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Appendix 1

Influence of heterospecific neighbors on fruit 
removal of P. emblica 

The influence of heterospecific fruiting neighborhoods was meas-
ured only in the second year of the study (2006 – 2007). Just be-
fore fruit ripened, along with P. emblica, the MFDP was surveyed 
for other co-fruiting ruminant-dispersed species, i.e. Terminalia 
belerica, Terminalia chebula (Combretaceae), Catunaregam spinosa 
(Rubiaceae), Garuga pinnata (Burseraceae) and Zizyphus xylopyrus 
(Rhamnaceae). Of these species, all except C. spinosa, had fewer 
than five fruiting individuals on the MFDP. Hence only the effect 
of fruiting C. spinosa neighbours on fruit removal of P. emblica 
could be evaluated. The models described in the main document 
for fruit persistence, fruit deposition, fruit removal in 24 h and 
120 h intervals were run incorporating densities of fruiting C. 
spinosa neighbors.

The results indicate that fruits persist longer on fruiting P. 
emblica trees when they have fewer C. spinosa neighbors (Table 
A1.1). Presence of C. spinosa neighbors did not influence fruit-fall 
rates in P. emblica (Table A1.2). C. spinosa densities influenced 
removal from fruiting P. emblica trees in the 24 h time window 
(Table A1.2). The interactions between C. spinosa densities, crop 
size of P. emblica trees and intraseasonal time in this model indicate 
that the effect of heterospecific neighborhoods on daily foraging 
decisions taken by ruminants was not uniform across spatial or 
temporal scales. However, these effects did not persist into the 120 
h time window and C. spinosa densities did not influence the total 
quantity of fruit removed by ruminants (Table A1.2). 

Langurs are primary arboreal frugivores of both P. emblica 
and C. spinosa. Presence of fruiting C. spinosa neighbors, that are 
also attractive to langurs, might facilitate langur visits to P. em-
blica trees, leading to shorter fruits persistence on P. emblica trees. 
Though presence of C. spinosa trees did not appear to influence 
the overall quantity of P. emblica fruits removed by ruminants, it 
did seem to influence daily foraging decisions taken by ruminants 
to visit fruiting P. emblica trees in complex ways. 

Table A1.1. Generalized linear mixed effect model exploring the influence of fruit crop size (FCS), conspecific and heterospecific neigh-
bourhood densities on fruit persistence and fruit deposition (in 24 h) from P. emblica trees (n = 22).

 Fruit persistence Fruits deposited in 24 h 
 Coef ± SE p Coef ± SE p

(Intercept)  4.14 ± 0.11 ***  0.61 ± 0.21 **

logFCS  0.07 ± 0.12 ns  0.5 ± 0.18 **

Conspecific density _0.03 ± 0.121 ns _0.09 ± 0.191 ns

C. spinosa density _0.31 ± 0.123 **  0.12 ± 0.131 ns

***p > 0 and < 0.001,**p > 0.001 and < 0.01, *p > 0.01 and <0.01, ns p > 0.1 
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Table A1.2 Generalized linear mixed effect model exploring the influence of fruit crop size (FCS), conspecific and heterospecific neigh-
bourhood densities on daily foraging decisions taken by ruminants (in 24 h) and the quantity of fruits removed by ruminants (in 120 
h) from P. emblica trees (n = 22).

 Fruit removal in 24h Fruit removal in 120h
 Coef ± SE p Coef ± SE p

(Intercept) –0.95 ± 0.21 ***  3.43 ± 0.46 ***

logFCS  0.58 ± 0.17 ***  0.19 ± 0.32 ns

Conspecific density –0.43 ± 0.18 *  0.39 ± 0.38 ns

Time  0.5 ± 0.12 ***  1.13 ± 0.22 ***

C. spinosa density –0.29 ± 0.15 *  0.46 ± 0.38 ns

Conspecific density: logFCS  0.33 ± 0.15 *  0.38 ± 0.29 ns

Time: conspecific density  0.51 ± 0.09 *** –0.13 ± 0.22 ns

Time: logFCS –0.15 ± 0.13 ns –0.97 ± 0.23 ***

C. spinosa density: conspecific density –0.15 ± 0.16 ns –0.32 ± 0.38 ns

C. spinosa density: logFCS –0.69 ± 0.15 ***  0.5 ± 0.33 ns

Time: C. spinosa density –0.98 ± 0.11 *** –0.33 ± 0.23 ns

***p > 0 and < 0.001, **p > 0.001 and < 0.01, *p > 0.01 and < 0.01, ns p > 0.1



3

Appendix 2

Choice of clumping index to measure influence of 
fruiting neighborhoods 

Fruiting neighbourhoods (conspecific or heterospecific) were 
summarized in three different ways to check if neighbours which 
were closer to focal trees extended greater effect than those that 
were further way. Clumping index 1 was the sum of the number 
of fruiting conspecific neighbours (or heterospecific neighbors in 
year 2) within 50 m from the focal tree. For clumping index 2 and 
3, the number of fruiting conspecific neighbours (or heterospecific 
neighbors in year 2) in concentric annuli at intervals of 10 m, 
starting from 0 up to 50 m from the tree was calculated. In clump-
ing index 2, neighbours lying within the 0 – 10 m annulus were 
weighted by a factor of five; those within the 10 – 20 m annulus 
by a factor of four and so on till neighbours within the 40 – 50 m 
annuli received a weight of one. Clumping index 3 is the actual 
densities of neighbours within each annulus, where the number of 
neighbours lying within each annulus was divided by the area of 
the annulus. Clumping index 3 gave weights to neighbours in the 
smallest to largest annuli in the ratio of 25:6:3:2:1. These indices 
were highly correlated with each other (index1 and 2: Pearson’s r = 
0.98, p < 0.001; index 2 and 3: Pearson’s r = 0.97, p < 0.001) and 
were hence introduced sequentially into the statistical models. The 
models were simplified and compared using likelihood ratio tests 
as described in the main manuscript.

Only in the fruit persistence model, for the high fruit avail-
ability year, where conspecific neighborhood densities has a sig-
nificant effect, clumping index 2 fit the model better than other 
indices. This implies that fruiting neighbors closer to focal trees 
had a greater influence on fruit persistence, which is largely deter-
mined by langur foraging activity. For 24 as well as 120 h removal 
models, in either year, when conspecific neighborhood densities 
influenced fruit removal, the three clumping indices were not too 
different from each other when compared using likelihood ration 
tests. Hence, using the principle of parsimony, the simplest index, 
i.e. clumping index 1, which is the sum of the number of fruiting 
neighbors within 50 m, was used for analyses. 
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Appendix 3
Sample sizes for fruiting P. emblica trees chosen for monitoring fruit removal in the nine possible combinations of three crop size levels 
and three neighborhood density levels in each of the two study years (high year: 2005 – 2006; year 2: 2006 – 2007). The ranges for the 
three crop size levels for the first (< 1000, 1000 – 5000, and > 5000 fruits) and second year (< 500, 500 – 1500, and > 1500 fruits) as 
well as the ranges for neighborhood density levels for the first (< 4, 5 – 8, > 8 trees) and (< 2, 3 – 7, > 7 trees) the second year reflect the 
fruiting scenario on the MFDP that year. 

Crop size Low Intermediate High
Neighborhood density Year 1 Year 2 Year 1 Year 2 Year 1 Year 2

Low 3 2 3 2 2 4

Intermediate 2 2 2 4 2 2

High 2 2 2 2 2 2


