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CHAPTER 9 FEEDING ECOLOGY

9.1 INTRODUCTION.

Feeding ecology is the fifth aspect of langur biology 

considered in this thesis which with activity, ranging, social 

organisation and vegetation forms an integrated study of potentially 

inter-related factors. In this chapter feeding budgets by species and by
m

items will be presented and the particular cases of gumivory and
A

insectivory and drinking considered. Feeding is discussed here in 

isolation; it will be integrated with other aspects of langur biology in 

Chapter 10.

The feeding ecology of langurs has been investigated in 

detail at only a few of the many sites at which entellus has been 

studied; research effort has concentrated on social organisation and 

social change. Yoshiba (1967) studied the diet of langurs inhabiting dry 

deciduous forest at Dharwar. Oppenheimer (1978) and Makwana (1977) 

published short accounts on the diet of langurs at Singur and Jodhpur 

respectively. Ripley (1970) considered the sociology of foraging and 

provided a diet list for Polonnaruwa. The most detailed study published 

is that of Hladik (1977), also for Polonnaruwa, which provides detailed 

information on annual and monthly feeding budgets in terms of quantity of 

food ingested. Hladik also investigated the nutritional value of items 

and the quantity of food resources available in the troops range. 

However, in no langur study has activity, ranging, feeding, vegetation 

structure and phenology been investigated concurrently in the way 

exemplified by numerous African primate studies (e.g. Glutton-Brock 1972, 

Marsh 1978, Gates 1974, Waser 1977a, Rudran 1978, Struhsaker 1975).
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9.2 METHODS.

Glutton-Brock (1977b) summarized the methods that can be 

used to quantify diet compostion in primates: 

a/analysis of stomach contents, 

b/analysis of dung samples.

c/visual measurement of amounts of different foods eaten, 

d/measurement of frequency with which different foods are chosen, 

e/measurement of proportion of feeding time spent on different foods.

The first two methods were impractical in this study, 

the former because it was inconsistent with a long term study and the 

latter because of difficulties in analysis and in correlating its 

quantitative relation to diet. The visual measurement of ingestion as 

used by Hladik (1977), although probably providing the most pertinent and 

reliable information, is overwhelmingly difficult to record in conditions 

of poor visibility. The frequency method as used by Struhsaker (1975)

requires constant awareness of the identity of individual monkeys and is
t

perhaps bedeviled by more potential bias than the measurement of feeding

time. Here the measurement of proportion of feeding time spent on 

different species and different items was used, recorded during scans.

This method has the advantages of relative simplicity, robustness to
I;

variation in methodology and the availabity of tests for bias (Glutton- 

Brock 1972). It has been one of the commonest methods used in primate 

field studies, thereby facilitating comparison between langurs and the 

cercopithecids of East Africa. It potentially suffers however from 

visibility bias and feeding time bears an unknown relationship to the 

actual quantity of food ingested because of variation between categories 

of food in feeding rate and item size. For example, for equivalent 

amounts of time spent feeding on mature leaves and leaf buds we would 

expect a considerably larger mass of mature leaf to be ingested than of
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buds. Hladik (1977) showed that the results produced by the two methods 

were not well correlated for Singalese Hanuman langurs. However, with 

langurs feeding 30m up trees it was obviously impractical to measure 

mass ingested. Studies in which feeding time and frequency have been 

recorded concurrently have shown that they produce rather similar results 

(Marsh I981c, Dates I977a).

The feeding data were collected during scans, as described 

in 7.2, at half hour intervals from dawn to dusk for seven days a month 

(SCAN and DROP follows combined; see Chapter 3). For each animal recorded 

as feeding during each scan the food item and food species were noted. 

The tree species present in the study area and their abundance, i.e. the 

resources available, are described in Chapter 5. The major categories of 

food item recognised followed the same typology as used in phenology 

recording (see 5.2). In addition, the following categories were 

recognised i 

Stem

Petiole of mature leaf Herb seed

- young leaf Grass seed

- unknown age Earth

Leaf of unkown age

Bark

Invertebrate

Gum (plant exudate soluble in water)

Herb Resin (plant exudate insoluble in water)

All tree species, from which langurs utilized exudate, 

produced either resin or gum. Therefore, such feeding from a gum producer
m

was classed as gumivory and from a resin producer as resin consumption.

The scan data were 'used to calculate feeding budgets for each month and 

for the twelve month cycle in terms of time invested in feeding on items 

and species. As these budgets are generated from scan data the discussion

of bias and methodology, in Chapter 7, applies.



324

9.3 FEEDING BUDGETS : RESULTS.

9.3.1 ANNUAL BUDGET AND BIAS.

The annual budget (from April 1981-March 1982) was 

expressed, in the manner of Waser (I977a) and Oates (1977a), as the 

number of feeding records per species or item as a percentage of the 

total number of feeding records (N=6787). Because of the smaller sample 

size in September (see 3.2.1) the budget for that month was weighted by 

7/6 in compensation. The budgets by items and by species and items are 

tabulated in Tables 9.A,9.B and depicted Fig 9.1 & 9.2. The species of 

herb and grass consumed are tabulated in Appendix V.E.

The Hanuman langur is usually referred to as a folivore or 

leaf monkey. Indeed leaf, especially mature leaf, was the predominant 

item in terms of feeding time. Leaves, buds, stems and petioles combined 

contributed over half the diet. However, fruits at 24.5 % made up a 

significant portion of the feeding budget. Flowers and flowerbuds 

contributed 6.6 % and 2.9 % respectively. The food item was unidentified 

in 6.8 % of the records. Of 68 species of tree and woody climber in "C" 

troops range the langurs were observed to feed on 53 species during scans 

and 60 during follows. The species from which no items were consumed were 

Adina, Casearia tomentosa, Cordia macleodii, Garuga, Kydia, Randia, Butea 

superba and an unidentified bush in Q 16/05. Only invertebrates were 

taken from Lage r sjbroemia., Tectona, Cassia, Grewia and G loch id ion. Of the 

seven major phytophases (those listed in 5.2) langurs only used all from 

one species, Mallotus. Most commonly langurs utilized four items (13 

species) or only one (9 species). Mature leaf was taken from 26 species 

of tree and climber and fruit from 34. In April 1981 troop langurs were 

seen to scoop up and eat filamentous algae from the Deotalao lake (see 

3.1.2).
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The two top ranking species in the annual diet were 

Pterocarpus and Shorea, which combined contributed 24.3 % of feeding 

time. Although the diet was diverse in terms of the total number of

species utilized, feeding was concentrated on relatively few. Only the
/ 

top 22 species ranks contributed more than 1 %. The top 12 species

contributed 70 % of the diet. The Shannon-Wiener diversity index,H', for 

the annual budget (Table 9.B) was 3.157. This index reflects both the 

number of dietary items and species and the evenness of their use (Harvey 

1977). Terrestial feeding represented 13.2 % of the annual diet.
A

However, as was the case for activity data (see 7.3.1) the 

budget could have been biased by association between the food items 

consumed and the number of feeding langurs recorded per scan. By analogy 

with Glutton-Brock (I974b), I gained the impression that, for example, I 

scored more animals feeding on Sterculia fruits than Shorea fruits in 

proportion to the actual number of animals feeding. This was a 

consequence of gross differences in leaf density and hence visibility 

between the two species. The potential bias was tested using the same 

technique as used in 7.3.1, derived from Glutton-Brock (1974b), in which 

the data collected in each scan are treated equally. This equalisation was 

carried out for May, August and December (i.e. one month per season). For 

each month and for the ten species on which "C" troop fed the most, the 

number of feeding records per species were expressed as a percentage of 

the total number of records of langurs seen feeding in the scan. The mean 

of these percentages was taken for each follow and the median of these 

means calculated for each month. This yielded a measure (Method B) of the 

percentage utilization of ten species for each month in which each scan 

has equal weight. These budgets were compared with the relevant monthly 

budgets as calculated in 9.3.2 (Method A). As is shown in Fig 9.3. the 

two estimates are highly correlated (Maytr =0.950,n=12,p<0.001,
£3
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August:r =0.908,n=12, p<0.001, Decembers =0.976,n=12,p<0.001). This
ss 3

result, though it does not show that such bias does not occur, does 

indicate that there was no strong determining association between the 

number of animals seen in scans and the structure of the tree being fed 

in.

The annual budget was calculated irrespective of variation 

in the monthly sample sizes. However, as shown in Table 9.A. there was 

inter-monthly variation in the number of feeding records and consequently 

some months will tend to be over-represented in the annual budget. 

Therefore, the alternative calculation, the mean of monthly percentage 

budgets, as used by Marsh (1981c), might be more appropriate. The 

deCcision can be resolved by considering the sourcesof variability in 

sample size, which are potentially:

a/variation in observer effort.

b/seasonal variation in duration of dawn-dusk follows.

c/feeding langurs more visible in certain months.

d/differences in proportion of time spent feeding.

With a corrected September budget a/ is not applicable and 

sample size variation is the inverse of what would be expected if b/ was 

a determining factor. The test for bias given above suggests that c/ is 

unlikely to be important. However, as described in 7.3.2 there is 

pronounced inter-monthly variation in the proportion of time spent 

feeding. Consequently, to equalize months would under-estimate the 

contribution the prolific feeding months make to the annual budget. In 

terms of species composition, the annual budget would appear to be 

representative of langur diet as a curve of cumulative number of species 

consumed with accumulated observation time (Fig 9.4) levels off towards 

an asymptote after some six months.
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9.3.2 MONTHLY VARIATION.

Langurs of "C" troop showed considerable inter-monthly
both 

variation in feeding budgets in terms of.items and species (Table
A,

9.A,9.C). Monthly variation in proportion of time spent feeding on the 

various items is shown in Fig 9.1. A number of monthly indices of feeding 

behaviour are given in Table 9.D. In the cold weather months of November 

to February mature leaves were consumed prolifically whilst open and 

closed leaf buds became important towards the end of the season. In the 

hot weather, from March to May, flowers and flower buds were important in 

the early months and fruits in the later months; leafbuds and young 

leaves contributed small quantities. Mature leaves were noticeably absent 

from the diet. With the onset of the monsoon in June the diet differed 

little from that of the hot May but in July the feeding changed markedly 

with mature leaves and their petioles becoming important. Considerable 

quantities of invertebrates were consumed in the early monsoon months and 

a moderate amount of fruit. The proportion of mature leaves steadily 

increased until October when fruit consumption, from shrubs (Flamengia) 

and not trees, again became predominant.

The monthly budgets also showed considerable variation in 

the species composition of the diet. Monthly variation in percentage of 

time spent feeding on some important food species are shown in Fig 9.5 & 

9.19,19. The most consistently utilized species was Shorea, which was 

annual rank 2 and consumed in all months (Fig 9.5). The lowest rank it 

reached was 14 and it showed three top ranks and two second ranks. In 

contrast, the annual top rank Pterocarpus was fed upon for a much more 

restricted part of the year,the cold weather, when it was in full mature 

leaf. In utilizing Shorea langurs fed on a wide variety of items, eating 

different categories in different seasons. In a few species, such as 

Mallotus, the same item (open leaf bud) was consumed throughout the year.
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However, most species were fed upon for only a restricted period with 

only one major item consumed. This pattern was most extreme for the shrub 

Flamengia semilata which was rar.ely utilized outside October when feeding

on its fruits contributed 61.9 % of the diet and was related to a peak in
K

terrestial feeding.

As noted in 9.3.1. a few species were used extensively

whilst most were used very little. The distribution of percentage feeding 

time per species in descending rank order for the top 10 ranks is shown 

in Fig 9.6 for each month. There is a dramatic contrast between October 

with its preponderance of Flamenqia feeding and July with a considerably 

more even distribution. The Shannon-Wiener diversity index, H' was 

calculated for the monthly budgets. For both items and species-specific 

items monthly variation in H' (Fig 9.7) suggests that the diet was more 

diverse in the early monsoon than in the late monsoon and cold weather. 

The hot weather was intermediate. High diversity was associated with 

periods when the diet was not dominated by mature leaves, flowers or 

fruits.

The percentage overlap between the diets was calculated, 

in terms of items and species-specific items, in the manner of Holmes & 

Pitelka (1968) as used in 8.3.2 and portrayed in single-linkage 

dendrograms produced by CLUSTAN (Wishart 1982,see Fig 9.8,Appendix V.G). 

Both plots suggest that March, April and July were the most dissimilar

months. The rest of the year tended to cluster into contiguous months
I

with December and November, June and July being particulary similar
*

pairs. The months from August to February tend to form one large cluster 

in both items and specific items. Therefore, there is a tendency for 

adjacent months to be similar to each other and for the late monsoon and 

winter diets to show extensive overlap between months.

Inter-monthly variation in the use of minor dietary
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components is shown in Fig 9.9 & 10. invertebrates were observed to be 

consumed during the monsoon and winter months, with a peak in the early 

monsoon, when they constituted 24.9 % of the diet. Invertebrate foraging 

is considered in more detail in 9.6. Petioles were mostly taken from 

mature leaves, resulting in a considerable drop of lamina to the forest 

floor. The seasonal pattern of petiole consumption was similar to

variation in mature leaf feeding which, apart from a fall in October, was
*most frequent in the monsoon and winter. Stem feeding occured in all
A

seasons but again was most frequent in the winter and monsoon. If the 

consumption of gum is measured as the percentage of feeding time and also 

as the frequency of opportunistic observations of langurs feeding very 

similar patterns result (see Fig 9.10). The pattern is bimodal, peaking 

in the hot weather and monsoon with little feeding at the outbreak of the 

rains or in the winter. Gum consumption is considered in more detail in 

9.5. Feeding on earth, mostly from termitaria or termite re-worked soil 

on logs, occurred in most months but was especially frequent in August. 

On three occasCions in August and October "C" fed at stream bank saltlick 

at Q 20/20 (see Map 7) and fed extensively on the clayey soil, un- 

reworked by termites. This saltlick, also used by ungulates, is probably 

of natural origin but has been supplemented by the provision of saltlick 

blocks by the Forest Department. In May a langur partially consumed a mud 

ball built by a hymenopteran (Delta sp.,Eumonidae) on a C.myxa twig.

Feeding on tree bark was most prevalent in the monsoon and 

late winter with none being observed in the hot weather. Herbs, from both 

the forest floor and meadow, were fed upon from September to February, 

probably reflecting the annual phenology pattern. Herbs and grass seeds 

were consumed in the late monsoon, the season of reproduction in low 

stature plants. The seeds of the herb Fleetrocanthus icanus, which form 

dense beds beneath trees, were the most commonly utilized.
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9.3.3 SPECIES SELECTION RATIOS.

As shown in Chapter 5 there was wide variation in the 

abundance of tree species within "C f"s range, with a few species very 

common but most rare. Similarly, as shown here, there was wide variation 

in the feeding time per species with a few consumed prolifically but most 

rarely utilized. The extent to which these are related, i.e. whether tree 

utilization is a reflection of their abundance, can be estimated by 

calculating a selection ratio (Clutton-Brock 1977c). A selection ratio is 

the ratio of % feeding time per species to a measure of the species 

abundance. Here tree relative dominance, % ABH, (see Chapter 5) is used :

Selection ratio = % of feeding records in annual budget for species, 

species. relative dominance of species.'

This ratio suffers from the following potential 

disadvantages:

a/relative dominance is unlikely to be linearly related to canopy

size across species.

b/relative dominance is a poor estimate of food availability, 

c/the ratio does not take into account variation in phenology

and biomass between different items.

d/feeding time is probably poorly related to the quantity of 

food ingested.

Although crude, the ratio provides a means of gauging

gross differences in selection and is particulary useful in identifying 

cases were animals show strong selection for rare tree species (Clutton- 

Brock 1977c). The ratios for the top 30 ranks in the annual diet are 

shown in Fig 9.11. The distribution shows a tendency to be skewed to the 

left, peaking at rank 4 with a minimum at rank 2, the omnipresent Shorea. 

The most strongly selected species, in descending rank order of the
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ratio, were Anoqeissus, Bauhinia retusa, Ehretia, Ficus arnottiana and 

Pterocarpus. At lower ranks the selection ratio showed great variability 

with some rare species such as C.inyxa, Madhuca and Lannea being highly

selected. As Marsh (198lc) noted, highly selected species do not
s 

necesarily contribute greatly to the diet, nor do species fed upon
A

extensively have necessarily high selection ratios, Although many species 

fed upon, both a lot and a little, had low selection ratios, there is a 

tendency for species with very high ratios to be fed upon a lot. The 

result demonstrates that the differential feeding on species evident in 

the annual budget was not simply a reflection of differences in tree 

abundances. Langurs are not taking a species diet in proportion to their 

availability in the environment. Variation in selection can be a result 

of preference (in the sense of Glutton-Brock, I975a) and differences in 

item crown density and duration of availability of specific items within 

the canopies.

9.3.4 PHYTOPHASE SELECTION.

The species selection ratios do not, as noted above, take 

into account the phenology and abundance of different items. In Chapter 5 

tree phenological patterns were described and an aggregate availability 

index for all species, for each phytophase, calculated. This provides a 

relative measure of item abundance but as phenology was recorded 

irrespective of item biomass, plant part selection cannot be compared 

between items. However, the aggregate index can be compared with the item 

feeding budgets. If, as Marsh (198lc) noted, the use of a phytophase is 

consistently limited by its availability a correlation between item 

abundance and its use would be expected. In Fig 9.12-14 the monthly 

availability index per item is plotted against its contribution to the 

diet (from Table 9.A). No relationship was evident for young leaf or leaf
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bud. For mature leaf there is evidence of a curvi-linear relationship. 

Feeding on this item tended to decline in the few months of leaf fall 

when availability was low. A significant linear relationship was found

for fruit (r =0.751,p<0.01), open leaf buds (r =0.830,p<0.01), flowerbuds s s

(r =0.626,p<0.05), and flowers (r =0.839,p<0.01). These items, the
S S

second, third, fourth and sixth item ranks in the annual budget 

respectively, were only briefly available and were consistently selected

for.
( 

The availabilty and utilization of species-specific items

can also be compared (Fig 9.15-16). Ephemeral items, with high species 

selection ratios, such as Svzvqium fruits, were used heavily during their 

brief period of availability. Some items, present throughout most of the 

year, such as Pterocarpus mature leaf, were only utilized during a few of 

those months. Others, such as Mallotus_ open leaf buds, available in small 

amounts throughout the year, were used in rough proportion to their 

abundance. The pattern for figs was less clear, availability and use for 

Ficus arnottiana and F.infectoria appeared to be unrelated. There is a 

suggestion in Fig 9.16 that the largest peak in utilization followed the 

maximum availability.

9.4 FEEDING BUDGETS : DISCUSSION.

In this discussion some aspects of langur foraging will be 

considered and compared with other populations of langurs and colobines. 

Gum and invertebrate foraging and drinking are considered in the 

succeeding sections of this chapter. Feeding ecology is discussed here in 

isolation and will be integrated with other aspects such as activity, 

vegetation and ranging in Chapter 10.

Hanuman langurs, along with other colobines, are generally

^ refered to as leaf eaters or folivores. However, as Hrdy (I977b) pointed
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out this may be rather a misleading, but convenient, epithet. Of the 

colobines, P.entellus has probably the broadest diet, taking a 

considerable proportion of folivorous items but also fruit, flowers, gum 

and invertebrates. The epithet is particulary inappropriate for the hot 

weather months when foliar items are a minor component of the diet. Also 

the measurement of feeding time probably underestimates the importance of 

fruit in the diet (Hladik 1977). A folivore categorization may be 

appropriate for colobines such as C.quereza and P.senex but, if a phrase 

is to be used to classify diets, folivore-frugivore may be more 

appropriate for this langur species. The approach of Glutton-Brock & 

Harvey (1977), in listing species on a continuum by the percentage of 

foliage in the diet, is more realistic than categorization into gross 

diet type.

The cellulytic gut flora appears to permit, but not

require, langurs to feed on mature foliage. Although apparently a very 

specialised adaptation, it seems to be flexible and facultative, not 

requiring dietary specialization, unlike true ruminants. Little 

information is available on the interactions between diet and microbe and 

colobine physiology. It may be interesting to investigate the 

consequences of a high invertebrate intake on the symbiosis and how the 

digestive specializations are reconciled with a highly diverse diet in 

langurs. It is not clear why Kanha langurs should be so insectivorous in 

comparison to other populations. It may reflect larger abundances of high 

density, immobile insects than at other sites. Alternatively, the 

difference may an artefact resulting from reduced observation time during 

the monsoon when invertebrates are abundant but fieldwork is difficult. 

The rather gradual change in item diet through the year gives the 

impression of seasonality and of linkage to forest phenology. Suggestions 

of seasonality are rather presumptive on only a years data but evidence,
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not presented here, from 1980 and early 1981 suggest that monthly budgets 

were consistent between years. A very few species, such as Shorea, 

Saccopetalum, Lannea, were consistently important as food sources during 

many months. This pattern is a consequence of langurs feeding on a 

variety of items which occur at different seasons on the same species or 

on gum which is available throughout the year. Most species, such as 

Syzyqium, Anogeissus, Emblica, were important for only a brief run of 

months, resulting from feeding on one or a few items per species which 

show synchronous phenology and are hence available for only a restricted 

time span. Marsh (1981c), Struhsaker (1975) and Dates (1977a) found 

similar patterns of phytophase availabilty and use to those described 

here. If, as is generally assumed (Glutton-Brock 1977b, Marsh 198lc) 

mature leaves are not 'preferred' items, owing to leaf chemistry, the 

reduction in mature leaf feeding below an availabilty index of about 300 

may reflect the increased abundance of alternative items during and after 

leaf fall and not mature leaf abundance per se. Langurs generally 

utilized mature leaf for only a part of the period it was available, 

perhaps as a result of changes within the leaves, alternative forage 

items or in the animals' requirements. As leaf fall and reproduction 

tended to occur during the same season, mature leaves were the only item 

available in abundance for much of the year. The availabilty of the more 

ephemeral open leaf buds, flowers, fruits and flowerbuds was closely 

related to utilization, suggesting that their consumption was limited by 

abundance in the environment. This is evidence that these items are 

disproportionatly selected for and are probably preferred items.

A set of information was collected, not presented here, 

consisting of flow diagrams representing the mechanical actions langurs 

use in manipulating and processing food items. These observations 

revealed a great diversity of feeding techniques and a high degree of
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selection of parts within items. Such fine selection probably has 

profound consequences for nutrition, which would not be apparent in the 

gross scale of dietary investigations such as this. For example, langurs 

feeding on Pterocarpus mature leaves, the top ranking specific item, 

commonly masticated 3 or 4 leaves per bout before ejecting a fibre wad. 

All Pterocarpus trees in the study area had a large accumulation of wads 

below the canopy. By this technique langurs presumably ingest the leaf 

juices and cells whilst rejecting the fibrous material. Similarly 

langurs, when feeding on the large mature leaves of Bauhinia retusa, 

would commonly rip portions of blade from between the digitate veins. 

During the monsoon and cold weather langurs frequently fed on the 

petioles of mature leaves, discarding the blade. This was particulary 

prevalent for Terminalia species, the forest floor below these trees 

being characteristically carpeted with rejected blades. Nagel & Lohri 

(1973) working in the same forest calculated that for a Terminalia 

species, petioles constituted only 5.3 % of the entire leaf fresh weight, 

which could be 20 g. Langurs took great care in the manipulation of 

Sterculia fruits which are covered in myriads of loose urticating hairs. 

The fruits are terminal and langurs were occasionally seen to reach them 

by progressing quadrupedally, with the body swung below the branch (see 

Plate 12). Langurs were also seen to select between specific items, for 

example while feeding on the flowers of B.vahlii they only fed on white 

flowers and never the slightly aged yellow blossoms. In contrast, when 

feeding on the enormous quantities of Shorea flowers available in March, 

no selection was apparent and considerable amounts of peduncle were also 

ingested.

Recently, much effort has been expended trying to

understand what aspects of leaf chemistry determines diet selection. As 

Chivers (1977) noted, it is not the botanical classification of food
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plants which is important but what trees contain in the way of beneficial 

and deleterious chemicals. In recent primate studies it has been 

suggested that it is not only primary compounds (nutrients and structural 

carbohydrate) which are important in diet selection but also secondary 

compounds, which may be harmful to the forager (Montgomery 1978, Gates et 

al 1980). Although these types of leaf chemicals have been implicated as 

important in food choice there is little firm evidence from field studies 

(Glutton-Brock 1977b). The nutrient levels in items will undoubtedbly 

play an important part in choice and trees may defend themselves by 

reducing nutrient levels in foliage (Hladik 1977). Gates et al (1980) 

investigated food selection and leaf chemsitry in Presbytis lohnii in 

south India and found that the most heavily used mature leaves were 

characterized by relatively low fibre and high digestibility. They 

suggested that plant structural carbohydrate such as the lignin and 

cellulose in the cell walls were important. Milton (1980) suggested that 

protein and fibre content were the most important determinants of food 

choice in howler monkeys (Alouatta). Secondary compounds, such as 

alkaloids and tannins, may be produced by plants as deterrents to animal 

feeding (Freeland & Janzen 1974). Tannins may have a deleterious effect 

by precipitating food protein and digestive enzymes. Raemakers et al 

(1980) suggested that chemical defences tend to be more prevalent in 

mature versus young foliage, climax versus colonizing species, evergreen 

versus deciduous species and tree versus vine growth forms. However, 

ingestion of secondary compounds may not be universally deleterious; they 

may have beneficial effects by inhibiting 'bloat' and inactiviting other 

allelochemics (Gates 1977a). Janzen (1978) suggested that secondary 

compounds may be ingested as purges to eliminate intestinal parasites. 

Their presence may help to explain some dietetic diversity, if a varied 

diet results in acquiring doses of different toxins which are small
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enough to be neutralized (Glutton-Brock 1977b). Primates may also utilize 

a diverse diet in order to maintain enzymatic pathways for detoxifying a 

wide range of chemicals, in case large quantities of toxins have to be 

consumed (Rudran 1978). However, are these factors important in food 

selection in the field ? McKey (1978) suggested that owing to poor sandy 

soils, trees of a Cameroon rainforest invested more than elsewhere in 

predator defence, as leaf replacement involved greater expense than at 

nutrient rich sites. As a consequence of bristling leaf chemical defenses 

black colobus (C.satanas) in the forest consumed unusually large 

quantities of seeds for a colobine and showed greater folivorous 

selectivity (see Table 9.F). However, screening of tropical trees for 

secondary compounds suggests that they are by no means omnipresent in 

large quantities (Hladik 1977). Secondary compounds may be less effective 

against colobines than cercopithecines owing to the formers probable 

ability to detoxify compounds in the forestomach microflora (Dates et al 

1980).

The data from Kanha shed little light on the primary- 

secondary compound debate, as vegetation samples have not been analysed. 

However, a few aspects of their natural history are relevant. Langurs 

were conspicuous in their complete avoidance of some items such as mature 

Shorea leaves, probably the most abundant item in the forest; a mature 

tree can hold some 30,000 leaves (Suri 1968). This species was 

distinguished from the rest of the vegetation by being a climax, semi- 

evergreen tree and it may, by reference to Raemakers et al (1980) 

suggestion, be rich in secondary compounds. Similarly, the leaves of 

Diospyrog were completely avoided. The leaves of this genus are well 

known for being poisonous to many folivores, perhaps because of their 

high naphthaquinone content (McKey 1978). Langurs consumed virtually all 

species of abundant fleshy fruit available. However, the complete
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avoidance of Casearia tomentosa fruits was notable. These fruits are 

regarded as poisonous by the local Baiga and used as a fish poison. The 

Leguminosae generally have relatively high leaf protein contents (Hladik 

1977) and it is interesting that the top two species ranks for mature 

leaves belong to this family (see Table 9.B). Although I have no data 

from Kanha, young foliage usually has higher protein levels, but lower 

fibre and secondary compounds concentrations than mature leaves (Hladik 

1977). This may explain the tendency to feed on young leaves and buds in 

preference to mature leaves when both are concurrently available. The 

selection of petioles from mature leaves and rejection of laminae may 

have as its cause the high concentration of vascular bundles and sap 

within petioles relative to lamina.

The feeding technique, whatever the determinants of food 

choice, is highly selective and with accidental dropping and violent 

canopy movements (especially adult male displays) results in a 

considerable fall of arboreal vegetation. From the DROP follows, in which 

all green matter dropped by "C" was collected and weighed, it was 

calculated that "C" troop dropped about 1500 kg of arboreal foliage a

year. Such highly selective langur feeding has important consequences for
r

obligate terrestial herbivores. Vertebrates, especially chital, whose
n

spectrum of dietary items includes forage rejected by langurs, frequently 

utilize this 'manna from heaven'. Langur rejects are also consumed by 

invertebrates such as the omnipresent beetle Gonocephalum sp. 

(Tenebrionidae). Nymphs of the bug Leptocoris augur (Serenthinae) appear 

to be dependent on langurs to make the mucus within hard Schleichera 

fruits available to them (Newton in press). Apart from Ficus species, 

langurs probably contribute little to seed dispersal directly through the 

deposition of their faeces. The only non-Ficus seeds found in langur dung 

were one example each of Saccopetalum and Cassia. Langurs were important
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vectors for the dispersal of Cordia myxa and C.latifolia fruits from 

which they rejected the mucus-coated kernels. The kernels frequently 

became glued to their fur by mucus and were carried long distances before 

being groomed out. Another important langur influence on plant dispersal 

was probably the dropping of viable fruits to the forest floor, where 

they were gleaned by jackals (Canis aureus), an omnivore without the 

dentition or specialized gut necessary to destroy seeds. The germinating 

seeds of Syzygium were frequently observed in the early 

monsoon sprouting from jackal faeces. Langurs may therefore be important 

plant dispersers, but by proxy.

The consumption of earth by langurs and other colobines 

has frequently been remarked upon (Ripley 1970, Roonwal & Mohnot 1977, 

Hladik 1977, Gates 1978, McCann 1933). Kanha langurs fed mostly on 

termite or termite-reworked soil, reaching a maximum of 3.0 % of feeding 

time in August. A reasonable supposition would be that geophagy was 

related to mineral nutrition. However, Hladik (1977) and Hladik & Guegen 

(1974) compared the mineral composition of termite mound earth with that 

of the diet of Singalese entellus and found that the earth had low 

mineral levels in comparison to foliage. They suggested an alternative 

hypothesis: that the function of geophagy is to absorb secondary 

compounds such as tannins, which can have a inhibitory affect on protein 

absorption. Gates (1978) reached a similar conclusion for geophagy in the 

Ugandan black and white colobus and noted that clays are used in medical 

practice to such an end and that tribal people eat soil with tannin-rich 

foods. Gates also suggested that soil may have an antacid function, 

buffering pH changes in the colobine forestomach. Information from Kanha 

provides little insight as to the function of geophagy as samples of

earth have not been analysed. However, if a tannin absorption function
be 

was the case, geophagy would be predicted to most prevalent when the diet
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was richest in tannins i.e. when mature leaves were the major diet item. 

Comparison (see Fig 9.1,9.10) suggests that the two patterns are not 

related; however as the test is based on feeding time, and not mass 

ingested, a relationship is not disproved.

Langurs probably suffer little interspecific feeding

competition as there are few other arboreal herbivores. Avian frugivores 

are unlikely to be important competitors. Parakeets (Psittacula spp.), 

Bengal green pigeons (Treron phoenicophera) and hornbills (Tockus, 

Anthracoceros) range over considerably larger areas than langurs and 

occur at a lower biomass. The alterations of forest structure by Baiga 

bewar and forestry operations may have changed langur diet. The felling 

of Pterocarpus trees in the past (see Chapter 5) may in particular have 

affected langurs owing to this species high selection ratio. The felling 

of B.retusa, F.arnottiana and Ehretia, all highly selected species, would 

be predicted to have a substantial effect on feeding ecology. Such 

information may be of use in the future, if commercial working plans are 

drawn up with an aim of minimizing the effect of selective logging on 

langurs.

Langur-vegetation interactions are difficult to quantify. 

In the late monsoon two species, Emblica and Anogeissus, clumped around 

Kuloo chattan were noticeably defoliated of mature leaves. Langurs fed 

extensively on these specific items, with a high selection ratio, and 

appeared to be responsible for their denudation. Other species in which 

langurs appear to have a significant effect on leaf density were 

Pterocarpus, Bauhinia retusa, F.tomentosa and Sterculia. Langurs probably 

considerably reduced flowers on Madhuca, Ehretia, B.vahlii, Butea, Bombax 

and fruit of Saccopetalum, Emblica, Lannea, Cordia, Bombax and 

Schleichera. It was noted in 9.3.2 that Mallotus open leaf bud was 

consumed throughout the year. I gained the impression that langurs were,
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by this regular cropping, stimulating bud production and maintaining the 

bushes in perpetual flush. Such pruning is similar to the suggestion that 

white-faced monkeys (Cebus capucinus) in Panama effectively 'prune 1 

Gustavia trees, removing apical dominance, thereby increasing branching 

and the amount of foliage available (Oppenheimer & Lang 1969).

From October to February "C" troop langurs fed extensively 

on the pink open leaf buds of Shorea in a patch of sal forest centred on 

Q 17/16. The trees were, in contrast to the surrounding conspecifics, 

largely bare of mature leaves. The trees of this patch appeared to have 

renewed leaves in March, in synchrony with other sals, but then lost 

their mature leaves in mid-monsoon. The skeletal trees were dotted with 

holes, perhaps bored by cerambycid beetles, some 5mm in diameter spouting 

sawdust and 'ral' resin. The sals may have aseasonally shed their leaves 

in response to the stress of being bored into or perhaps previously 

defoliated trees were more susceptible to attack. Whatever the cause, 

langurs fed extensively on these few flushing trees and perhaps, as with 

Mallotus, facilitated prolonged budding. Langurs were not observed to 

feed on Shorea immature foliage during March leaf fall. This difference 

is perhaps related to variation in leaf chemistry, animal requirements 

and/or the alternative food available.

Is there a period of the year in which the langurs

experience a food shortage ? Hrdy (1977b) suspected that the dry season 

at Mount Abu was occasionally a time of serious food shortage. At this 

time the habitat was dessicated, food choice limited, foraging more 

difficult and intra-specific feeding displacements frequent. Hladik 

(1977) found that P.entellus ate about half of the fruit production of 

those species consumed. For P.senex the potential food supply was gauged 

to be about ten times what which was actually eaten. Hladik (1977) 

considered that the supplies of potential food within the troops range
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was often not greatly in excess of animals requirements. Milton's (1980) 

investigation of the mantled howler monkey (Alouatta palliata) suggested 

that at times they lived on narrow margins with respect to both nitrogen 

and energy balance. When the proportion of fruit available and consumed 

was low the howlers were less active than 'usual', perhaps as a 

consequence of problems in maintaining energy balance (Milton (1980). 

However, Coelho et al (1977) estimated that the energy supply available 

to Guatemalan howler monkeys was some 170 times the population 

requirements throughout the year. Although chemical analysis of Kanha 

vegetation has not been carried out, other work (Hladik 1977, Milton 

1980) suggests generalizations as to the chemical constituents of items. 

Fruits tend to be low in protein and rich in non-structural carbohydrate. 

Leaves tend to be high in protein (especially in young leaves) but low in 

non-structural carbohydrate. If these generalizations hold for Kanha, it 

is likely that langurs have an energy rich diet in the hot weather and a 

more proteinaceous diet in the monsoon and winter. It is possible that 

langurs have a problem in maintaining a protein balance in May and June 

and an energy balance in November and December. There is probably an 

inverse relationship between food quality and quantity through the year; 

a diet of flush and reproductive items may be energetically rich but the 

food supply is probably sparse and dispersed. In contrast, with a diet of 

mature leaves, energetically poor, the food supply may be dense and 

widespread (Glutton-Brock 1975a). However, information on energy and 

protein budgets, the composition of food items and on animal requirements 

are required before a period of food shortage can be objectively 

identified.

That langurs have a generalist diet, broader than other 

colobines, has been recognised at all study sites, as summarized by 

Roonwal & Mohnot( 1977) and Oppenheimer (1977). Of the many publications
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on the Hanuman only two consider feeding ecology quantitatively and in 

detail over an annual cycle. Oppenheimer (1978) using scans, estimated 

the diet of village-dwelling langurs in Bengal in terms of time spent 

feeding. Hladik (1977), with excellent observation conditions, measured 

directly the quantity of food ingested by Singalese langurs in semi- 

deciduous forest. Both studies spanned an annual cycle. The food items 

consumed, in broad categories are tabulated below : 

Study site Leaf Flower Fruit Source 

Kanha 51.7 9.5 24.5 this study 

Singur 54 5 37 Oppenheimer (1978) 

Polonnaruwa 48 7 45 Hladik (1977)

Oppenheimer (1978) found a diet similar in structure, in 

terms of items, to Kanha but of quite different species composition. The 

top 10 ranking species made up 66 % of feeding time whilst in Kanha the 

top 12 species contributed 70 %. During 19 months of the Singur study 69 

species were fed upon, as opposed to 60 at Kanha. Some of the food plants 

at Singur were probably introduced and cultivated. The seasonal variation 

in item feeding time also followed a similar pattern to Kanha. Flowers 

were only consumed prolifically in February and March whilst fruit 

consumption remained at a high level throughout the year with a peak in 

May and, unlike Kanha, a peak in December. Leaf consumption was highest 

in the monsoon and early winter and lowest during periods of heavy 

feeding on reproductive items. Comparison of diets across two years 

suggested that some of the diet seasonality was dependent on the timing 

of the break of the monsoon.

Hladik (1977) compared ingestion diets of P.senex and the 

Hanuman living in the same forest. He was able to show that differences 

between time spent feeding on items and the quantity of food ingested 

were small for P.senex but large for P.entellus. For example, there was a
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ten fold difference between the two measures for flowers and leaf buds. 

However, the annual diet was, in terms of ingestion, similar to that for 

Kanha and Singur using feeding time. At Polonnaruwa, which shared some 

tree species with Kanha, the top 10 ranking species accounted for 70 % of 

the diet. Interestingly, the eighth rank at Polonnaruwa was Cassia 

fistula, a species abundant at Kanha but rarely fed upon, apart from the 

occasional insect or seed. Also in Ceylon, Schleichera oleosa was the 

third rank and Adina cordifolia fourth, whereas at Kanha the former was 

rank 31 and the latter was never observed to be fed upon. Although, both 

species are probably rarer in Kanha than in Ceylon, both had substantial 

biomass (see Chapter 5). The dietary seasonal variation in Ceylon was 

also similar to that in Bengal and Kanha, with a tendency to be 

frugivorous during the two dry seasons and folivorous during the rainy 

season. Therefore, the three studies of the Hanuman suggest that whilst a 

foliviore, fruit is a very important dietary component and predominates 

during the hot season.

Although the Hanuman langur has a relatively broad

frugivorous diet for a colobine, in comparison to the cercopithecines it 

has a very leafy diet. A summary of feeding budgets of a variety of 

cercopithecids, abstracted from field studies similar to this one in 

methodology, is given in Table 9.F. There is a striking contrast between 

the diets of the two sub-families: the colobines feed predominantly on 

leaves plus some fruit and flowers but rarely insects, whilst the 

cercopithecines are predominantely frugivores and insectivores. This 

distinction probably reflects the digestive specis!izations of colobines, 

permitting feeding on abundant, but poor quality, food (Struhsaker 

1975,Clutton-Brock 1977a). Among the colobines, P.melalophos and 

C.satanas are the most frugivorous. The reasons suggested for the high 

seed intake in the latter species are discussed above. The most
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folivorous species are C.guereza, P.senex and P.obscura. The diet of 

Kanha langurs was similar to that of P.lohnii at Kakachi, apart from the 

latters greater investment in feeding on young leaves and less on mature 

leaves (Gates et al 1980). The avoidance of mature leaves may be 

explicable by the evergreen nature of the lohnii habitat, which may 

therefore contain higher levels of secondary compounds than found in 

Kanha foliage, As in Kanha, johnii fed on large quantities of mature 

leaves, but from a very few tree species. In both studies, one species 

providing mature leaves (Pterocarpus in Kanha, Gomphandra in Kakachi) was
*
i the single most important species-specfic item in the annual budget and
A

both showed high selection ratios (Gates et al 1980).

Unlike red colobus at Gombe and Kibale and black and white 

colobus at Kibale (Struhsaker 1975,Gates 1977a) no one species was a 

staple across the year for Kanha langurs. No species was important in all 

months but Shorea was important in many months. Its use declined when 

only mature leaves were available. The differences between Kanha and the 

East African sites may in part be due the greater seasonality at the 

Indian site; the phytophase synchrony between and within species means 

that no one species bears preferred items throughout the year. In 

commonly feeding on four of the seven major plant parts from each 

species, langurs probably utilized most of the species-specific items 

available. In contrast, Waser (1977a) found that mangabeys generally 

selected only a single plant part from each tree species. Langur dietetic 

diversity was high, H' for the annual diet being 3.157, in comparison to 

2.651 and 2.962 for two red colobus populations (Struhsaker 1975) and 

2.08 for black and white colobus (Gates 1977a).

Hladik (1977) was able to compare the ingestion diets of 

P.senex and entellus living in the same forest. The senex diet was of low 

diversity, seasonally feeding on 80 % mature leaves and low proportions
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of fibrous fruits. In contrast, the entellus diet was highly diverse, 

never feeding on more than 50 % mature foliage but seasonally consuming up 

to 90 % fleshy fruit. Ten tree species in entellus and three in senex 

accounted for 70 % of food ingested. Hladik (1977) and Glutton-Brock 

(1974a) suggested that this pair of species may be ecological analogues of 

the African C.badius and C.quereza which show similar dietary differences 

linked to variation in ranging and social organisation (see Chapter 10).

Therefore, in conclusion Hanuman langurs have one of the 

broadest of colobine diets, feeding extensively on both foliar and 

reproductive items with some gum and invertebrates. With the temporal co­ 

incidence of leaf fall and tree reproduction, mature leaves constitute the 

only abundant available food for much of the year. The facultative 

digestive specialization allows them to cope with this resource, 

permitting occupation, like black and white colobus (Glutton-Brock 1974a) 

of very seasonal forests.

9.5 GUMMIVDRY.

9.5.1 GUM FEEDING : OBSERVATIONS.

Gums, one of the three major categories of plant exudate, 

are amorphous acidic polysaccharides. They are entirely soluble in water 

or form a mucilage. Their physiological function to the tree is probably 

to seal wounds against infection, analogous to mammalian scab formation. 

Gum is distinct from sap, the fluids carried in xylem and phloem/ and 

resins which are water insoluble, acidic phenol or terpene derivatives 

(Bearder & Martin 1980).

Langurs of "C" troop were observed to feed on tree gum

and, as it is an unusual colobine food, its consumption is considered in 

some detail in this section. Gum feeding was measured both in terms of
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percentage of time spent feeding from scan samples and as the number of 

opportunistic observations of langurs feeding during the seven days of 

DROP and SCAN 'follows 1 per month. Seasonal variation in the two patterns 

are very similar (see Fig 9.10) and in this section the latter measure has 

been used because of the larger sample size. If a langur fed at a gum site 

and returned to feed again within one hour it was regarded as one feeding 

bout. If the animal returned after an hour or visited a different gum tree 

two bouts were recorded.

Langurs of "C" were observed to feed on gum from ten 

species of tree (61 individuals) as listed in Table 9.E. Only one 

observation was made of langurs feeding on sal 'rail' resin, despite its 

abundance in the study area. In addition, in Ocober 1981 langurs were 

observed to feed on 'lac', the excretions of a coccid inscect (Carteria 

lacca) feeding on Butea monosperma (Cotes 1893). Lac is similar in 

appearance, and perhaps also chemically, to resin (Ford-Robertson 1971). 

Variation in the number of observations of gum feeding per month is shown 

in Fig 9.17 for each species of tree utilized.

To compare the frequency of gum feeding with its 

availabilty, the quantity of gum present in a sample of 17 gum producing
A

trees at which langurs were seen to feed, were monitored at the end of 

every month (see 3.2.1; Bearder & Martin 1980). The gum sites were 

inspected and the colour and morphology of gum flow described. The 

quantity of gum present at the site was noted on a 1-4 index in the same 

manner as used in monitoring tree phenology (see 5.2). This index of 

availability is plotted for each species in Fig 9.17. Most gum issued from 

damage which penetrated the bark. A sketch of the most frequently utilized 

species, Lannea, is given in Fig 9.18 to illustrate the types of gum 

sources. On occasions the flow of gum out of Lannea clefts was rapid 

enough to be visible.
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Terminalla gum sites were on terminal twigs and the cause 

of production was not ascertained. Sterculia produced thin twists of gum 

from 'pores' in the bark and occasionally from branch-loss stumps. Most of 

the Cordia latifolia gum production was the the result of axe wounds 

delivered by Baiga tribal people in the course of cutting fire making 

sticks ('gursa') or bark for rope. The tribal habit of blazing trees 

caused gum flow from Lannea, Anogeissus. and Buchanania. Gum also issued 

from damage to an Anogeissus bole, caused by deer (probably Axis) scouring 

into the bark with antler tips. The greatest variety of gum sites was 

found on Lannea. Elephants debarked the bole and woodpeckers (probably 

Chrysocoloptes festivus and/or Dinopium benghalensie), in drilling into 

the trunk, caused considerable gum flow. Wood-boring invertebrates, such 

as cerambycids, may also have induced gum production (Bearder & Martin 

1980). The major source of Lannea gum was from clefts or rents in the bark 

often surrounding dead wood and perhaps resulting from branch-loss. Also 

in Lannea the junction of primary and secondary branches appeared to be 

common gum sites. During the hot weather months of May and early June many 

Lagerstroemia plants, especially small trees some 6' high, glistened with 

droplets of a gum-like substance dripping from leaf tips. Tasting very 

sweet and sticky to touch the exudate crystallised into a white amorphous 

powder coating the leaves. This behaviour is not recorded by Brandis 

(1878, 1906) or Witt (1916) but was known to the local Baiga who ate the 

gum (Mungal pers.comm. ). On one occasion each in May and June a juvenile 

langur was seen to feed extensively on this exudate, placing the leaf tips 

in its mouth and removing the gum.

The frequency with which "C" troop fed at different

categories of sites and species is shown in Tab 9.E. The frequency of 

troop gum feeding over the entire year was 0.45 observations/day. I could 

not detect any preferences for particular colours or consistences of gum
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issuing from sites. Both crystalline hard and mucilaginous gum were 

consumed, usually taken direct by mouth, although occasionally pieces were 

picked by hand and transferred to the mouth. The only observation of a 

langur digging was of an adult female, which removed soil at the base of a 

Anogeissus bole, with fingers, to uncover a partially subterranean gum 

deposit.

The comparison of plots of gum feeding frequency and gum 

availability does not reveal any clear relationship between them, apart 

for Lannea. In this species the two patterns are similar, except for an 

April peak in feeding not apparent in the availability score. Lannea was

the most frequently utilized species with the largest number of
*

individuals trees fed upon. The majority of gum feeding occured on or
^

about the chattans with Lannea, Sterculia, Buchanania and Anogeissus 

tending to be clumped about these rocky areas (see Chapter 5). Little gum 

feeding was observed in the surrounding sal forest or on the meadows.

The most frequently used gum sites were those at major

natural damage (46.7 %) with minor damage, pore sites and those of unkown 

origin contributing 28.0 %. Feeding at animal induced sites contributed 

only 5.4 %. Gum contributed 1 % of feeding time in the annual budget but 

this probably underestimates its importance as considerable quantities 

could be consumed in one brief sitting. At cleft and bole sites especially

langurs appeared to induce considerable gum flow by gnawing at the actual
I 

site of issue. This was probably particulary potent when done by adult

males with their large canines and associated musculature.

9.5.2. GUM DISCUSSION.

Among colobines, exudate feeding has only been reported for 

Presbytis entellus. There appears to have been confusion over the 

definition of types of tree exudate and it seems likely that some of the
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published observations of langur 'sap 1 consumption are in fact gum. Ripley 

(1970) noted Singalese entellus feeding on 'sap' of Chloroxvlon swietenia 

(Meliaceae), Eleodendron glaucum (Celsatraceae), Sterculia foetida and 

Lannea coramandelica. Starin (1978) observed Gir langurs feeding on 'sap' 

from T.bailerica and Acacia cathechu (Mimosaceae). Oppenheimer (1977) 

recorded 'sap' feeding at Singur from species of Anacardiaceae and at 

Jodhpur from trees of Ascelapedaceae and Leguminosae , Hrdy (1977b) 

observed langurs at Mount Abu feeding on the 'neera' sap of a palm 

(probably Borassus flabellifer L) issuing from wounds in the bark cut by

local people. However, at none of these sites does plant exudate feeding
a 

appear to be as important.part of the diet as it was in Kanha.
A

Gum feeding has been reported as a dietary component for a 

wide range of primates from Galagos to chimpanzees (Pan troglodytes). 

Resin feeding is in contrast very rare, perhaps as a consequence of 

problems in digesting a water insoluble substance. Gum appears to be a 

major food source for several of the smaller primates belonging to the

genera Cebueiia, Callithrix, Galago, Euoticus, Perodicticus, Microcebus
e and Phaner (Coimbra-Filho & Mittermeir 1977). Some marmoset and bushbaby

^^talMMMABMh^dtt- ^

species appear to be specialist gumivores and have a dentition adapted for 

gum foraging and the induction of gum flow (Bearder & Martin 1980). The 

more facultative gum feeders do not show anatomical adaptation and do not 

generally cause gum production by biting through the bark. In these 

species gum feeding is more opportunistic, taking advantage of production 

resulting from mechanical damage or injury. Langurs in Kanha belong to the 

latter category of non-specialist opportunistic gumivores. They exploit 

gum flowing as a result of damage to trees by people, animals, mechanical 

injury and natural pores. Although langurs were occasionally observed to 

stimulate gum flow, new sites were not created.

In general, gums consist of polysaccharide carbohydrates
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with small quantities of fibre, protein and minerals, with when moist a 

consistency similar to treacle or toffee. Anderson & Hendric (1973) found 

that Lannea coramandelica gum was composed of 70 % galactose, 11% 

arabinose, 2% rhamnose and 17 % uronic acid. Anderson & Bell (1974) found 

a similar composition for Terminalia tomentosa^ Gum from the other Kanha 

trees does not appear to have been analysed.

Gum is a predictable source of easily harvestable, high

energy content food, probably relatively free of plant secondary compounds 

but low in protein. The large peak in Lannea gum consumption in April 1981 

during a period of low gum availability may be related to the properties 

of the exudate as a quick, high energy food source. During April, "C" had 

numerous stressful contacts with the "Q" all-male band which resulted in 

infanticide, takeover and the disruption of feeding and ranging (see 

Chapter 6). Energy requirements may have been high owing to the highly 

energetic encounters between the two groups. Females with infants were 

unable to feed for long periods owing to their apparent hiding from the 

band males. Therefore, the high level of feeding on gum, a high energy, 

but low protein, readily harvestable food, may have been to offset dietary 

disruption.

As gum was largely consumed from trees in dry deciduous

forest on the chattans and not in the sal forest, gum feeding may be more 

frequent in hill forest langurs, which have access to a larger number of 

gum trees. The restriction of gum trees to the chattans, with many other 

important food species, may make the rocky outcrops very valuable feeding 

sites. It may explain the central position of Kuloo chattan within the 

exclusive area of "C"'s range.
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9.6 INSECTIVORY.

9.6.1. INVERTEBRATE FEEDING : OBSERVATIONS.

The consumption of invertebrates by "C" langurs showed 

pronounced seasonal variation (see Fig 9.9) with a sudden dramatic 

increase in the proportion of time spent feeding on this category in July 

and a subsequent decline during the winter. Langurs fed on only a limited 

range of invertebrates. As the species consumed were characteristically 

found at high density, it was usually relatively straightforward to 

identify the taxa involved and langurs spent little time searching. The 

major component of the annual animal diet was cercopid bug nymphs 

('cuckoo-spit bugs' ) which were taken in July only, from the mature leaves 

of the following species :

Bauhinia vahlii Emblica officinalis

Ficus arnottiana Ficus tomentosa

Grewia tilaefolia Lagerstroemia parviflora

Semecarpus anacardium Stereospermum saeveolens

Tectona qrandis Terminalia tomentosa

The nymphs were ingested direct from the mature leaf by 

being licked off with most of the encompassing froth. A sign of recent 

langur cercopid feeding was a coating of this froth on their facial hair. 

An adult cercopid collected from amongst nymphs on F.tomentosa was 

identified as Tylus nebulus. Nymphal cercopids were only observed in July.

The second most important insect group were lepidopterous 

larvae which were also most common in the monsoon. Feeding on them was 

observed from July to January (excluding December). Langurs of "C" were 

noted to feed on caterpillars from the following tree and shrub species :
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Bauhinia retusa Cassia fistula 

Diospyros melanoxylon Flamengia semilata 

Holarrhena antidysenterica. Lannea coramandelica 

Ougenia dalbergioides Saccopetalum tomentosa 

Schleichera oleosa Semecarpus anacardium 

Shorea robusta Syzygium cumini

A caterpillar collected from C.fistula, thought to be of 

the same species as fed on by langurs, was reared and the resulting imago 

was identified as a Catopsilia pomona (Pieridae). During caterpillar 

foraging langurs showed three characteristic behaviours :

I/ In B.retusa and C.fistula langurs occasionally sat and visually scanned 

the canopy, looking for larvae and turning leaves over to inspect the 

underside.

2/ The larvae living on Semecarpus trees bound 3-6 leaves together, 

forming a shelter. Langurs would frequently inspect these constructions 

and pull them apart to feed on the caterpillars.

3/ Some larvae would, on being disturbed by a foraging langur, wriggle 

violently and fall off the leaf, presumably as an escape response. Larvae 

on B.retusa would, on being disturbed, drop from the leaf 2-4 feet and 

hang motionless on a fine silken thread anchored to the leaf. Langurs were 

occasionally seen to defeat this strategy by hauling the larvae up by the 

thread, hand over hand.

It was thought likely during fieldwork that most of the 

unidentified invertebrates were also lepidopterous larvae. A variety of 

other invertebrates were also seen to be eaten. In July a juvenile female 

fed on two legs of a green Heteropoda species of spider. In May and June 

1981 langurs wereoccasionally seen to feed on the scale insect 

Perrisopneumon ferox. This species was extensively eaten by "B" troop in
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June 1980 from Lagerstroemia trees and the ground below. On 14 June 1980, 

after the emergence of alate termites from termitaria, an infant-two of 

"B" was seen to stand bipedally and catch, by clapping its hands together, 

a large flying termite which it ingested, probably after having removed 

the wings. At the onset of the monsoon enormous numbers of termites emerge 

from the ground but these swarms were not seen to be exploited by langurs. 

On two occasions in Ocober 1981 langurs were seen to orally squeeze and
A

suck at cocoons (probably of saturnids ) picked from Syzygium canopies.
t 

Inverebrates, especially solitary Hymenoptera, were inevitably consumed
A

while feeding on Ficus figs.

9.6.2. INVEREBRATE FEEDING :DISCUSSION.

Other studies have also shown that langurs occasionally eat 

invertebrates. For example, Yoshiba (1967) reported consumption of 

termites, gall larvae from T.tomentosa and caterpillars from Tectona. 

Oppenheimer (1978) noted ant consumption and Rahman (1974) pupae. Ripley 

is reported by Roonwal & Mohnot (1977) to have observed langurs feeding on 

spiders'webs. Gokulpura, Mehra and Krishaswami(1963) found that langurs 

did considerable damage to lac crops by feeding on lac insects (Carteria 

lacca) and the encrustations they produce. In none of these studies, nor 

in Hladiks (1977) work, did insects have the dietary importance that they 

had in the early monsoon in Kanha. No other types of animal matter were 

observed to be eaten, apart from one occasion in which a langur gnawed a 

chital vertebrum. Rahman (1974) observed langurs feeding on birds eggs.

The seasonal cycle of invertebrate feeding, with the

majority confined to the monsoon, probably reflects seasonal variation in 

insect abundance. During the hot weather insect density was low and 

suddenly increased with break of the monsoon. The concentration of insect 

feeding at the beginning of the rains probably reflects langur feeding on
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the early and more sedentary life history stages.

Both the major components of the animal diet, cercopid

nymphs and lepidopterous larvae/ occurred at high density and were easily 

harvested. Most of langur insectivory involved taking items from leaf 

surfaces and in terms of foraging behaviour was analogous to feeding on 

small foliar items such as leaf buds. Langur insectivory differs 

substantially from the behaviour shown by the more omnivorous 

cercopithecines, such as the mangabey, which spends considerable search 

and handling time in examining and pulling apart moss, epiphytes, dead 

wood and bark (Waser I977a). These primates employ a more specialized 

strategy, qualitatively different to the approach they use when feeding on 

foliage. Langurs do not appear to have adopted such a strategy but feed on 

insects only when they occur in abundance and as if they were small plant 

parts.

Langurs of "C" tended to concentrate insectivory on only a 

relatively few trees, which is likely to have had profound consequences 

for the population dynamics of the insects and their relationship to their 

host. Langur predation on cercopids from F.tomentosa and F.arnottiana and 

caterpillars from B.retusa and Semecarpus was especially intensive and 

restricted to a few trees on which insect density was high. It seems very 

likely that such predation is a major influence on the population dynamics 

of the prey species and may reduce invertebrate defoliation on some tree 

species.

In a year-long study of Presbytis johnii in the Western 

Ghats only one instance of animal predation was seen, a stick insect

(Dates et al 1980). The Malayasian P.melalophos and P.obscura apparently
t 

do not feed on invertebrates (Curtin 1980). No inverebrate food in the
A

diet of wild P.senex appears to have been recorded (Roonwal & Mohnot 

1977). Of the African colobines none appear to be as insectivorous as
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P.entellus. Insectivory was not recorded in C.satanas (McKey 1978), 

C.guereza (Oates 1977a) or C.badius (Glutton-Brock 1975a, Marsh 1981c). 

However, Struhsaker (1975) found that, although actual observations of 

C.badius eating insects were rare, it was suspected in 'innumerable cases' 

but was under-estimated due to observation difficulties. Unlike langurs 

they did not feed on high density aggregations of invertebrates, but spent 

considerable time searching leaves and dead wood.

In contrast to colobines, cercopithecines such as

Cercocebus albigena spent 26 % of scan records feeding on invertebrates 

among moss, epiphytes and dead wood, taking very few items from leaf 

surfaces (Waser 1977a). Rudran (1978) found that inverebrate food 

constituted nearly 20 % of the blue monkeys (C.mitis) feeding time but 

most items were removed from leaf surfaces.

Therefore, Kanha langurs are the most insectivorous

colobines studied to date. The insectivory is highly seasonal and in terms 

of time spent feeding, langurs take considerably less animal food than 

cercopithecines. Perhaps the rarity of insectivory among colobines is 

related to the specialized cellulytic digestive system, which may have 

difficulty coping with a large intake of animal protein.

9.5. DRINKING

Langurs were observed to drink water from streams, pools, 

concave leaves and once from a bole cistern. They drink in a crouched 

position, bringing lips directly to the water surface as described by 

Roonwal & Mohnot (1977). They were never seen to lick water from foliage 

or fur. Drinking was recorded opportunistically whenever observed and its 

frequency per day, from the 12 days of follows per month, is shown in Fig 

9.19. Drinking was recorded if one or more members of "C" were seen to 

drink. It is very unlikely that drinking from streams was missed because
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of good visibility. However, drinking from small forest pools in the 

monsoon was probably underestimated. The results suggest that drinking was 

most frequent in the monsoon and least frequent during the hot weather. 

This seasonal variation is counter-intuitive; drinking would be expected 

to be more frequent in the hot, dry summer than the wet, humid monsoon. At 

least two factors could account for this. Firstly, the frequency of 

drinking may not reflect the volume of water intake. With the abundance of 

standing water in the monsoon, langurs may drink small quantities 

frequently, whilst in the hot weather they could drink large amounts 

infrequently. Secondly, diet may be important. The water content of items 

consumed in the hot weather, mainly flush and fruit, is probably 

considerably higher than that of the monsoon diet of mature leaves. 

Dietary water may therefore fulfil most requirements in the summer but 

not in the monsoon. It is also possible that metabolic requirements may be 

increased in the monsoon, if the digestion of mature leaves requires 

larger amounts of water than other items.
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ECOLOGY : SUMMARY.

I/ The proportion of time "C" troop spent feeding on items and species was 

estimated from seven days of dawn-dusk follows per month,during which the 

troop was scanned every half hour.

2/ In the annual diet mature leaf constituted 34.9%, young leaf 3.6%, leaf 

bud 2.8%, open leaf bud 7.9%,petiole 2.4%, flowerbud 6.6%, flower 2.9%, 

fruit 24.5%, gum 1% and invertebrates 2.8%. The food item was unrecorded 

in 6.8% of observations. During scans "C" fed on 53 of the 68 species of 

tree and climber present. The top 12 food species contributed 70% of the 

annual budget; Pterocarpus contributed 12.23% and Shorea 12.08%. The top 

species-specific item was Pterocarpus mature leaf. H' was 3.157 and 13.2% 

of feeding records were terrestial. Bias, resulting from differential
A

visibility of animals whilst feeding in different species was tested for 

but concluded to be unimportant.

3/ There was considerable variation between monthly feeding budgets. J.n 

the hot weather reproductive items predominated, whilst mature leaf 

dominated the winter diet. During the monsoon, fruit, mature leaf and 

invertebrates were important. Monthly statistics of diet overlap and 

diversity were calculated. No one species was important in all months but 

Shorea was important in most months.

4/ Selection ratios demonstrated that langurs did not utilize tree species 

in proportion to their abundance. Significant positive linear correlations 

were found between the monthly phytophase availability index and monthly 

consumption of fruit, flowers, flowerbuds and open leaf buds. A positive 

curvi-linear relationship was found for mature leaf.

5/ Gum was eaten from ten tree species (61 trees), from sites produced by 

natural mechanical and animal damage, with a frequency of 0.45 bouts/day. 

Lannea coramandelica was the most frequently utilized species. No clear 

relationship was found between gum availability and its consumption.
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Langurs were concluded to be non-specialist opportunistic gumivores,
rt

occasionally stimulating gum flow but not creating new sites. The high 

level of gum feeding in April was suggested to be an attempt to offset the 

dietary disruption resulting from infanticidal attacks by "Q" band. Gum 

consumption was largely restricted to the mixed forest patch, emphasising 

the importance of chattans in feeding ecology. 

6/ Insectivory, predominant^ly lepidopterous larvae and cercopid nymphs,
Y

mostly occured in the monsoon. It was highest in July when insect feeding
A

accounted for 24.9% of the budget, probably owing to the peak in 

abundance of immobile, immature invertebrates after the break of the 

monsoon. Langurs, in contrast to the more insectivorous cercopithecines, 

fed on insects by using similar behaviour to that employed when feeding on 

small plant parts and did not show specialized searching behaviour. The 

low level of insectivory among colobines generally may be related to their 

specialized digestion.

7/ Drinking frequency was higher in the monsoon than in the hot weather, 

perhaps because the measure does not reflect volume intake or because of 

dietary differences requiring higher water intake in the rains. Geophagy, 

mostly of termite-reworked soils was, contrary to a prediction of the 

tannin binding hypothesis, not associated with a high level of mature leaf 

in the diet.

8/ Langur digestive specializations do not appear to require a narrow diet 

but permit seasonal subsistence on large quantities of mature leaf. 

Aspects of food choice and leaf chemistry are discussed. The consequences 

of langur dropping of vegetation for obligate terrestial herbivores are 

noted. Langur-mediated plant dispersal is restricted to a few tree species 

and one of the most important mechanisms is probably through the 

'gleaning' of dropped seeds by jackals. 

9/ It is suggested that, of the tree species present, the felling of those



360

utilized with the highest selection ratios would have the greatest effect 

on langur feeding. Observations suggest that langurs significantly deplete 

certain tree species of leaves, flowers and fruits. Langur feeding on 

Mallotus open leaf buds appeared to stimulate further 

production,maintaining the bush in perpetual flush. 

10/ Although not possible to objectively identify a season of food 

shortage it is suggested that the hot weather diet is energetically rich 

but poor in protein, whilst the monsoon and winter diet is proteinaceous 

but energetically poor.

ll/ Other Hanuman langur studies agree that whilst primarily a folivore, 

fruit is also important and is seasonally a prime food. This species has 

one of the most diverse, frugivorous and insectivorous diets of any 

colobine but is relatively folivorous in comparison to most 

cercopithecines. The absence of a year-round staple food species in Kanha 

langurs, in contrast to East African colobines, may result from the 

pronounced seasonality in central India.
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FIG 9.1 MONTHLY VARIATION IN FEEDING BUDGET, BY ITEMS. 

Symbols as below. N=6787
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FIG 9.3 TEST FOR ASSOCIATION BETWEEN FOOD SPECIES AND 

VISIBILITY. For ten species most important in the diet 

of three months, (see text for details)
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FIG 9.4 RATE OF INCREASE OF TREE SPECIES RECORDED AS FED UPON

BY "C" TROOP WITH ACCUMULATION OF OBSERVATION TIME. April 1981-March 1982
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FIG 9.6 % FEEDING TIME FOR TEN MOST FED UPON SPECIES IN EACH

MONTH AND FOR ANNUAL FEEDING BUDGET. 

(Scale for all months as October)
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FIG 9.8 SINGLE LINKAGE DENDROGRAM OF % MONTHLY DIET OVERLAP.

Data in Appendix V. For item diets and species specfic diets 

a) Species specific items. 
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FIG 9.9 MONTHLY VARIATION IN % OF TIME SPENT FEEDING ON 

INVERTEBRATES, PETIOLES AND STEMS.
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FIG 9.10 MONTHLY VARIATION IN % OF TIME SPENT FEEDING ON GUM, 

EARTH , BARK,HERB AND SEED.
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FIG 9.12 RELATIONSHIP BETWEEN ITEM AVAILABILITY AND 

UTILIZATION FOR MATURE LEAF, YOUNG LEAF, LEAF BUD. 

Comparison of monthly item feeding budget and monthly 

availability index for April 1981-March 1982 (see text)
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FIG 9.13 RELATIONSHIP BETWEEN ITEM AVAILABILITY AND 

UTILIZATION FOR FLOWERBUD,FLOWER AND FRUIT. 

Comparison of monthly item feeding budget and monthly

availability index for April 1981-March 1982 (see text) 
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FIG 9.14 RELATIONSHIP BETWEEN ITEM AVAILABILITY AND 

UTILIZATION FOR OPEN LEAF BUD.

Comparison of monthly item feeding budget and monthly 

availability index for April 1981-March 1982 (see text) 
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FIG 9.15 COMPARISON OF MONTHLY PATTERNS OF UTILIZATION AND 

AVAILABILITY FOR THREE TREE SPECIES SPECIFIC ITEMS. 
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FIG 9.16 COMPARISON OF MONTHLY PATTERNS OF UTILIZATION AND 

AVAILABILITY FOR THREE TREE SPECIES SPECIFIC ITEMS. 

(— — — — ̂ utilization, ————. =availability)

a) Ficus arnottiana mature leaf
20

Q)a

c•H 
13 
Q) 
0)

0\° 0
A M J 

Month

JASON D

2

0
M

X
0) 
Ti 
C •H

-P
•H

X} 
rd

b) Ficus tomentosa fruit

10

8

Q) 
S •H

tr«

CD 
0)

o\o 0

A M 

Month

A O N D

0

M

X 
Q) 

T5 
C -H

•rH

5•H 
rd

c) Ficus infectoria fruit

0)
E-H
-P

Cn 
C-H 

T3
Q)
OJ 

M-l

IW 
O

o\°

A M J J M



§ ta

me
an
 
# 

of
 
o
b
s
e
r
v
a
t
i
o
n
s
 
p
e
r
 
da
y 

o
 

i-»
 

o
 

i-»
 

o
 

»-»

CO o o

Hi

3
O G

o

(D

g
u
m
 
a
v
a
i
l
a
b
i
l
i
t
y

o
O

me
an
 
# 

of
 
o
b
s
e
r
v
a
t
i
o
n
s
 
pe
r 

da
y

NJ
 

UJ
 

O
 

tO
 

£>
 

<T
> 

CO

gu
m 

a
v
a
i
l
a
b
i
l
i
t
y

o PJ

^3
 

1-3
 

ftf
 

5;
 

hh
 

fD
 

PJ
 

O
 

CT
 

PJ
tr

 
rt 

s 
H-

 
—

 
—

 
—

 
--

'—
' 

—
II 

II 
ll 

rt y
(̂D H! 3 V-

1 - 3 PJ M H
-

&) tr PJ H
1

(D hi H
-

O P)

»-3 (D M 3 H
-

P P) M H
-

PJ rt O 3 (D P rt O w P)

T) ft
 

W
fD

 
H

-
M

 
P

O
 

vQ
O

 
M

PJ
 

(D
H

i
•D

 
O

c 
cr

Q O H! Ch H
- P) 3 X̂ PJ

w 
w (D

3
 

H
i

P) 
<

H
i 

(U

n o H; & H
-

P) M PJ rt H
-

H
i

0 M H
-

PI
w 

rt
C

 
H

-
tJ

 
0

H
- 

P

> 3 O uQ 0) H
- cn en C in (_
i

P) ft H
-

H
i

O

ro c: o ^r PJ p PJ p H
-

PJ H
1

PJ P N

CO rt 0) H
i

O c I-1 H
-

PJ Ci Hi fD P CO
PJ P

M H
-

PJ
C

 
W

tr
1

PJ D P 0) PJ 0 0 H; PJ 3 PJ P & fD M H
-

O PJ

3
PJ o s: fD

M Q
 

G O s 2!
 

M CO
 

•x)
 

H n H td CO

-o o o CO o O H tr
1

H
3 H
 

O D H
 

IT
"

H tr1 H O
CO ^o Ln

O
 

H
i



376

FIG 9.18 SKETCH OF A LANNEA CORAMANDELICA TREE SHOWING 

THE LOCATION AND TYPE OF GUM SITES AT WHICH 

LANGURS FEED.
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TABLE 9.D. SUMMARY OF INTERMONTHLY VARIATION IN 
INDICES OF FEEDING BUDGETS.

Diet overlap
Month 
APRIL
MAY
JUNE
JULY
AUGUST

OCTOBER
NOVEMBER
DECEMBER
JANUARY
FEBRUARY
MARCH

% feed 
19.7
12.9
12.6
22.4
27.4 
29.9 
42.6
42.8 
38.6 
23.1
19.2
17.5

H' Spp 
2.671
2.616
2.134
2.905
2.572 
2.848 
1.724
2.314 
2.209 
2.359
2.716
2.151

H' item 
1.982
1.146
0.975
2.068
1.794 
1.807 
1.191
1.161 
0.877 
1.508
1.855
1.607

# trees 
49.6
42.0
41.2
50.2
60.4 
48.0 
31.0
34.0 
28.8 
33.0
43.2
48.8

# spp 
24
27
22
34
27 
30 
24
22 
21 
22
28
18

Item 
4O.67
4O.28
42.12
45.48
53.87 
54.38 
48.46
52.63 

48.85
51.50
31.50

Spp 
15.9
19.3
17.1
21.0
22.4 
30.5 
21.4
32.3 
32.0 
30.5
26.0
15.0

MEAN 25.7 2.435 1.498 42.5 24.9 46.10 23.62 
± S.D. 10.7 0.347 0.413 9.5 4.4 6.83 6.43

Abbreviations:
% feed = Number of feeding records as a percentage of total number

of records collected per month. 
H f spp = Shannon-Wiener index of diversity for species & item feeding

budget. 
H' item = " " " " " " item feeding budget.
# tree = mean number of trees troop fed in per day.
# spp = mean number of tree species fed in per day. 
Overlap
Item = mean percentage overlap of month with other 11 months by food 

items.
= " " " " " " " " " " food

items and species.
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CHAPTER 10 ECOLOGICAL INTER-RELATIONSHIPS. 

10.1 INTRODUCTION.

In this final chapter an attempt is made to integrate 

some aspects of langur activity, ranging and feeding patterns to look 

for significant inter-relationships and to try and tease cause from 

effect.

A major aim of field primatology has been to generate and 

test hypotheses seeking to explain the relationship, if any, between 

habitat, social organisation and ecology. The adaptive significance of 

the enormous range of primate social structure, both within and between 

species, and the importance of phylogenetic inheritance is still not 

clear, but understanding has increased considerably since the 

speculation began. This understanding has accumulated through a series 

of theoretical and field work papers, many of which are found in Sussman 

(1979). With the acquisition of further field studies, the emphasis in 

the early papers on gross differences in feeding ecology and habitat 

(Crook & Gartlan 1966, Jolly 1972, Crook 1970, Eisenberg et al 1972) has 

been replaced by a realisation that finer ecological differences are 

important (Clutton-Brock 1974a, Hladik 1977, Clutton-Brock & Harvey 

1976,1977). The early reviews correlated 'grades' of diet and habitat 

with social structure but the expansion of field studies subsequently 

brought such broad relationships into question; in particular by 

documenting the natural history of previously unstudied rainforest 

primates. It was noted that phylogenetic inheritance is likely to 

restrain possible adaptation and that gross habitat types such as 

'forest' encompass a multitude of different environments, differing 

widely in structure and in the spatial and temporal distribution of food 

resources. Diet distinctions, such as frugivore or folivore also include 

much potential variation. At the other side of the equation it was noted
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that similar broad categories of social structure may, although 

superficially equivalent, be very disparate with respect to social 

change and selective pressures acting on individuals to form societies. 

For example, multimale groups in langurs, gorillas and lemurs may 

diverge widely in detail and have arisen for quite different reasons.

With the shift in emphasis from gross to fine

distinctions the focus of fieldwork on terrestial savannah primates gave 

way to more studies on arboreal forest monkeys and apes. The 'fine' 

approach can be illustrated by Glutton-Brock's (I974a) hypothesis 

linking differences between sympatric red and black & white colobus 

social organisation with the spatial and temporal distribution of food 

trees and the quality of the diet. On a larger scale the 'grade' 

approach of Crook & Gartlan (1966) has been expanded into a more 

objective continuum by Milton & May (1976) and Glutton-Brock & Harvey 

(1977). They examined correlations between variables such as range size, 

density, sex ratio and diet type over a large range of species. For 

example, body weight was found to be larger for folivores than 

frugivores, range size was related to group weight and monogamy was 

largely restricted to territorial species living at low density. Sex 

ratio differences and the unimale-multimale distinction defied 

explanation.

Recently, investigations have more specifically attempted 

to unravel the relationship between ranging patterns, diet and habitat. 

Such information may also indicate the adaptive significance of 

different social structures (Marsh 1981b,McKey & Waterman 1982). These 

studies have usually employed a grid system in which the animals are

sampled for a run of dawn to dusk follows every month, for a year, using
v 

scan recording (e.g Glutton-Brock 1972, Stuhsaker 1975, Waser I977a,
^

Marsh 1978, McKey & Waterman 1982, Gates 1977a, Harrison 1983a).
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Intuitively, food would seem likely to be important in determining 

ranging patterns; three main types of methodology have been used to test 

for any relationship (Marsh 1981b). Firstly, spatial variation in food 

sources has been analysed with respect to the annual group ranging 

pattern e.g. Glutton-Brock (1975b), Marsh (19811)), Harrison (1983a). 

Secondly, association between temporal variation in diet and food 

availability has been tested for e.g. Marsh (1981b), Struhsaker (1974), 

Harrison (1983a). Thirdly, intra-specific variation in ranging, feeding 

and habitat has been compared between groups e.g. Richard (1977), 

Freeland (1979), Marsh (1981b). Food is not the only, nor aessarily the 

most important determinant of ranging pattern. Factors such as other 

groups (Struhsaker 1975), water (Altmann & Altmann 1970,Harrison 1983a), 

predators (Altmann & Altmann 1970), disease (Freeland 1979,Coelho et al

1977), weather (Chivers 1974,McKey & Waterman 1983), sleeping sites 

(Harrison 1983a) and habitat stucture (Gautier-Hion et al 1981) have 

been implicated as determinants of ranging patterns for a wide variety 

of primates. What are the important variables for langurs ? Here, 

temporal and spatial variation in troop diet, vegetation, inter-group 

relations and ranging will be explored, looking for biologically 

significant relationships. Correlates of intra-specific variation at the 

level of populations or groups, as exemplified by red colobus (Marsh

1978) cannot be examined in langurs, as the ecological data are not 

available. Previous langur research has concentrated on social 

structure, reviewed in Chapter 6, but was carried out without concurrent 

examination of ecology. Inter-colobine variation is briefly discussed in 

each chapter but detailed analysis is beyond the scope of this study. 

However, such investigation may be premature; out of some 24 extant 

colobines, there appear to be comparable detailed studies using grids 

and scan sampling for only six and six species remain almost totally
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unknown.

A recurring hypothesis in primate ecology has been the 

prediction that both large group and range sizes are associated with

clumped, temporally and spatially variable food sources (Chalmers 1979).
\ > 

Ephemeral items such as flush and reproductive plant parts tend to be

available for brief periods and occur in clumps, widely dispersed 

through the forest. Sufficient food can only be harvested by a 

widespread and diverse ranging pattern. In contrast, when feeding on 

items such as mature leaf the food supply is omnipresent and available 

throughout most of the year. A widespread diverse, ranging pattern would

be not be required and would result in higher energy costs, which may be
on 

especially important when feeding A such a low energy content food.

Similar considerations predict that for foragers of ephemeral items it 

should be most advantageous to live in large groups, whereas exploiters 

of adundant, predictable items should form smaller aggregations 

(Glutton-Brock 1974a,1975b, Chalmers 1979). Examples of inter-specific 

and intra-specific variation in agreement with these predictions are 

known for Asiatic and African colobines and Malagasy lemurs (Glutton- 

Brock 1974a,1975b, Hladik l975,Sussman 1977). Similar associations 

between social organisation and diet have been documented for grazing 

and browsing African ungulates and graminivorous and insectivorous birds 

(Glutton-Brock 1974a). If such a relationship is applicable for Kanha 

langurs, we would predict that range size would be smaller when feeding 

on mature leaf than when foraging on flush and reproductive plant parts.

10. 2 METHODS.

The data used in this chapter are taken from the relevant 

preceeding chapters: climate (Ch.3), vegetation structure and phenology 

(Ch.5), activity (Ch.7), ranging patterns and inter-group encounters
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(Ch.8) and feeding budgets (Ch.9). All the data used in 10.4 will be 

found in the appropriate chapter or Appendix V. The discussion is 

considered in the same section as the results. The biological 

significance of relationships, tested by Spearman rank correlation

coefficients, are discussed and the probable direction of cause and
be 

effect considered. Considerable care has toAexercised when imputing

causality from such analysis (Sokal & Rohlf 1969) and it can only be 

tentative and speculative. The confirmation or otherwise of these 

associations will have to await the collection of comparable inter- 

population data.

10.3 SPATIAL VARIATION.

In Chapter 9 temporal variation in the consumption of 

certain dietary items was found to be closely related to their 

availability. We might also predict that the differential use of 

quadrats is related to spatial variation in food source distribution. 

Using the total enumeration of trees per quadrat in "C'"s annual range 

(see Chapter 5) and quadrat utilization for the twelve months combined 

(see Chapter 8), this relationship can be tested by a method developed 

by Clutton-Brock (1972,1975b) and Marsh (1981b). Correlation 

coefficients were used to test for the association between the % of 

occupancy records per quadrat and the area at breast height (hereafter 

'ABH') for each tree species, for each quadrat. Two sets of tree species 

were used: a/ the top ten tree species ranks in the annual budget in 

terms of feeding time and b/ the top ten species ranks in the annual 

budget in terms of selection ratio (see Chapter 9). The correlation 

coefficients for each set of trees are tabulated below t
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a/ Feeding time rank

Rank Species

1 Pterocarpus m.

2 Shorea r.

3 Bauhinia r.

4 Anogeissus 1.

5 Saccopetalum t.

6 Emblica o.

7 Terminalia c.

8 Syzygium c.

9 Ficus a.

10 Lannea c.

b/ Selection ratio rank.

r Species rs B

0.212** Anogeissus 1. 0.268**

0.264** Bauhinia r.

0.281** Ehretia 1.

0.184** Ficus a.

0.376** Emblica o.

0.281**

0.139

0.268** Pterocarpus m. 0.212**

0.186**

0.376**

0.160 Saccopetalum t. 0.184**

0.253** Madhuca i. 0.192**

0.186** Lannea c. 0.201**

0.201** Terminalia t. 0.221**

** =. p<0.01 / N=255]

Quadrat utilization was significantly and positively 

correlated with the abundance of nine of the feeding time species set 

and also with nine of the selection ratio set (seven species were shared 

between the two sets). The strongest relationships were with the 

abundance of Emblica and Bauhinia retusa. However, there may have been 

considerable inter-correlation amongst these trees, especially those 

which tended to clump about the chattan (see Chapter 5). It is therefore 

possible that many of the above correlations are spurious if langur 

ranging pattern was strongly determined by one species, which happened 

to be associated with others. However, none of the correlation 

coefficients calculated between the trees in b/ above were significant 

(P>0.05). A multiple regression analysis (Snedecor & Cochran 1967) was 

run on MINITAB (Ryan et al 1981) with quadrat occupancy as the dependent 

variable and ten independent variables- the ABH per quadrat for the top 

ranking species by selection ratio (set b/ above). The regression was
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significant (F=42.29,df=lO & 214,p<0.01) and explained 66.4 % of 

variability in quadrat use. The first variable selected was Anogeissus 

( t)i=0'0172,t=4.75,p<0.001), accounting for 24.78 % of variation in range 

occupancy. Significant partial regression coefficients were found for 

all species except Ehretia. Together Anogeissus and Bauhinia retusa 

explained 40.3 % of variation. Therefore, the multiple regression 

confirms the results of the original correlation analysis and the order 

of importance of tree species in explaining quadrat occupancy was 

similar between the two methods. It suggests that all of the tree 

species with high selection ratios, apart from Ehretia, are related to 

langur ranging pattern independently of each other.

It is also possible that range utilization was related to 

the lumped frequency of occurence of food trees (Glutton-Brock
A

1972,Marsh 1981b). To test for this, the correlation coefficient between 

range occupancy and the ABH for the top rank species was calculated and 

then for species successively combined in descending rank order. Both 

tree sets a/ and b/ ranked on importance in terms of feeding time and 

selection ratio were used. The coefficient for the cumulative combined 

abundances of tree species is shown in Fig 10.1. For the set of trees 

ranked by feeding time, utilization was significantly related to the 

lumped frequency of all cumulative combinations of tree species with,

after the addition of three species a very gradual increase in r . Range/ s

utilization was also significantly correlated with accumulated tree 

abundance when species were ordered by descending selection ratios. The 

relationship was stronger than for the set ranked by feeding time and

the rate of increase in r with the accumulation of species was higher.s
The above analysis provides evidence that the 

intensity of use of the annual range by langurs was related to the 

distribution of food sources. Furthermore, the relationship was stronger
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for the highly selected species than for those most fed upon. It is 

possible however, that such relationships could arise simply by the 

animals selecting quadrats with abundant tree growth as found for red 

colobus by Marsh (I981b). To examine this relationship, quadrat 

utilization was tested against the total ABH for all species (50) per

quadrat. A significant correlation was found (r =0.34O,df=253,p<0.01).
s

This suggests, as shown in 8.3.2 that langurs select for forest and 

against meadow quadrats. The substantially higher coefficient for the 

correlation of range use with the distribution of the top 10 species, in 

terms of selection ratio, as opposed to all species combined suggests 

that ranging patterns were related to the distribution of these species 

rather than to the forest as a whole. The consistently lower coefficient 

for species, important in terms of feeding time, than the coefficient 

for species important in terms of selection ratio suggests that of the 

food trees those highly selected for are the most important in 

influencing ranging patterns.

A complication, noted by Glutton-Brock (1972), is that 

the above result could be interpreted in at least two ways : 

a/ the distribution of trees determined the pattern of range use. 

b/ the pattern of range use was determined by another factor and the 

troop fed heavily on the trees present in those quadrats occupied.

If "C" troop preferred the chattan quadrats (see 8.3.2) 

for reasons unconnected with food (such as predation risk, water or 

sleeping site availability) and fed on trees which were within them we 

would expect selection ratios within such quadrats to be inconsistent 

and dissimilar to ratios calculated across the entire annual range 

(Glutton-Brock 1972,1975b). This relationship can be tested for using 

the method of Glutton-Brock (1972 ) in which the rank of species 

selection ratios (see 9.3.3) within quadrats is examined. For the top
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ten species, ranked in descending order of importance of selection ratio 

calculated across the annual range (hereafter 'range selection ratios'), 

the selection ratios were estimated for each quadrat (hereafter 'quadrat 

selection ratios' ), except those negatively numbered. This was achieved 

by dividing the number of feeding records for each species in each 

quadrat by the ABH for each species in each quadrat. In the matrix of 

Table 10.A species are ranked in descending order of range selection 

ratios. In a/ the number of quadrats in which the quadrat selection 

ratio of species exceeded the quadrat selection ratio of species (when 

both species present in the quadrat) is tabulated. In b/ the number of 

quadrats is shown in which the quadrat selection ratio of species 

exceeded that of species (when both species present in the quadrat).
Jx

For example, in two quadrats the Anoqeissus quadrat selection ratio 

exceeded that of Bauhinia and in one quadrat the same measure for 

Bauhinia exceeded that of Anoqeissus.

As Clutton-Brock (1972) states, if range selection ratios 

were not consistent within quadrats, the quadrat selection ratio for 

each species would be expected to exceed that of other species in as 

many quadrats as it was exceeded by each species. Examination of Table 

10.A suggests that species with high ranking range selection ratios 

consistently exceeded the quadrat selection ratios of lower ranking 

species more frequently than they were exceeded i.e. high ranking 

species 'won' more frequently than they 'lost'. Therefore, quadrat 

selection ratios were consistently ranked in a similar order to range 

selection ratios, supporting the hypothesis that the distribution of 

food sources determined, in large part, ranging patterns.

Clutton-Brock (1972) found a similar association to that 

found here, between the spatial distribution of food trees in a 

Tanzanian forest and red colobus range use. Quadrat utilization was not
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significantly related to the abundance of any of the top ten food tree 

species (ranked in order of feeding time investment) when considered 

separately. Range use was, however, closely related to the lumped 

frequency of the top three species ranks. With the accumulation of 

successively less important species the correlation disappeared. 

Glutton-Brock (1972) also showed that, as here, animals selected food 

species in approximately the same order, within quadrats as they did 

across the entire range. Marsh (1981b) found that quadrat utilization by 

Tana red colobus was significantly correlated with quadrat-specific tree 

abundance for the top 2,3 and 4 ranks in the feeding budget. However, a 

strong significant correlation was also found between range use and the 

spatial distribution of all trees, whether food-providers or not. Marsh 

concluded that, at least for the most intensively used area of the 

range, utilization was related to the distribution of important food 

species but over the entire range, particular species may be less 

important than the rest of the species combined.

The two red colobus studies and the observations of Kanha 

langurs suggest a causal relationship between the spatial distribution 

of important food trees and ranging patterns. Additionally, this study 

suggests that the distribution of highly selected species is more 

closely related to ranging behaviour than the distribution of trees fed 

upon the most.
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10.4 TEMPORAL VARIATION.

In this section seasonal variation in ranging behaviour 

will be examined with respect to temporal variation in diet, activity 

and weather. In 9.3.4. it was shown that the consumption of fruit, 

flowers, flowerbuds and open leaf buds was probably related to their 

availability. In this exploratory analysis Spearman rank correlation 

coefficients were calculated for a selection of pertinent variables; a 

matrix of the coefficients is shown in Table 10.B using data extracted 

from Chapters 3,7,8,9. The actual values of significant (p<0.05) 

correlations included in the table have been omitted from the text, for 

the sake of clarity. A statement of a 'significant' relationship 

indicates statistical significance at the level of 5%. 

10.4.1 ACTIVITY, DIET AND WEATHER.

In Chapter 7, it was found that there was considerable 

inter-monthly variation in the proportion of time spent feeding, 

reaching a maximum in the winter. Intuitively, such variability may be 

related to diet composition, its quantity and quality. A significant 

positive relationship was found between the proportion of time spent 

feeding and the proportion of mature leaf in the diet (see Fig 10.2). 

Feeding time was significantly negatively correlated with leaf bud 

consumption and with young foliar and reproductive items combined 

( i.e.leafbuds,open leaf buds,young leaf,flower,flowerbud,fruit

r =0.664,p<0.05 ) but not with any other individual plant part, 
s

In comparison to leaf flush and reproductive items,

mature leaves although abundant and proteinaceous, are energetically 

poor and costly to digest (Marsh 1978). Thus, langurs may be expected to 

spend more time feeding when mature leaf dominates the diet in order to

eat sufficient to extract enough energy than when consuming
i f 

energetically concentrated items such as fruit or flush. Mature leaf may
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also require longer 'handling time', because it may need more 

mastication than less fibrous items. Thermoregulatory energy 

requirements are likely to be higher during the winter and monsoon 

months, owing to low night temperatures and wetting by rain.

Marsh (I981b) found a positive correlation between

proportion of time spent feeding and the level of leaf buds, but not 

mature leaf, in the diet of Tana red colobus. Richard (1977) and Smith 

(1977) found that feeding time was negatively correlated with the 

proportion of mature leaves in the diet of lemurs (Propithecus 

verreauxi) and howler monkeys (Alouatta palliata) respectively. Milton 

(1980) noted a positive relationship, though not significant, between 

allocation of feeding time on leaf and proportion of time spent feeding 

in howlers. Therefore, associations are inconsistent between and within 

species.

In this study consumption of mature leaf was negatively
« »

correlated with temperature, probably as a result of flush and

reproductive parts being abundant during the hot weather months. Mature 

leaf was less available during this season (se Chapter 5) but still 

present in substantial quantities. The disproportionately low level of 

utilization suggests that flush and reproductive items were 'preferred' 

items.

10.4.2 RANGING PATTERNS AND INTER-GROUP RELATIONSHIPS.

In Chapter 8 large seasonal variability was described in 

range size and frequency of inter-group encounters. The two measures are 

highly significantly positively correlated (see Fig 10.3).

Struhsaker (1974,1975) found a similar association

between encounter rate and quadrat utilization diversity (H') in red 

colobus and concluded that inter-group relations determined ranging
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patterns since their diverse diet released them from the influence of 

food distribution. Glutton-Brock (1975b,1977b) considered that an 

alternative explanation is more likely; that ranging diversity, related 

to the spatial and temporal distribution of food sources, determines the 

frequency of encounters i.e. a reversal of cause and effect. Struhsaker 

(in Marsh 1981b) has, however, defended his conclusion with 

circumstantial evidence suggesting that encounters did have an 

independent influence on ranging patterns. Should encounter frequency in 

"C" troop be regarded as a cause or an effect of ranging patterns ? The 

association between the temporal and spatial distribution of food 

sources with ranging patterns suggests that encounter frequency may be a 

consequence of ranging behaviour. The circumstantial evidence that some 

conflicts may have occurred over particular highly selected trees 

(Chapter 8) also indicates that high encounter frequency arose from 

widespread ranging patterns. An exception may be April when, as 

described in Chapter 6, it is likely that the presence of infanticide- 

prone ( "Q" ) males affected ranging behaviour. That the presence of

predators may occasionally affect movements is suggested by the
<

observation that the smallest daily range (13 quadrats) occured when "B"

troop was in the vicinity of an arboreal attack by a panther on a 

neighbouring troop.

In Chapter 8 a significant, negative association was

noted between encounter frequency and the proportion of mature leaf in 

the diet. This was interpreted as support for Harrison's (1983a) 

hypothesis that encounter frequency and intensity should be related to 

the symmetry of distribution of important food sources between the 

opponents'ranges. Encounter frequency was also significantly negatively 

correlated with dietary species-specific item overlap i.e. encounters 

were common in months when the diet was unusual, largely as a result of
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feeding on ephemeral items. This association may have l>een a consequence 

of these unusual items being highly sought after and widely distributed, 

engendering larger range size and bringing the troop into greater 

conflict with other groups.

10.4.3.DIET COMPOSITION AND RANGING PATTERNS.

As mentioned in the Introduction an oft-repeated

hypothesis has been that large range size is associated with temporally 

and spatially variable food sources. If applicable for Kanha langurs,

range size would be predicted to be smaller when the diet is
i i 

predominantly mature leaf than when consisting largely of flush or

reproductive items. The hypothesis is supported (see Fig 10.4); monthly 

range size is significantly negatively correlated with the proportion of 

mature leaf in the diet. Glutton-Brock (1974a) postulates that range 

size is small for animals feeding on mature foliage since a small patch 

of forest would provide sufficient of such a super-abundant resource. 

Small ranges may also be required in order to reduce energy expenditure 

as the diet may be energetically poor. However, a variation on this 

explanation may be more applicable to Kanha. In contrast to Gombe and 

Kibale, mature leaf sources were not evenly distributed about the forest 

but were clumped at Kuloo chattan, especially the two most important 

species for this item, Pterocarpus and Bauhinia retusa. The 

predominantly deciduous chattan vegetation provided most of the mature 

leaf whilst the sal forest provided little (see Chapter 9). Therefore, 

the small range, whilst feeding on mature leaf, may not have been a 

consequence of reducing energy expenditure but rather because, perhaps 

unusually, mature leaf was concentrated within a small area. If the 

troop were to increase range size when feeding on mature leaf only a few 

more food tree species and individuals would become available. Glutton-
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Brock (I975b) found, similarly to this study, that Tanzanian red colobus 

moved shorter distances and ranged less diversely when the diet was 

predominantly mature leaf.

McKey & Waterman (1982) found a significant positive 

relationship between mature leaf consumption by black colobus and 

monthly range size. This inverted association did, however, owing to 

differences in resource distribution, support the essence of the 

Glutton-Brock (1974a) hypothesis. As discussed in Chapter 9, acceptable 

mature leaves at this Cameroon site were rare and widely dispersed in 

small clumps, because of the very high levels of secondary compounds in 

most species. Therefore, the spatial distribution of mature leaf was
i ;

more similar to the pattern generally predicted for flush or 

reproductive items and range size was large. When feeding on the 

preferred seeds and flush, which were seasonally abundant and occurred 

in large clumps, i.e. the generally predicted pattern for mature leaf, 

range size was small. Seasonally large range size may also have been a 

consequence of searching for scarce preferred items at the periphery of 

the range. A qualitatively similar relationship was reported for 

Himalayan langurs, by Sugiyama (1976 quoted in McKey & Waterman 1982), 

in which range size was small when feeding on abundant preferred items 

but when preferred items were scarce, range size increased.

The contrast between colobine diet-ranging relationships 

in Cameroon and central India emphasises the importance of fine 

distinctions. It also stresses that categories such as 'mature leaf are 

human abstractions and leaf monkeys probably, in effect, perceive plant 

parts in terms of their temporal and spatial distributions and leaf 

chemistry and not as 'flat and leaf or 'round and fruit', as perceived 

by human observers. Depending on leaf chemistry and vegetation structure 

'mature leaf may require foraging behaviour currently regarded as
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typical for overdisper~sed, clumped items such as fruit or vice versa. 

Perhaps the quantification of species-specific items in terms of their 

chemical content and dispersion in time and space, as opposed to 

irrelevant botanical classifications, such as 'mature leaf would l>e 

helpful.

Ranging diversity (H 1 ) was significantly, positively

related to the proportion of time spent on the ground (r =0.818,p<0.0l).s

Perhaps this arose because an increase in ranging diversity resulted in 

the occupation of more meadow areas, thereby requiring more ground use. 

The inverse, that langurs are able to spend more time on the ground, due 

to some other factor such as low predation risk, and consequently range 

more diversely, is also possible. Ground use was significantly, 

negatively correlated to the index of clumping RU (r =-0.650,p<0.05);B

this may have been because less clumped range use (and clumping tended
* 

to be concentrated at Kuloo chattan) requir.ed more terrestial movement.

RU was also significantly, positively associated with 

three measures of dietetic diversity: H' for species-specific items 

(see Fig 10.5), the number of trees fed in and the number of species 

consumed per month. These variables are significantly inter-correlated. 

Therefore, high diet diversity was associated with clumped patterns of 

range use. Inspection of Fig 8.5-10 suggests that most of the variation 

in clumping arises from variability in the degree to which "C" 

concentrated quadrat utilization at Kuloo chattan. That feeding 

diversity was related to the use of the chattan is supported by a 

significant negative relationship between item H' and species-specific 

item H' and RU with the proportion of time spent in sal forest (but not

chattan) quadrats (r =-0.594,p<0.05; r =-0.699,p<0.05, r =-s s s

0.895,p<0.001, respectively). Therefore, when feeding in sal forest

(little time was spent feeding on the meadows) diet diversity and degree



413

of range clumping tended to be low. These relationships may result from 

higher tree diversity on the chattans than in the surrounding sal 

forest. With the demonstration that range use is correlated with the 

distribution of important tree species (see 10.3), it is possible that 

foraging for a highly diverse diet necessitates a high degree of range 

clumping at a patch of highly diverse forest. The inversion of cause and 

effect is also possible but less likely; i.e. that the clumping of range 

use was the result of some other factor and resulted in high feeding 

diversity.

Troop dispersion was significantly and positively

correlated with the number of trees fed in per month and both item and 

species-specific item diet diversity i.e.the diet was more diverse when 

the troop was dispersed. Perhaps this arose as a result of a diverse 

diet requiring wide troop spread as food patches were small and 

dispersed. An alternative possibility, that troop dispersion was 

determined by some other factor, such as social behaviour, which 

influenced the diversity of feeding cannot be rejected.

In summary, speculating as to the direction of causality, 

it could be argued that mature leaves, owing to their particular
\ ;

chemistry, are not preferred food and that flush and reproductive items 

are favoured when seasonally available. Because mature leaf is 

energetically poor and difficult to digest, despite the langurs' gut

specializations, more time has to be invested in feeding than when
• i 

harvesting more digestible, energy rich items. Fruit, flowers and flush

are only briefly available so that mature leaf tends to dominate the 

diet when they are not in season. As mature leaf sources are clumped at 

the chattan but the more ephemeral items dispersed through the forest, 

range size was smaller when the troop fed on mature foliage than when 

they fed on flush and reproductive items. Increased range size resulted
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in the troop coming into more frequent contact with other groups. 

Increased ranging diversity and reduced range clumping resulted in 

greater use of the ground as more meadow was necessarily occupied. The 

high diet diversity, achieved by feeding extensively on the diverse 

patch of forest at the chattan, resulted in pronounced clumping of range 

use.

10.5 CONCLUDING DISCUSSION.

This study has answered a few questions and posed many 

more. After many thousands of hours of watching langurs their social 

organisation is still poorly understood. The lack of detailed published 

information on the ecology and social organisation of all-male bands 

leaves a large gap in our understanding of this species. The adaptive 

significance of the unimale-mult imale distinction appears intractable 

(see Chapter 6) but its elucidation may give greater understanding of 

social change, variation in social structure and infanticide.

Central Indian forests, in holding only one species of

colobine and one of cercopithecine, will not be fertile stamping grounds 

for testing and developing hypothesis of inter-specific variation. 

However, because of the presence of a great range of relatively simple 

habitats, the region may be valuable for investigating the functional 

significance of intra-specific variation in sex ratios, group and range 

size and their relationship, if any, to the habitat. A further ill- 

understood aspect of langur biology is their digestive system and the
s 

consequences of possesing a cellulytic gut flora. Without information on
A

nutritional requirements and the costs and benefits of foraging, it is 

difficult to interpret food choice in relation to leaf chemistry. If 

secondary compounds can be detoxified what is the physiological cost? Is 

dietary protein or that derived from the gut flora important ? The large
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seasonal variations in diet are likely to have profound consequences for 

the gut organisms and hence the host primate. In particular, the high 

insect intake could cause problems; in ruminants high protein,low fibre 

diets can cause bloat (West 1975). in comparison with the ruminant 

digestive system, prone to many disorders caused by dietary variations 

and forage poisons, the colobine system appears to be singulary robust 

(Chapter 9, Hladik 1977, Bauchop 1978). Perhaps the cellulytic gut flora 

can be switched off or bypassed ? The information on feeding, 

par-ticulary the ingestion budgets of Hladik (1977), potentially allows 

the construction of natural food menus for captive animals, which with 

experimental manipulation, might be enlightening. With colobines showing 

a broad range of diets, it is possible that interspecific variation in 

gut physiology may be correlated with feeding patterns. The Hanuman 

langur is unusually variable in many aspects of its biology (Hrdy 

1977b); it is possible that much of this adaptability arises from an 

unusually rugged digestive system which although permiting feeding on a
/^

stenophagous, mature leaf diet, does not require such, and therefore 

allows a seasonally diverse, euryphagous diet.

As alluded to in 10.4, it would seem likely that some of 

the lack of understanding of primate feeding arises from unrealistic 

categorization of food; i.e. bearing little relation to the way that it 

is actually perceived by leaf monkeys. For example, what has here been 

classed as the mature leaf of a certain species, should be more 

appropriately described in terms of the costs and benefits of 

consumption of beneficial and harmful (and synergistic) compounds, item 

density on the tree, spatial and temporal distribution and the animal's 

requirements. More detailed investigation of food items in relation to 

such variables may allow their categorization, preferably on a 

continuum, into more pertinent classes than the 'mature leaf of species
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x', when in some environments this item may have a dispersion equivalent 

to the expected distribution of say, fruit.

The presence of the chattan in "C" troop's range appeared 

to have important consequences, its disproportionate use, the high 

diversity and density of food trees and evidence that it was defended 

against other troops suggested that it was an important resource. "C" 

troop may not, in this respect, have been 'typical' of Kanha langurs as 

few troops have access to a chattan. The distribution of these rocky 

outcrops may have important consequences for group dispersion, ranging 

patterns and inter-group relations. It is possible that those troops 

with access to a chattan attempt to orientate their range so as to 

include it in the centre, facilitating its defence. The mixed forest in 

the hills was similar, in species composition, to the chattan 

vegetation, but was not in proximity to sal forest. The study troop fed, 

seasonally, upon considerable quantities of food from the 

sal,particulary ghorea flowers and fruits. The absence of these 

seasonally super-abundant items in the hills is likely to have profound 

consequences for langur ranging and feeding behaviour. A study comparing 

hill mixed forest, unbroken sal forest without chattans and the chattan, 

meadow, sal forest mosaic of this study is likely to yield interesting 

comparisons.

An important problem of langur biology is to explain why 

Presbytis entellus is so widespread in terms of habitat and so tolerant 

of change when its Asiatic relatives are very restricted, habitat-
i

specific and intolerant of change. If the entellus digestive system is 

important, how does it differ from other colobines? The unravelling of 

evolutionary relationships between the four Asiatic congeners, perhaps 

by biochemical techniques, might be illuminating. As the ancestor of 

Asiatic colobines, which immigrated from Africa, was necessarily semi-
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terrestial, it may be that the Hanujnun has retained characteristics of 

that adaptable animal whilst the golden, capped and Nilgiri langurs have 

evolved to cope with specialised evergreen habitats.
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10.6 ECOLOGICAL INTER-RELATIONSHIPS : SUMMARY.

I/ The developement of hypotheses relating habitat to primate social 

organisation and ecology are briefly reviewed. It is predicted that 

troop range size would be smaller when feeding on mature leaf than when 

foraging on more spatially and temporally dispersed items. 

2/ Annual quadrat utilization was significantly and positively 

correlated with the quadrat-specific dominance of 9 out of the 10 most 

important species in terms of feeding time in the annual budget and with 

9 out of the 10 most important species in terms of annual selection 

ratio. The absence of significant inter-correlation between the spatial 

distribution of the tree species and a multiple regression supported the 

suggestion that food tree distribution determines the pattern of range 

use.

3/ Annual quadrat utilization was significantly and positively 

correlated with the accumulated tree abundance as successive tree 

species were combined in descending rank order of importance of annual 

selection ratios. The same relationship, though weaker, was found for 

species ranked in terms of feeding time.

4/ Whether the relationship between spatial distribution of food sources 

and ranging patterns could be legitimately regarded as causal or whether 

a third variable was involved was examined by calculating quadrat 

selection ratios. These were found to be ranked in a similar order to 

the annual range selection ratios, indicating consistency in species 

selection and hence supporting the hypothesis that the dispersion of 

highly selected species influences range utilization. 

5/ Correlation coefficients were used to explore relationships in 

intermonthly variation between activity, diet and ranging patterns. The 

proportion of time spent feeding was significantly and positively 

correlated with the proportion of mature leaf in the diet, perhaps
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because of this items low energy yield and the prolonged mastication 

required.

6/ Range size was positively and significantly correlated with encounter 

rate and it was suggested that large range size brings "C" into 

increased contact with neighbours, rather than the alternative, that the 

presence of other groups influences ranging patterns. The negative 

correlation between species-specific item overlap and encounter rate was 

perhaps the result of wide ranging patterns, in search of an unusual 

diet, brin ging the troop into contact with other groups more frequently. 

7/ The prediction that range size should be negatively related to the 

proportion of mature leaf in the diet is supported. Range size is 

suggested to be function of the spatial and temporal distribution of 

different items, with parts such as mature leaf clumped at the chattan 

and flowers dispersed through the forest. It is stressed that species- 

specific item classification, as used here, may not be a particulary 

pertinent distinction relevant to primate foraging.

8/ A significant positive relationship between ground use and ranging 

diversity and a negative relationship between ground use and the degree

of clumping of range use is interpreted as a result of the increased
f

terrestiality required in order to occupy the meadow area. t*

9/ Diet diversity was significantly and positively associated with the 

degree of clumping of range use, probably arising from high food source 

diversity clumped on the island chattan. Diets dominated by mature leaf 

were similar to each other.

10/ Finally,it is suggested that the physiological ecology of gut flora 

and digestion, and the influence of chattan vegetation on feeding and 

ranging ecology would repay investigation. The classification of food 

items in terms closer to the langur perception of the costs and benefits 

of foraging, rather than our own, may be more realistic. The social
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structure, inter-group relations and ecology of the neglected all-male 

bands is a large gap in knowledge of langur biology. The elucidation of 

the functional significance of the unimale-multimale distinction might 

be the key to a more complete understanding of many aspects of langur 

social structure and social change.
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FIG 10.4 RELATIONSHIP BETWEEN % OF MATURE LEAF IN DIET AND 

NUMBER OF DIFFERENT QUADRATS OCCUPIED FOR 12 MONTHS."C" TROOP 

y=131.42 - 0.750x; r=-0.758, n=12
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FIG 10.5 RELATIONSHIP BETWEEN DEGREE OF CLUMPING (RU) AND
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TABLE 10.A TEST OF CORRESPONDENCE 
QUADRAT SELECTION RATIOS.

RANGE SELECTION RATIOS AND

A/ Number of quadrats in which species quadrat selection 
ratio exceeds species in which both present.

Species

Species 8 10

1 Anogeissus 1.
2 Bauhinia r. 2
3 Ehretia 1. 2 1
4 Pterocarpus m. 150
5 Ficus a. 1112
6 Emblica o. 4435
7 Saccopetalum t. 3643
8 Madhuca i. 0112
9 Lannea c. 4342
10 Terminalia t. 2 4 1 0

0
0
0
2
0

5
4
5
5

8
7
4

0
0

B/ Number of quadrats in which species quadrat selection ratio 
exceeds species , in which both present.

JfL

Species

Species 8 10

1
2 
3 
4 
5 
6 
7 
8 
9

Anogeissus 1
Bauhinia r.
Ehretia 1.

*

Pterocarpus m.
Ficus a.
Emblica o.
Saccopetalum
Madhuca i.
Lannea c.

m

10 Terminalia t.

1 
2
1
1
2
2
0
3
0

0 
0
0
3
2
0
1
1

0
1
2
2
0
1
1

0
2
4
1
1
1

3
3
1
2
1

13
1
1
0

2
1
0

1
1
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APPENDIX 1 :TREES AND CLIMBERS RECORDED FROM KANHA TIGER RESERVE

.PART 1
The species listed below were recorded from Kanha Tiger
Reserve(Kisli,Kanha and Mukki Ranges),from identifications by
Dr.P.C.Kotwal (M.P. Forest Dept.),Mr.A. Radcliffe-Smith (Royal Botanic
Gardens,Kew) and P.N.Newton during 1980-82.

*=recorded from central Kanha meadows.
(C)=climber life form.
The vernacular names are those used by the Baiga forest tribe and in
particular by Mungal and Mohan Baiga.The floras used were Brandis
(1878,1906) and Witt (1916).The taxonomic order follows Heywood (1978)

FAMILY 
Binomial

Synonyms

•VERNACULAR"

ANNONACEAE
* Saccopetalum tomentosum H.f.& Th. 

Uvaria tomentosa Roxb.
"KARI"

LAURACEAE
* Litsea polvantha Juss.

Tetranthera monopetala Roxb,

DIPTEROCARPACEAE
* Shorea robusta Gaertn.

Tetranthera monopetala Roxb,

•MEDHAR"

'SARAI","SAL"

TILIACEAE
* Grewia tiliaefolia Vahl. 'DHAMIN"

STERCULIACEAE
* Sterculia urens Roxb.
* Sterculia villosa Roxb.
* Firmiana colorata (Roxb.)R.Br. 

Sterculia colorata Roxb. 
Sterculia wallichi Falc.

"KtJLQ" 
"KULU"

BOMBACEACEA
* Bombax ceiba L.

B.malabaricum DC.
B.heptaphvllum Cav.
Salmalia malabarica Schott & Endl.

•SEMAL"

MALVACEAE
* Kvdia calvcina Roxb.

K.fraterna Roxb.
"BARANGA"

ULMACEAE
* Holoptela integrifolia Planch. 

Ulmus integrifolia Roxb,
'KARANJI"

MORACEAE
* Ficus bengalensis. L. 

F.indica Roxb.
BAR","BANYAN"
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* Ficus religiosa L.
* Ficus arnottiana Miq.
* Ficus infectoria Roxb. 

F.venosa 
F.lacov

* Ficus cunia Ham.
* Ficus glomerata Roxb. 

F. racemosa
* Ficus paxasitica Koenig.

F.gibbosa Bl.,var parasitica King
* Ficus tomentosa Roxb.

FLACOURTIACEAE
* Flacourtia ramontchi L'Herit 

F.sapida Roxb. 
F.indica (Burm.f.)Merr

* Casearia tomentosa Roxb.
* Casearia graveolens Dalz. 

C.elliptica Willd.

"PEEPUL" 
"SARIS PEEPUL" 
"PAKRI"

"GHWI" 
"UMAR"

"GUDSEE" 

"BAR"

"KAITAR"

"KUNDRU" 
"GIRCHI"

SAPOTACEAE
* Madhuca indica J.F.Gmel.

Bassia latifolia Roxb.
"MAHWA"

EBENACEAE
* Diospyros melanoxylon Roxb. "TENDU"

MYSINACEAE
* Embelia robusta Roxb.

E.Tsjeriam-cottarn Wight

MIMOSACEAE
* A-lbizzia odoratissima Benth.

Acacia odoratissima Willd. 
Mimosa odoratissima Roxb.

* Acacia pennata Willd.
Mimosa jpennata Roxb.

(C)

CAESALPINIACEAE
* Cassia fistula L.

Carthartocarpus fistula Pers.
* Bauhinia racemosa Lam

B.parviflora Vahl.
* Bauhinia malabarica Roxb. 
Bauhinia variegata L.

* Bauhinia retusa Ham.
B.emarginata Royle

* Bauhinia vahlii W.& A. (C)

"BAIBARANG"

'KURINGI'

"RELA" 

"GUTARI"

"AMPTI"

"KACHNAR"
"THAUR"

"MAHUL"

PAPILIONACEAE
* Ougenia dalbergioides Benth.

Dalbergia ooleinensis Roxb. 
O.ooleinensis (Roxb.)Hochreut 

Milletia auriculata Baker (C) 
Rubina macrophylla Roxb.

* Butea monosperma Taub. 
B.frondosa Roxb.

* Butea superba Roxb. (C)
* Dalbergia paniculata Benth.

"TINSA"

"GORALI" 

"PHARSA

"BADOR PHARSA 
"MAULA"
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* Pterocarpus marsupium Roxb.
* Erythrina suberosa Roxb.

"BIJA" 
"HARUWA"

LYTHRACEAE
* Laqerstroemia parviflora Roxb
* Woodfordia fruticosa (L.)Kurz 

W.floribunda Salisb.

"LEDIA" 

"SURTELI"

MYRTACEAE
* Svzygium cumini (L.)Skeels 

S.lambolanum W.&A. 
Eugenia jambolana Lam.

* Careva arborea Roxb.

'JAMUN'

'KHUMBHr

ANACARDIACEAE
* Hanoifera indica L.
* Buchanania lanzan Sprang 

B.latifolia Roxb.
* Lannea coramandelica (Houtt.)Merr 

Odina wodier Roxb. 
L.grandis Engl.

* Semecarpus anacardium L.f.

"AM" 
"CHAR"

"GHARRI 1 

"BHILWA1

MELIACEAE
* Azadirachta indica A.Juss. 

Melia azadirachta L. 
M.indica A.Juss.

* Soymida febrifuqa A.Juss
Swietenia febrifuq Willd.

* Cedrela toona Roxb.
Chloroxylon svietenia D.C.

Swietenia chloroxylon Roxb.

"NEEM"

"ROHANI"

"TOON" 
"BHIRRA"

RUTACEAE
Aegle marmelos Correa "BEL"

COMBRETACEAE
* Terminalia balerica Roxb. 
Terminalia arjunaf Bedd. 

T.berryi W.&A. 
T_.qlabra W.&A.

* Terminalia chebula Retz.
* Terminalia tomentosa W.& Arn. 

T.alata Heyne ex Roth. 
T.crenulata W.&A. 
T.coriacea W.&A.

* Anogeissus latifolia Wall.
Conocarpus latifolia Roxb.

"BAHERA" 
"KAHU"

"HARRA" 
"SAJA"

•DHOARA"

CELASTRACEAE
* Eleodendron qlaucum Pers. 

E.roxburqhii. Wight

EUPHORBIACEAE
* Bridelia retusa Spreng 

B.crenulata Roxb. 
B.spinosa Willd. 
B.squamosa Gehr.

* Emblica officinalis Gaertn.

'KASAI"

"AONLA"
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Phvllanthus emblica L.
* Glochidion velutinum Wight
* Mallotus philippensis Muell.

Rottlera tinctoria Roxb.

"KHONDA" 
"SENDUR"

RHAMNACEAE
* Zizvphus jujuba Lam.
* Zizvphus xvlopyra Willd. 

Z.elliptica Roxb. 
Z.coracutta Roxb.

* Zizyphus ruqosa Lamk.
Z.latifolia Roxb.

* Zizivphus nummularia W.&A. 
Z.microphylla Roxb.

* Ventilago calyculata Tulsane 
V.madraspatana Gaertn.

(C)

(C)

"GERRIA", "BER" 

"GHONTIA"

•CHURNI"

'KEOTI 1

SAPINDACEAE
* Schleichera oleosa

S.triluqa Willd.
•KOSUM"

BURSERACEAE 
* Garuqa pinnata Roxb. 
Boswellia serrata Roxb.

B.qlabra. Roxb.
B.thurifera Colebrooke

"GHARRI" 
"SALAI"

ARALIACEAE
* Heptapleurum venulosum Seem (C)

APOCYNACEAE
* Holarrhena antidysenterica Wall 

H.pubescens Wall. 
H.codaqa G.Don. 
Echites antidysenterica Roxb.

* Carrissa epinarum A.D.C.
* Ichnocarpus frutescens Br. (C) 

Echites frutescens Roxb.

"DEOSEMAR"

"DUDHI"

"KORONDA" 
"DUDHI"

EHRETIACEAE
* Cordia mvxa L.
* Cordia latifolia. Roxb.

Cordia obliqua. Willd.
* Cordia macleodii H.f.&Th.

Hemiqvtnnia macleodii
* Ehretia laevis Roxb.

"CHOTA LUSARI" 
"LUSARI"

"DHAMIN" 

"DITARANGI"

VERBENACEAE
* Tectona grandis L.f. "SURGWAN"

BIGNONIACEAE
* Stereospermum suaveolens D.C. 

Bignonia suaveolens
* Stereospermum xylocarpum Benth. 

Biqnonia xylocarpa Roxb. 
Spathodea xylocarpa T.Anderson 

Oroxylon indicum Vent

"PANDRI" 

"PANDRI"

"SUMPARAL"
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RUBIACEAE
* Adina cordifolia Hook.f. "HALDU" 

Nauclea cordifolia Roxb.
* Mitragyna parviflora (Roxb.)Korth "MUNDRI" 

Stephegyne parviflora Korth 
Nauclea parviflora Roxb.

* Gardenia latifolia Alton "PHIPHAR"
* Randia uliqinosa D.C. "KATUL" 

Gardenia uliginosa Roxb.
* Randia dumentorum Lam. "MENHAR" 

Gardenia dumentorum Roxb.

LILIACEAE
* Smilax zeylanica L. (C) "RAMDANTON" 

S.marcophvlla Roxb.

PART 2

The following additional tree and climber species were recorded from 
Kanha Tiger Reserve by Maheshwari (1963), Schaller (1967), Panwar (n.d.) 
and Kotwal (n.d. ).

Dillenia indica L.
Dillenia aurea Sm.
Miliusa velutina H.f.&Thoms.
Eriolaena hookeriana W.& A.
Grewia subinequalis D.C.
Grewia abutifolia Juss.
Balanites roxburghii Planch.
Celastrus paniculata Willd. (C)
Zizyphus oenoplia Mill. (C)
Vitis repanda W.& A. (C)
Moringa oleifera Lam.
Indigofera arboreaT Roxb.
Acacia catechu Willd.
Combretum flagrocarpum Herb.Calc. (C)
Hymenodictylon excelsum Wall.
Wendlandia exserta D.C.
Gardenia lucida Roxb.
Gardenia gummifera L.f.
Gardenia^turgida Roxb.
Nyctanthes arbor-tristis. L.
Schrebejra swietenioides Roxb.
Cryptolepis buchanan^ Roem.&Sch. (C)
Stereospermum chelonoides D.C.
Gmelina arborea Roxb.
Antidesma diandrum Roth.
Trema orientalis Bl.
Ficus glaberrima Bl.
Asparagus racemosus Willd. (C)
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APPENDIX H tTREE PHENOLOGY SAMPLE.
The following species of tree and climber were monitored from February 1981 
until March 1982 inclusive with 4 specimens of each species recorded each 
month:

Cassia fistulaShorea robusta 
Sterulia urens 
Bombax ceiba 
Ficus religiosa 
Ficus arnottiana 
Ficus infectoria 
Ficus tomentosa 
Casearia tomentosa 
Madhuca indica 
Diospyros melanoxylon 
Albizzia odoratissima 
Semecarpus anacardium 
Stereopermum saeveolens 
Bauhinia vahlii

Bauhinia racemosa 
Bauhinia malabarica 
Bauhinia retusa 
Ougenia dalbergiodes 
Butea monosperma 
Dalbergia paniculata 
Pterocarpus marsupium 
Lagerstroemia parviflora 
Syzygium cumini 
Careya arborea 
Ehretia laevis 
Stereospemum xylocarpum 
Ventilago calyculata

Terminalia balerica 
Terminalia chebula 
Terminalia tomentosa 
Bridelia retusa 
Emblica officinalis 
Mallotus phillipensis 
Zizyphus jujuba 
Zizyphus xylopyra 
Schleichera oleosa 
Buchanania lanzan 
Lannea coramandeiica 
Tectona grandis 
Gardenia latifolia

The following species were 
Saccopetalum tomentosum : 
Litsea polyantha : 
Litsea sebifera

Grewia tilaefolia

Ficus cunia 
Ficus glomerata 
Flacourtia ramontchi 
Casearia graveolens

Embelia robusta

Erythrina suberosa 
Anogeissus latifolia

Glochidion velutinum

Garuga pinnata 
Cordia myxa

Cordia latifolia

Cordia macleodii 
Adina cordifolia 
Mitragyna parviflora 
Herbarium specimen 256

monitored as indicated:
:7 specimens from February 1981-March 1982. 
:4 " July 1981-March 1982. 
:4 " February 1981-March 1982
one dying specimen replaced by nearest conspecific
in August 1981. 
:4 specimens from February 1981-March 1982
dead specimens replaced by nearest conspecifics in
July and August 1981. 
:1 specimen from February 1981-March 1982.
, T II II II II II II 

, o II II II II " "

:2 " " July 1981-March 1982,1 tree in
August 1981. 
:1 specimen July & August 1981,2 trees from
September 1981-March 1982. 
:1 specimen from December 1981-March 1982. 
:4 specimens from February 1981-March 1982,3
specimens in May 1981. 
:3 specimens in February & March 1981,4 specimens
from April 1981-March 1982. 

:1 specimen from July 1981-March 1982. 
:1 " " February-June 1981,4 from July 1981
until March 1982. 
:3 specimens from July 1981-March 1982,4 from July
1981 until March 1982. 

:2 specimens from February 1981-March 1982.

August 1981-March 1982.

The following tree species were omitted from the phenology sample owing to my 
failure to discover them as distinct species until early 1982 : 
Holarrhena integrifolia Kydia calycina Randia dumentorum
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APPENDIX III : Draft of a paper which summarizes part of 

Chapter 6.

Infanticide in an undisturbed forest population of Hanuman 

langurs, Presbytis entellus.

Explanations for the occurence of infanticide in/>
wild populations of Hanuman langurs (Presbytis entellus 

Dufresne;Colobinae) have aroused considerable controversy

' ' ' ' . Such killing has been observed or inferred at 

three sites in India * ' 6 ' 7 ' 8 / 9 y executed by an invading male 

after supplant^ ing the previous resident male from a 

bisexual troop. Two main hypotheses have been proposed to 

explain this phenomenon. The social pathology hypothesis

' ' ' proposes that infanticide is an aberrant, maladaptive 

behaviour manifested in langurs living at abnormally high 

density under excessive, pernicious human influence. The 

sexual selection hypothesis ' , proposes that infanticide 

is an adaptive strategy in which the invading male curtails 

lactational amenorrhorea in newly acquired females, 

permitting quick breeding. Hence, the male during its brief 

troop tenure increases its reproductive success. Here, I 

report observations of langur infanticide from undisturbed 

forest in the Central Indian Highlands which whilst 

consistent with the sexual selection hypothesis suggest that 

the social pathology hypothesis is untenable.

The Hanuman langur is a eurytopic, largely

folivorous, semi-arboreal colobine widespread in south Asia. 

Individuals are commonly organised into unimale or multimale 

matrilineal troops of 20-30 animals and smaller all-male 

bands ' . Infanticide,associated with rapid male
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replacement or 'takeover 1 in which band males invade unimale
o

troops, has been observed at Jodhpur and strong

circumstantial evidence suggests its occurence at Dharwar 6 ' 7
i •» 

and Abu . These sites generally have high langur and human

density in degraded habitats with few predators lf4 . In 

contrast, gradual male replacement in multimale troops or 

infrequent social change, without takeovers, has been 

observed in habitats ranging from remote undisturbed forest
194.

to farmland r ' . Noting the association between habitat and 

pattern of social change the social pathology hypothesis, of 

Dolhinow and Curtin, suggests that the unimale plus takeover 

organisation is abnormal. With a breakdown in normal social 

relations, the vulnerable infants are incidentally killed 

during escalated aggression among mature animals. Infanticide 

is not adaptive but results from an inability of langurs to 

endure habitats very different from those in which the 

species evolved 3 ' 4 .

The alternative hypothesis, mainly due to Hrdy, 

proposes that infanticide evolved as a result of intense, 

post-fertilization, intermale competition for reproductive 

access 1 ' 10 . A male, if it achieves troop residency may have 

only 2-5 years, before being replaced by 

an invader. Reproductive success will, under most conditions 

12 , be increased if breeding is accelerated by killing un- 

weaned, un-related offspring, which are delaying females' 

subsequent ovulation. An infanticidal male may gain 

additional advantage, over a non-infanticidal animal, by 

reducing the reproductive success of the dead infants' father 

and by eliminating future potential competitors of its own 

offspring . A female may be in a 'cruel bind 1 by favouring
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mating with infanticidal males as, if the trait is heritable, 

she would then produce successful infanticidal sons

The evidence for and against each hypothesis is 

equivocal 2 ' 3 ' 4 ' 5 . Although attempted falsification of the 

sexual selection hypothesis in the wild is not practical , 

the social pathology hypothesis can be refuted if takeover 

associated infanticide is shown to occur in a low or moderate 

density langur population residing in an undisturbed habitat

4 , 14
*

Hanuman langurs were studied (1980-83) in Kanha
2 Tiger Reserve, a 1945 km tract of moist deciduous (sal) and

dry deciduous (mixed) forest in the Maikal Hills of Mandla 

district in the central Indian state of Madhya Pradesh llfl . 

The intensive study area, the central Kanha maidan (22 17' N 

80 38' E), is a mosaic of sal (Shorea robusta) forest and 

meadow. Human influence has been largely restricted to 

forestry operations some eighty years ago and slash and burn 

cultivation by Baiga tribal people probably creating the 

meadows in antiquity X1 . The reserve holds a diverse and high 

density large mammal population including many large

predators llf15 . Langur density on the Kanha maidan was 46.15

2 22 /km , troop density 1.79/km , band density 0.51/km , mean

troop size 21.7 (range 11-34), mean band size 14.0 (8-18), 

population adult sex ratio 1:2.5 and troop adult sex ratio 

1:7.9 (1:1.3-12). Of 14 troops 13 were unimale and one 

trimale. The birth season was December until May, with a 

median in February.

A well habituated unimale troop "C n which ranged 

over 74.5 ha, was watched for some 2000 hours between 

February 1981 and March 1982. It consisted of an adult male
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with 9-13 adult females, 3-4 subadult females and up to 12 

other immatures. During April and May 1981 a social change

occured, summarized in FIG 6.21, in which a 13-16 member band A
"Q n attacked "C" and during four days (Phase 1) killed three 

infants (1 male, 1 female, 1 unknown sex) out of six (< 2-3 

months old) present. The actual infanticide by "Q" males was 

observed on the first two occas'~ions whilst the third death 

was missed by some 30 s as "Q" males chased the infant- 

bearing female out of view. On regaining contact, the female 

was sitting amongst "Q" males with a dead, bitten infant in 

its lap; it was concluded that infanticide by "Q" occured. 

Attacks were highly directed, with only infant bearing 

females being attacked and only infants injured. Two infants 

died immediately and one after two hours with extensive bite 

wounds to head, thorax and abdomen. Two langurs were 

abandoned at death whilst one was carried by the female for 

three hours. A recently immigrated six month old infant 

female was attacked twice whilst on its presumed mother and 

later noted with injuries. Each attack was made by a sub­ 

group of 3-5 large males, but the precise identities of the 

infanticidal animals are unknown; the largest "Q" male, AM24, 

was involved but the whereabouts during the assaults of AM30, 

AM23's successor, is unknown. The "C" resident 'AM23 1 was 

ineffectual and only successfully countered one out of five 

"Q" attacks; it was not present in the vicinity of the 

infanticides. "C" tended to breakup on the approach of "Q" 

with infant bearing females fleeing into apparent 

concealment, including sub-terranean streams, whilst 

unencumbered females associated with the band. The dead 

infant's mother is unknown in one case and identities are
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probably known in two cases. The sire of the killed infants 

is unkown but is much more likely to have been the resident 

('AM23') than any "Q" male.

In Phase 2 (FIG 6.21) "C" frequently formed sub­ 

groups, rejoining at night, with 'AM23' and infant-bearing 

females remaining separate (100-500m) from "Q" whilst the 

remaining females consorted with the band. Two adult females 

mated with AM24 and solicitations, rarely observed in the 

month prior to band invasion, were common. The band attacked 

the infant-bearing sub-group once during this period and one 

female carrying an infant eluded pursuing males. With the 

replacement of 'AM23' by a "Q" male 'AM30 1 (Phase 3, FIG 

6.21), polarization ended and frequent attacks by 'AM30 1 on 

infant-bearing females began, which subsided in June. In late 

May, when attacks were diminished, the frequency of violent 

adult male-female interactions during 12 days of dawn to dusk 

observations was 2.83/day ± s.d. 2.12. Females intervened in 

68 % of 31 such attacks for which there are data. The 

frequency of occurrence of these male assaults on 138 

complete days, spread equally across the year, was 0.61/day ± 

s.d. 1.16. The circumstances of the male replacement were not 

observed, AM23 was last seen with "C" on the morning of 5 May 

but by the afternoon it had disappeared and AM30 (without 

"Q") was troop male. AM23 was never seen again. During the 

period of takeover the six month old infant was attacked but 

despite serious wounds survived? no infant disappeared. From 

mid-May "C" troop had occas ional agonistic encounters with 

band "Q" and no consorting with "C" females occured. In the 

subsequent birth season ten infants were born which, assuming 

a 200 day gestation , suggests that first conceptions
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occu/ed in late May. This indicates that 'AM30' was most A
likely the sire. Between August and October two infants, born 

pre-takeover, disappeared in unknown circumstances and 'AM30 1 

remained "C" resident at least until May 1983.

The above observations of infanticide in undisturbed
2 forest with moderate langur density (species range 2-133/km )

is strong evidence that the social pathology hypothesis 

cannot be supported, at least in Kanha. The restriction of 

injurious aggression by band males to infants, infant-bearing 

female concealment and sub-group formation suggest a 

predictable pattern with infants as targets of band attacks. 

Birth intervals for two females in which the infant survived 

to weaning were 24 and 29 months. The mean birth interval 

for five infant deprived females was 11.7 ± s.d. 1.61 months 

(2 being probable mothers of infanticide victims and 3 the
which g

mothers of infants^disppeared in unknown circumstances).

Therefore the essential components of the sexual selection
its

hypothesis, that the invader should not killA own offspring 

but should sire and accelerate post-takeover conceptions are 

not violated by the Kanha observations. The latter two 

conditions are directly confirmed.

Infanticide has usually been reported as occur ing
A

after takeover but the reversed pattern observed here has 

approximate precedents . Pre-takeover infanticide may erode 

the advantage to the resident of staying as troop male and 

hence perhaps accelerate takeover and increase the 

probability of a successful band invasion. Faced with an 

infanticidal band the resident's best strategy may be to 

desert, thus terminating investment and trying again 

elsewhere. The strategy may depend on such probabilities as
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the resident being injured, of defeating the band, of being 

the infant's father and of future reproductive success as a 

troop or band male elsewhere. It is not known if AM30 was 

infanticidal, but if such a male or kin takeover, the pattern 

is consistent with the sexual selection hypothesis.

If takeovers are part of an extra-troop male 

strategy to increase reproductive success it is predicted 

that the optimal time for invading troops would be between 

birth and mating seasons. If invasion was to occur after the 

mating season the receptive females would probably have 

already been inseminated. New residents do not kill post- 

takeover births . Therefore, takeover before the birth 

season would result in a cohort of infants appearing at the 

onset of the males tenancy, obstructing his reproductive 

access. The temporal distribution of takeover onset from the 

literature x ' 6 ' 8 ' 9 and Kanha, relative to the birth season 

peak ' ' , is shown in Fig.6.23. The data agree with the 

predicted timing of takeover and provide strong 

circumstantial evidence for infanticide being an adaptive 

male strategy.

However, why has infanticide been seen at some sites 

and not others ? One possibility is that the frequency of 

takeover-associated infanticide is related to particular
1 8demography , perhaps with infanticidal behaviour occurring 

as a mixed Evolutionarily Stable Strategy 12 . It has been 

suggested that infanticide is associated with high population
1 2 18density and a predominantly unimale structure ' ' , which 

by producing a high proportion of 'dissatisfied' band males 

may result in a high frequency of takeovers. An association 

between infanticide and unimale structure is supported by the



458

intra-specific variation shown in Fig. 6.9. But, because the 

functional reasons for the evolution of unimale-multimale 

patterns are not understood 19 , it is not yet possible to 

disentangle cause and effect. However, the data suggest that 

troop compositition, and not density may predict the 

distribution of infanticide among langur populations.
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APPENDIX IV : SUMMARY OF DAILY FIELD NOTES 18 APRIL - 16 MAY 1981.
SOCIAL CHANGE AND INFANTICIDE : "C" TROOP AND "Q" BAND. 

In this appendix, summarized daily field notes are presented for the 
period of social change and infanticide in "C" troop, Kulloo chattan 
study area, Kanha meadows. The time the observer spent with "C" troop is 
given in parentheses after the date (for abbreviations see Table 4. A;

All behavioural terms follow Dolhinow (1978). xx' indicates an 
animal, were identity not known, but is recognisable within a days 
observation.

18 April 1981 (dawn to dusk follow).
09.55 "Q", an all-male band of 13 males,observed for the first time 

suddenly initiated an encounter with "C" at Kuloo chattan. 
"C" flee and within a melee of chasing a AMQ pursued an 
AFINl and snatched the infant from the female's chest. The 
AMQ held the infant (IN117,female,'pinkface 1 ,two 
weeks old) and repeatedly bit it, leaving it lying injured 
in the leaf litter before moving away. Another AMQ walked 
to IN117, touched it with its hand, grimaced and walked 
away.

10.10 "C" arboreal, "Q" terrestial. An AF' retrieved IN117 and 
ascended with it into a tree.

10.20 Eight "Q" males ended encounter lull, ascended trees
and chased AFTN117 through canopy. AF' flees squealing 
holding injured infant to chest with a forearm. During a 
bout of chasing between "C" females and "Q" males a AMQ 
grapples with AF' and IN117 falls 20 m to the forest 
floor. Immediately chasing and vocalisations cease, "Q" 
langurs descend.

10.25 AM23 resighted on troop periphery by observer. Six "Q" 
adult males chase it to the east and out of sight. 
Meanwhile a AMQ walks to IN117 lying alone in the 
litter, picks it up with both hands and whilst sitting,bites 
it three times in the trunk. At the third bite a sub-adult 
female 10 m distant squeals,descends, runs towards the male. 
The male looks up, drops IN117 and runs away. The 
sub-adult female retrieves infant,which is breathing 
rapidly and deeply with eyes closed,and manually inspects 
it.

10.35 The sub-adult female abandons the infant on the forest 
floor and ascends a tree. Binocular examination of the 
infant shows it to be still breathing but with intestines 
protruding from abdomen and probable lung tissue from the 
chest.

10.50 AM23 re-appears, teeth-grinding, and faces "Q". 
"C" largely arboreal and quiet, hard to locate.

11.19 SF' and AF' descend to IN117. SF' retrieves infant and 
manually inspects it before transferring it to AF'. AF' 
visually inspects infant but when she begins to walk away, 
infant falls off her chest. AF' moves 0.5m from it 
and feeds. AF' is probably the same langur as was carrying 
infant during 10.20 arboreal chase and was probably AF28.

11.20 "Q" terminate encounter with "C" after a series of
"Q"- AM23 chases. 

12.05 SF', AF', still in close proximity to IN117, embrace and
squeal. SF' departs vicinity. 

12.30 AF' rejoins "C", abandoning IN117 on forest floor. The
infant died at about this time.
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13.53 AF' returns to carcase, looks at it from 0.5 m away and
ascends into canopy. Return to "C" not recorded, but prior 
to 16.00 hours.

19 April 1981 (dawn to dusk follow). 
05.50 Located "C", to find that AF22 and IN225 had 

immigrated from "B". "C" in encounter with 
"Q" males, who were seen to chase AF22IN225 through 
canopy. A lull in encounter until 07.35. 

07.35 Five large adult males of "Q" suddenly appear chasing
AFINl of "C" across 150 m of open grassland. AFIN1 halts 
in open meadow and faces males, one of whom is AM24. A 
large male grapples with AF and takes infant (IN118, male, 
'brown face', 6-8 weeks old). Whilst sitting,the male holds 
infant with both hands and repeatedly bites into it's trunk. 
During killing AF' moves some 60 m away and as the male 
drops infant to the ground the female runs to a stream bed. 
A second adult male picks infant up and bites into it, but 
it appeared to have died at the first attack.The five males 
sat for a few minutes scattered about the corpse, grunting 
and gazing about before departing. AM23 appears 
'teeth-grinding' from the forest and faces "Q". AM23 
runs towards "Q", displays and whoops. 

08.45 "Q" adult males chase AF22IN225 but are eluded. 
08.50 The 13 males of "Q" terminate encounter and "C" langurs 

appear from a scatter of locations and aggregate as a 
troop. 

20 April 1981 (dawn to dusk follow).
An encounter between the sixteen member "Q" and "C" from 

08.00 to 09.40 hours. Onset was heralded by AM23 alert behaviour, 
grunting and a foray towards the approaching band. AM23, SF and AF remain 
whilst AFINl and some AF flee 200 m to a tree lined stream where I find 
them very hard to locate. As "Q" initiates encounter two SFc run 
squealing to the males and "Q" chases AM23. Five large "Q" males progress 
to stream, do not appear to notice any infant bearing females and on 
coming into contact with "B" troop retreat 200m. At 08.49 an infant 
bearing female moves by the stream, "Q" males alert, grunt, AM23 advances 
teeth grinding but is chased back by a "Q" male. At 08.54 adult males of 
"B" (AM6 4- 2 others) run towards the AM23 - "Q" encounter. Simultaneously 
AM23 and the three "B" males advance towards "Q" which descend en mass 
and move away. At 09.02 "B" males depart. The combination of "B" and "C" 
males resulted in the supplantation of "Q" and its displacement from 
proximity to the infants. AM23 when acting alone failed to achieve this. 
"Q" finally terminated encounter at 09.30. "Q" identified by presence of 
AM24, 26 and SM27 marker individuals.

Therefore during this "C"-"Q" encounter "Q" males did not 
come into close proximity to AFINl's as a result of "C" polarization, 
concealment and action of "B" males during "C"-"Q" encounter. 
21 April 1981 (dawn to dusk follow). 
09.45 AF11 of "B" transfered to "C" resulting in "B"

becoming the all-male band "R". 
09.50 Adult females grunt, watch bipedally as "Q" approaches.

"Q" initiates encounter with "C", two sub-adult females run 
towards "Q". Most of remainder of "C" flee across meadow 
pursued by four "Q" adult males. Two AMQ chase AF22IN2, 
males attacks twice but IN2 remains on females chest. AF22 
twice presents (without head shake) towards AMQ with IN2 
clinging ventrally. AM23 chases males from vicinity of 
AF22. 

10.00 A number of AFINl are apparently concealed in tall
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grassland. One of them moves a short distance. Several adult 
males alert and leap forwards into the air ('stotting 1 ), 
peering into the grassland. Males then ascended into adjacent 
trees and peered into the grassland. One adult female with 
infant was observed hidden in a sub-terranean nullah.

10.15 Suddenly a AF'INl is sighted being pursued from the patch 
of long grass, some 250 m across open meadow, by four "Q" 
males. On regaining contact (lost visual contact for 60 s) 
AF 1 was sitting with a dead infant in its lap (IN119, 
unknown sex,6-8 weeks old,grey face). The four AMQ were 
sitting in an arc 10 m from AF r grunting and looking 
around. Neither the actual injurious actions or the 
identities of the attackers were recorded.AF' probably AF29

10.28 An AMQ chases AF'INl(dead) a short distance, AF 1 squeals 
and runs away from "Q" and "C",carrying infant.

10.40 The chase terminating in infant death brings "Q" into an 
encounter with AMA until 11.15

11.30 AF' sits with dead infant in lap 100 m from "C". 
Ventral surface of female covered in blood. 
IN119 ventral abdomen ripped open;it probably died 
instantly. AMA supplants "Q"; band moves into "C" range.

12.55 "Q" terminates encounter with "C".
13.00 AF' carries infant carcase to 50 m from "C", four times 

leaving it and then retrieving it as Jungle Crows 
(C.splendens) descend to feed on the infant.

13.40 AF' abandons carcase and crows and Tree Pies (D. vagobunda) 
scavenge the infant. AF' rejoins "C".

14.35 AF' being trailed, by three sub-adult females who follow it 
at 1-3 m distance. The sub-adults lay hands on the blood 
coated AF', embrace and mount. They gaze into AF' face from 
less than 0.5 m distant which grimaces. This 'shadowing' 
behaviour ( lasting 1 hour) was only seen on this occassion. 
IN225 found to have a cut at tail base, perhaps inflicted 
during chase by "Q" at 09.50 hrs.

22 April 1981 (dawn to dusk follow). 
"Q" not observed.

23 April 1981 (06.30-08.00)
Three adult females and four sub-adult females of "C" 
consorting with band "Q", out of sight of main body of "C".

25 April 1981 (17.00-18.50) 
"Q" not observed.

26 April 1981 (dawn to dusk follow). 
"Q" not observed.

27 April 1981 (dawn to dusk follow).
Encounter between AM23 and "Q" (mainly AM24) from 11.40 
to 14.40 with whoops, displays, chases and counter-chases. 
The three AFIN1 remain inactive and in concealment throughout. 
AMQ do not come into proximity to infants. "C" females do 
not consort with band.

28 April 1981 (dawn to dusk follow). 
"Q" not observed.

29 April 1981 (dawn to dusk follow). 
"Q" not observed.

30 April 1981 (dawn to dusk follow).
10.50 On the approach of "Q", "C" polarizes with AFlNl's and

AM23 fleeing 200 m whilst a group of sub-adult and adult 
females without infants remain in path of "Q'"s approach.

10.55 AM24 and two other adult males of "Q" chase after AFINl 
component of "C",watch into a patch of long grass where
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the infant-bearing females went to ground. Suddenly the 
"Q" males jump into the grassland, AFIN1 runs out and 
goes down in another patch of long grass 50 m distant. 
Adult males chase, 'stotf and and watch into the patch.

11.12 The non-infant bearing females in proximity to remaining 
13 members of "Q". AFll, 15 m from a AMQ head shakes 
(without present).

11.13 AFll walks to two AMQ, presents with head shake 
repeatedly. AM's watch, grunt and grimace.

11.20- 12.10 AM23 supplants the three "Q" males from close 
proximity to infant-bearing females.

13.20 Polarization increased with AFIN1 and AM23 in the
south-west of the grid,some 450 m from the rest of "C". 
Three adult females including AF29,11 and four sub-adult 
females consort with "Q". AF29 presents (without head shake) 
1.5 m from AM24. AM24 mounts AF29 three times with 
probable intromission and ejaculation. Three "C" sub-adult 
females sit 2 m from the couple and do not harass the mating 
AM23, occasionally whooping and displaying, watches 
across half: a kilometre of open meadow towards "Q".

15.15 "Q" and consorting females progress away from and>out of 
sight of AM23, feed.

16.25 AM23 leads progression of infant-bearing females 
from towards consorting females and "Q".

17.50 "Q" seperates from "C" consorts by progressing to the north.
18.15 AM23 rejoins "C" consorters and sleeps with them some 

150 m from the infant-bearing component of "C".
2 May 1981 (08.00-10.00)

Eleven "C" langurs (6 AF, 4 SF, 1 IN2) consorting with "Q" 
Rest of "C" containing infants and AM23 some 400 m to the 
south west. An adult female presents and head shakes to AMQ.

3 May 1981 (06.00-09.00)
Similar polarization to 2 May; females without infants 
consorting with "Q". Infant-bearing females and AM23 
200 m away. AM23 watching frequently towards "Q" 
and grunting occasionally.

4 May 1981 (06.00-09 00, 17.00-19.00)
06.30 Three adult females and four sub-adult females progress

200m from "C" to "Q".
06.35 A sub-adult female presents and head shakes to an AMQ. 
07.20 Brief agonism between "Q" and AM23, chase, display, whoops. 
08.05 IN225 and two adult females among consorters, present

and head shake to AMQ. 
17.40 Consorting sub-group of "C" with "Q". AFll presents and head

shakes to an AMQ, which mounts AFll twice, ejaculation
possible. AM24,26, SM27 present in "Q". 

17.55 An adult female and sub-adult female head shake and
present to a AMQ.

18.03 Consorting sub-group and "Q" seperate. 
18.10 IN225 found to have a chest wound at or about the

location of the left nipple and an injured left wrist.
Perhaps injury from a fall, predator attack or "Q" male
attack. Infant inactive, crouched among roacks. 

18.40 The consorting sub-group sleeps between "Q" and infant- 
bearing sub-group., 150 m from "Q" and 100 m from rest of "C 1 

5 May 1981 (05.30-09.30, 18.00-19.00) 
05.45 "C" divided at sleeping site into two subgroups, consorters

(6 AF,4SF including AF29,28) approach "Q"; infant-bearing
females and AM23 remain seperate from "Q".



463

06.25 AF22 presents, with head shake, three times to a AMQ.
06.41 AM23 observed for the last time.
06.45 A sub-adult female presents, with head shake, to a AMQ.
07.47 Two subadults and adult female present to AM 1 of "Q". The rest

of "Q" (15 males) moved from vicinty at 07.55. AM' remains. 
08.26 During a bout of AFC grooming AM', AM' suddenly chases

IN225 arboreally. AF22, SF chase AM',intervene and wrestle
with it. After a few seconds all quiet and still. IN225
presents and head shakes towards AM' from 5 m away. An adult
female presents and head shakes towards AM'. 

08.32 AM' gradually moving towards IN2, suddenly IN225, AF, SF
descend tree en masse. AF22IN225 chased on ground by
AM' but AFC intervenes and chases AM' away. 

09.15 AM 1 walks towards tree containing solitary IN225. AM'
looks up towards infant and immediately AF, SF chase AM'
for 50 m. 

18.15 A melee among consorters and AM'. An infant-bearing female
being chase by AM', which is chased by intervening females,
arboreal. Frequent presents with head shakes directed by
females towards AM'. AM' is not AM23 but AM30 from "Q". 

18.30 AM30 sleeps with "C". "Q" sleeps some 100 m away. 
7 May 1981 (07.00-09.00, 17.00-19.00)

"C" with AM30. "Q" within grid but not observed in
proximity to "C".

10 May 1981 (17.00-18.30)
"Q" including AM24 moving interspered with "C". 
Little overt interaction between "C" and "Q".

11 May 1981 (17.00-18.30)
"Q" moving interspered among "C". Little overt interaction 
between "Q" and "C" observed.

13 May 1981 (18.00-18.30).
"C" moving alone. "Q" not observed.

14 May 1981 (dawn to dusk follow).
"C" unimale with AM30. Frequent interactions between 
AM30 and adult and sub-adult females. AM30 chases infant- 
bearing females with violent interventions by other females, 
frequently with explosive 'ha ha ha!' vocalization. AM30 
often chased from close proximity to AFINls by females not 
bearing infants. AM30 rarely groomed by females. 
Solicitations of AM30 by females without infants frequent. 
AM30 occassionally 'teeth grinds' facing "C" females.

15 May 1981 (dawn to dusk follow)
Frequent AM30-female interactions, agonistic and 
solicitations. AM frequently chasing AFINls and 
consequently being chased by non-infant bearing females. 
AM30 not seen to make physical contact with any infant- 
bearing females.

14.55- 15.10 "Q fl-"C" encounter with troops moving through each 
other with only one aggressive interaction, between AM30 
and AMQ. No presenting by "C" females to "Q".

17.35- 18.40 "Q"-"C" encounter with AM24-AM30 chases, teeth- 
grinding, displays. "Q" terminates encounter and "C" wins.

16 May 1981 (dawn to dusk follow).
Frequent AM30-"C" female interactions as a result of 
AM coming into close proximity to infant-bearing 
females. Solicitations by "C" females to AM30 common.

O6.49 -07 15 "Q"-"C" encounter, mainly between AM24, AM30, 
chases, teeth-grind.
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APPENDIX V.A. LANGUR CENSUS :APRIL 1981.
KANHA MEADOW. 
All troups within 7.8 Km2 of Central 
1981, except * censused 23 May 1981) |

Troop Type Langur Sex/Age

"A"
"C"
"CH"
"DN"
upii
"HC"
"KM"
"KO"
"M"
"MO"
"SH"
"ST"+
"N"*

"Z"

II T II

"2 "
»i <3 ii
iipii

Total
Total
Total

Troop
Troop
Troop
Troop
Troop
Troop
Troop
Troop
Troop
Troop
Troop
Troop
Troop
Troop

Band
Band
Band
Band

sail groups
j Troops
:Band

AM
1
1
1
1
1
1
1
1
1
1
1
3
1
1

9
12
6
8

51
16
35

AF
11
12
10
12
11
6
8
8
5

11
10
4
9

10

0
0
0
0

127
127

0

SM
5
0
0
0
3
1
0
1
0
0
0
6
1
0

9
6
6
0

38
17
21

SF
3
3
3
1
1
2
5
2
5
1
2
0
1
5

0
0
0
0

34
34
0

J
5
2
1
9
3
2
2
2
0
0
0
1
8
2

0
0
0
0

37
37
0

Kanha meadows censused A 
; + = raultimale troop]

Category
JM
1
0
0
2
2
0
2
2
0
0
0
0
—

2

0
0
0
0

11
11
0

JF
4
2
1
1
1
2
0
0
0
0
0
1
—

0

0
0
0
0

12
12
0

IN2
1
0
4
1
4
0
0
0
0
0
4
0
2
0

0
0
0
0

16
16
0

INI
8
8
3
4
4
1
4
6
0
9
4
1
1
4

0
0
0
0

57
57
0

TOTAL
34
26
22
28
27
13
21
20
11
22
21
15
23
21

18
18
12
8

360
304
56

DEOTALAO
(Troups visiting

Troup
1
2
3
4

5
6

Total
Total
Total

Type
Troop
Troop
Troop
Troop

Band
Band

:all groups
: Troops
: Bands

waterhole

AM
1
1
1
1

10
11

25
4

21

AF
13
10
6

13

0
0

42
42
0

at

S
3
7
0
3

6
7

23
10
13

Deotalao,

SM
—
—

0
—

6
7

13
—

13

SF
1
3
0
—

0
0

4
4
0

J
3
1
5
2

0
0

8
8
0

censused April

IN2
0
0
0
1

0
0

1
1
0

INI
6
7
0
7

0
0

20
20
0

1981)

TOTAL
26
26
12
27

16
18

125
91
34

[For Langur sex/age class abbreviations and descriptions see Table 4.A]
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APPENDIX V.B. SUMMARY OF "C" TRDUP COMPOSITION CHANGES.

Composition January 1981;
AM23,
AF5,28,29,31,36,38,39,42,45,
SF49,50,52,53,

May 1983
AM30,
AF5,11,22,28,29,31,36,38,39,42,45,49,50,
SF53,25,35; JM55,59,73; JF54,56,60,61,
IN2m74,75; INI 76,77,78.

DATE 1981 Langur Troop size Nature of change
change noted _I_.D_. after event
28-29/1
7-12/2
16-24/2
25-26/2
28/2-13/3
2-16/4
18/4

21/4

5/5

26/6

14/7
30/7-11/8
16/8
1-28/9
8-15/12
12-14/1
15-16/1
19-20/1
16/2
24-26/2

3-15/3
19-20/3
12-14/4
29/4-21/5

21-27/5

F35
*
*
*

F47
F17
INI f 17
AF22
IN2f25
INlmlS
AF11
IN1X19
AM23
AM30
INI f 46
INI f 35
INI f 47
IN2f47
IN2f25
IN2f46
F54
M55
F56
F58
IN2f35
SF49
M59
F60
F61
M73
SF50
M74
M75
INlf58

15
16
17
18
19
20
19
20
21
20
21
20
19
20
—
— —
— —

19
—

18
19
20
21
22
—
—

23
24
25
26
—

27
28
27

1983
20/6/1982-
-9/4/1983

SF52
F76
M77
M78
INI£54
INlm55
INlf56
INlm59
INIf60
INlf61
INlm73
INlm74
INlm75

26
27
28
29

Born to AF5.
Birth.
Birth.
Birth.
Birth to AF36.
Birth probably to AF28.
Death, infanticide by "Q"
Immigration from "B" troop.
Immigration from "B" troop.
Death, infanticide by "Q"
Immigration from "B" troup.
Death, infanticide by "Q"
Missing, presumed dead or emigrated.
Immigration from "Q" troup.
Matured to IN2 status.
Matured to IN2 status.
Matured to IN2 status.
Missing, presumed dead or emigrated.
Matured to JF status.
Missing, presumed dead or emigrated.
Birth to AF11.
Birth to AF38.
Birth to AF28.
Birth to AF39.
Matured to JF status.
Matured to AF status.
Birth to AF49.
Birth to AF36.
Birth to AF29.
Birth to AF42.
Matured to AF status.
Birth to AF50.
Birth to AF45.
Missing, presumed dead or emigrated.

Missing, presumed dead or emigrated. 
Birth to AF5 (estimated January 1983) 
Birth to AF39 ( " " " ) 
Birth to AF22 ( " " " )

•Matured to Juvenile status.

Matured to IN2 status. 
Matured to IN2 status.
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APPENDIX V.D ADULT AND SUB-ADULT FEMALE HISTORIES. 

In the following three pages the reproductive histories 

of "C" troop females are summarized. For abbreviations 

see Table 4.A. See also Chapter 6, Appendix V.B,C.

F = Female 

M - Male

langur identity (provisional) 

langur identity (confirmed)

birth

Transfer of "B" animal to "C". V 

Maturation A

Infanticide +

Disappearance *

Copulations •

(Copulations and solicitation frequency are expressed as the 

number of occurences opportunistically observed per day)
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APPENDIX V.E : Species of herb and grass consumed by "C" troop,

Species Family Plant part
Cynoglossum wallichi Boraginaceae seed
Acanthospe rmum hispidum Compositae entire
Plectrocanthus icanus Labiatae seed
Tridax procumbens Compositae flower
Cassia tora Leguminosae leaf
Vitis latifolia Vitacae leaf
Flamengia bracteata Leguminosae seed
Scleria tessellata Cyperaceae seed
Oryza sativa Graminae seed
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APPENDIX V.P PERCENTAGE RANGE OVERLAP BETWEEN MONTHS.
Sum of shared

MONTH APR

APRIL 100 . 0
MAY
JUNE
JULY
AUGUST
SEPTEMBER
OCTOBER
NOVEMBER
DECEMBER
JANUARY
FEBRUARY
MARCH
APPENDIX V.G
sum of shared
ITEMS

Apr
April 100
May
June
July
August
September
October
November
December
January
February

percentages , see Chapter 8 .

MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR

41.9 35.2 42.5 42.0 40.4 34.7 33.2 38.3 26.2 37.7 40.7
100.0 54.1 44.2 52.2 48.8 40.9 44.0 43.8 47.1 50.7 54.4

100.0 51.7 44.9 45.2 39.9 40.2 38.2 48.2 48.3 50.3
100.0 55.2 56.2 43.7 41.8 50.2 51.0 52.1 48.1

100.0 56.3 38.9 42.8 49.0 41.5 49.9 55.5
100.0 43.7 45.8 52.3 47.4 47.2 44.1

100.0 45.8 46.7 39.0 41.0 49.4
100.0 55.6 37.3 36.0 37.4

100.0 43.9 44.8 48.4
100.0 50.6 45.0

100.0 57.2
100.0

MONTHLY FEEDING BUDGETS : PERCENTAGE OVERLAP.
percentages, see Chapter 9.

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
38.5 39.8 39.6 28.6 33.1 26.9 27.7 11.7 33.2 48.7 60.2

100 87.8 56.7 38.7 28.7 71.1 25.4 13.1 15.0 22.4 16.0
100 51.5 36.2 25.2 69.6 26.6 12.9 16.0 23.2 16.6

100 57.0 44.1 46.5 40.7 25.7 27.6 36.1 20.3
100 78.1 57.0 65.5 56.2 57.2 56.9 15.0

100 50.1 73.9 64.1 66.3 64.0 24.4
100 44.4 32.3 32. O 40.2 11.4

100 81.3 70.5 57.7 17.8
100 66.7 45.2 12.9

100 67.8 33.9
100 55.9

SPECIES AND ITEMS
Apr

April 100
May
June
July
August
September
October
November
December
January
February

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar
20.2 13.5 14.2 4.9 5.6 2.9 3.4 3.0 3.4 8.0 11.8

100 52.9 20.6 4.9 5.3 3.1 3.1 4.2 4.5 5.8 6.5
100 18.2 4.7 4.3 1.5 1.4 0.1 2.0 3.4 3.3

100 17.6 19.6 10.9 12.3 12.8 11.1 10.0 4.5
100 39.7 13.8 18.9 25.3 20.4 14.6 3.8

100 35.7 44.9 46.1 36.3 23.7 4.8
10O 27. O 24.0 21.3 13.3 3.O

100 75.6 60.6 36.6 4.O
100 55.8 32.3 4.3

1OO 4O.2 10.8
100 23.8
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APPENDIX V.H. Phenology availability index and climate data. 
See Chapters 3,4 & 9.

April 204.72
May 261.20
June 311.61
July 381.61
Aug 394.82
Sept 395.58
Oct 393.23
Nov 394.85
Dec 394.08
Jan 377.84
Feb 322.36
March 202.72

Ity Index

99.93
36.55
39.45
47.92
28.04
5.55
3.68

32.07
46.25
32.1
38.32
07.98

3
101
74
93
56
22
4
4

33
46
51

136
140

.57

.17

.87

.64

.66

.30

.69

.11

.90

.03

.12

.01

4
45
54

205
133
34
32
2

31
46
51

136
109

.27

.08

.39

.94

.58

.05

.79

.55

.38

.04

.37

.99

5
40.69
21.56
2.25
4.89
1.12
2.69
1.39
2.04
0.77
3.12

80.29
262.63

6
213.
179.

2.
2.
3.
0.
0.
0.

0.
0.

80.

00
30
82
85
32
02
45
90
0

12
70
28

7
169
284
109
63
32
28
19
18
19
18
15
10

Climate data

.07

.68

.45

.32

.37

.31

.13

.35

.99

.02

.71

.52

8
0
8

329
525
133
208

0
0

25
20
3
8

9
37.8
39.4
36.7
28.1
29.0
31.2
29.8
27.1
24.8
25.6
25.6
31.4

1-9 Availability index for each phytophase. 
1 Mature leaf 2 Young leaf

Open leaf bud 4 Leaf bud
Flowerbud 6 Flower
Fruit
Total monthly rainfall/mm

3
5
7
8
9 Mean maximum daily temperature per month/ C




