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Abstract: The role of sacred forest patches in maintaining biodiversity and offering ecosystem services is well
established, though the functional aspects are understated. This study aims to understand the functional diversity of
tree reproductive traits of sacred forest patches in an altered landscape. Twenty-five sacred groves in Palakkad region,
Kerala, India, were chosen to assess the distribution of five reproductive traits — pollination mechanism, fruit size, seed
number, seed size and dispersal mechanism — among the tree populations. The data matrix was analysed for overall
trait-state distribution, functional diversity assessment and its relation to environmental parameters and disturbance
in the area. A total of 87 woody species was documented with a fairly homogenized distribution of fruit and seed
characters, with >50% of the recorded trait states in each grove in comparison to control plot. Pollination and dispersal
mechanisms are dominated by a single guild. e.g. insects and birds, often generalist in nature. Functional richness had
a strong correlation with Shannon’s index and disturbance, but evenness and divergence were weakly related with
others. Comparative assessment with null model showed no significant deviations from expected results indicating
apparent lack of habitat filtering or resource competition among sacred groves. The trait homogenization and overall
simplification of the grove biota is perhaps an outcome of rapid land-use change and its consequences on specialist
members. This study shows sacred groves are important for maintaining a plethora of functional traits in the altered
landscape. However, the prevalence of generalist mediators indicates maintenance of basic ecological functions in the
landscape without support for specialist ones.
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INTRODUCTION

The occurrence and survival of multiple species in trop-
ical landscapes owe primarily to landscape heterogeneity.
The various landscape elements contribute towards
resource diversity, multiple niches, competition and
complementary mechanisms (Brown 2014, Gardner et al.
2009, Gentry 1992). Depending on human intervention,
heterogeneous landscapes may be natural, semi-natural
or fully managed — the pattern is also discernible from its
species profile and ecological functions (Flynn et al. 2009,
Jamoneau et al. 2011, Lamy et al. 2016, Rodrigues et al.
2014).

Landscape heterogeneity to some extent correlates
with functional diversity, a frequently used indicator of
the functional status of a community or an ecosystem
(Ackerly & Cornwell 2007, Cornwell & Ackerly 2009,
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Mason et al. 2005, Mouchet et al. 2010, Petchey & Gaston
2006). The type, range and abundance of traits often
govern ecosystem services and form a connecting link
between biodiversity and ecosystem function (known as
the BEF relationship) (Bello et al. 2010, Diaz et al. 2007).
Thus, the diversity of functional traits often outperforms
species richness in explaining the mechanism of the BEF
relationship (Cadotte et al. 2011, Diaz & Cadibo 2001,
Lacroix & Abbadie 1998).

Reproductive traits, usually a critical factor in plant dis-
tribution, community composition and survival also facil-
itate fundamental ecological functions including plant—
animal interactions, food chain maintenance, population
control and multiple ecosystem services (Barrett 2010,
Garnier & Navas 2012). These traits, often sensitive to
perturbation in a modified landscape, can be used as sur-
rogates for studying the BEF relationship under varied cir-
cumstances (Aguilar et al. 2006, Girao et al. 2007, Kolb &
Diekmann 2005, Lopes et al. 2009, Mayfield et al. 2006).

Downloaded from https://www.cambridge.org/core. IP address: 117.219.205.140, on 18 Dec 2017 at 10:49:12, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/50266467417000360


https://doi.org/10.1017/S0266467417000360
mailto:rajasri.ces@gmail.com
https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0266467417000360
https://www.cambridge.org/core

380

Culturally protected forest patches (or sacred groves,
henceforth SG) are one of the integral components in
the heterogeneous landscape in the tropics (Verschuuren
& Wild 2012). While the functionality and vulnerability
of the SGs are identical to other remnant woodlands
(Anand et al. 2010, Benayas et al. 2008, Bodin et al.
2006, Sreevidya et al. 2016), by being a part of past
contiguous forests and enjoying social protection, the
majority of the groves harbour plant assemblages with
diverse morphological and reproductive traits. Empirical
studies, on this line, have mostly focused on species
enumeration (Ray et al. 2014a), a few on ecological and
ecosystem functions (Blicharska et al. 2013, Cardelas
et al. 2013, Ryan et al. 2017); whereas landscape-level
investigations are poorly represented except for a few
such as connectivity in coffee-agriculture-forest matrix
(Bhagwat et al. 2005), and survival of regional endemics
(Ray et al. 2014b). However, the key issues, such as the re-
lationship between species diversity and the trait pattern
and richness in remnant patches remain under-studied,
while the gained insights would justify sacred groves’
contribution to regional biodiversity and maintenance of
ecosystem function in modified landscapes.

In the current study, we have focused on functional
aspects of sacred groves of Palakkad district, Kerala,
India. Palakkad, an agricultural centre of Kerala, is
dominated by a moderate to highly modified landscape
mosaic with agriculture, plantations, home gardens,
rural settlements and SGs. The majority of the SGs
are remnants of earlier forest patches, harbouring a
variety of biota yet in a much degraded state (Divya &
Manonmani 2013, Premakumar & Vinothkanna 2015,
Scaria et al. 2014). We have selected various reproductive
traits and tested the following hypotheses: (1) taxonomic
diversity in sacred groves can act as surrogate for
functional diversity (in terms of reproductive traits); (2)
given the state of degradation and prevailing disturbance,
human intervention rather than environment governs
the trait distribution pattern in the study area.

STUDY AREA

Field investigations were carried out in three districts,
Palakkad, Mallapuram and Thrissur of Kerala, India
covering central lowland and a 30-km-wide gap (Palghat
gap) in the Western Ghats mountain chain of India
(Figure 1). The Palghat gap has immense importance
in the distribution pattern of flora and fauna as it
geographically divides the region into a north-south
dimension i.e. the northern and southern Western Ghats.
The Western Ghats is one among 35 global hotspots of
biodiversity (www.cepf.net).

The Palghat gap plays an important role in moderating
the climate of Palakkad and the western Tamil Nadu.
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Figure 1. The geographic location of the state of Kerala (light blue in
colour) in India (inset image). The broken line indicates the boundary of
the Western Ghats (www.cepf.net) and the position of the Palghat gap is
indicated by an oval area (coloured dark blue) in the Western Ghats. The
locations of sacred groves in the Palghat gap, Kerala, India are denoted
by stars.

The moisture laden south-west monsoon winds pass
through the gap influencing the amount of rainfall
in western Tamil Nadu compared with other parts.
Similarly, climatic phenomena controlled by the Bay of
Bengal also influence the Palakkad region because of
the gap (Nair 2006, Raj & Azeez 2010). This region
gains high ecological importance due to the climatic
peculiarities with unique spatial patterns of rainfall com-
pared with other parts of Kerala. The study area is part
of a heterogeneous landscape with agriculture (paddy,
vegetables, fruit, spices and condiments), plantations
(coconut, rubber), water bodies, etc. Sacred groves or
culturally protected remnant forest patches are dotted in
the landscape in close association with rural settlements.

Sacred groves

Twenty-five sacred groves (known locally as kavus) —
17 from Palakkad, six from Thrissur and two from
Mallapuram districts were selected for field investigations.
The study area extends from 10.44-10.97°N and 76.06—
76.70°E and the landscape is dominated by agricultural
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land, plantations, rural settlements, road and fallow
lands. The selected groves are from the Gap area
(Palakkad District), North of Palakkad (Malappuram
District) and south of Palakkad (Thrissur District).

METHODS
Vegetation sampling

Vegetation sampling was carried out using a transect-
cum-quadrat method and due to their small size (~ <1
ha), oneline transect of 180 m waslaid in each grove. Five
quadrats of 20 x 20 m for tree (>30 cm gbh) inventory
were laid at equal distances alternately along left and
right of this transect. For comparative assessment, one
control plot (one control plot per grove) was laid in veget-
ation patches outside the grove (home gardens, scattered
trees, isolated small patches). Due to the wide variation
in size and nature of the surrounding vegetation patches
attempts were made to lay each control transect in the
biggest patch wherever possible. All documented species
were identified using regional floras and consultation
with experts. The woody species assemblages from each
grove and control plot were further used for accumulation
of information on reproductive traits.

Functional-trait selection and data collection

Plant-pollinator and plant-disperser interactions have a
crucial role in shaping plant communities in diverse
ecosystems and environments. Traits considered in this
study were pollination mechanism, dispersal mechanism,
fruit size, seed number and seed size, based on their
role in maintaining basic ecological functions across the
landscape (Girao et al. 2007, Mayfield et al. 2013, War-
ring et al. 2016). Moreover, availability of information
and possibility of quantification were other determining
factors for trait selection. The trait states and their
distribution were quantified in studied sacred groves and
control sample areas.

Pollination and dispersal mechanisms were recorded
through field investigations and by review of regional
floras and research papers. We considered all major
agents of pollination (i.e. abiotic and biotic) and sub-
categorized them according to our field observation and
literature (e.g. wind, self, insect, bird, bat, small mammals
etc.). Similarly, for dispersal, both anemochorous and
zoochorous modes were considered for study as they
were present in the study area. Like pollination, dispersal
modes were sub-categorized (e.g. wind, bird, bat, small
mammals, mechanical, human-mediated etc.) to capture
the local diversity in the study area. Data gaps were
addressed by assigning the type with the flower and fruit
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structures as reported in the literature (Balamurali et al.
2015, Wheelwright 1985). Also, multiple pollinators and
dispersers for a species have been recorded accordingly.
All pollination and dispersal trait states were considered
for functional analysis.

Fruit and seed size data were gathered from the field
primarily by measurements made on fruits and seeds
(10 samples per species) or from herbarium records,
published floras and research papers (Nayar et al. 2006,
Ramachandran & Nair 1988, Subramanian et al. 1987,
Vajravelu 1990). Fruit and seed size categories were made
based on the length and width of dry fruit and seeds. The
categories for fruit size were: very small, 0.15-2 x 0.15-
2 cm; small, 2.1-4 x 2.1-4 cm; medium, 4.1-6 x 4.1-6
cm; big, 6-8 x 6-8 cm; huge, >8 x >8 cm long in any
dimension. The categories for seed size were: ‘very small’,
not measurable; ‘small’, 0.1-1 cm x 0.1-1 cm; ‘medium’,
1.1-2 cm x 1.1-2 cm; ‘big’, 2.1-3 cm x 2.1-3 cm; and
‘huge’, > 3 cm long in any dimension (Cornelissen et al.
2003, Mayfield et al. 2006). For seed numbers, single,
double, few (3—5), more (6—8) and many were used for
data categorization.

Environmental parameters

For each grove, information on 19 bioclimatic variables
was collected from the Worldclim dataset (version 1.4) re-
lated to rainfall, temperature, and seasonality (Appendix
1). Principal component analysis (PCA) was conducted to
address the multiple collinearities among the variables.
The first two axes explained 81% variation of the data.
The grove scores on the first two axes were extracted and
two new variables PC1 and PC2 were created for further
analysis.

Estimation of disturbance

Five factors such as spatial extent, encroachment, plant-
ation, invasive species and cultivation were prioritized
for disturbance assessment based on their impact on
grove ecosystem. The spatial extent of the groves was
measured by following steps, area survey with GPS
(Garmin e-Trex), transferring the survey information to
mapping software (MapInfo version 11.0), calculating
the area of the polygon and validation of the result
with available land documents. A similar exercise was
done for encroachment, plantation, invasive species and
cultivation with minor modifications whenever required.
The magnitude of the factor was quantified by comparing
it with the total area of the grove. These factors were
rescaled based on the level of disturbance (Table 1).
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Table 1. Parameters prioritized for disturbance assessment in sacred groves.

Disturbance factors Scale 1 2 3

Grove spatial extent >2 ha <2ha <1lha
Encroachment None <25% >25%

Plantation No plantation Around the grove Inside the grove
Invasive species No invasive Around the grove Within the grove area
Cultivation No cultivation Around the grove Inside the grove

Analysis of vegetation data

Data collected from each transect of sacred groves were
analysed using EstimateS version 9.1.0 to assess the
taxonomic diversity — (species richness and Shannon—
Wiener index). Average trait state was estimated for
each functional trait in grove and control plots. A
relative functional score of each grove and control plot
was calculated based on trait state richness. Multivari-
ate functional diversity indices (henceforth FD indices)
were calculated with trait variables (pollination type,
dispersal type, fruit size, seed number and seed size)
through the FD package of R using the function dbFD
(Laliberté & Legendre 2010). Four functional diversity
indices were considered for data analysis: FRic: functional
richness indicates volume of functional trait space
of a community occupied; FEve: functional evenness
represents the evenness of abundance distribution in
the functional trait space; FDis: functional dispersion
interprets how species are dispersed (or spread) in the
functional space; and FDiv: functional divergence relates
how abundance is distributed within the functional trait
space.

To understand the significance of the functional
patterns, observed values from each grove were com-
pared with corresponding values from 999 random
assemblages. The randomization was made through the
independent swap option of package picante in R, using
all the species recorded across all the groves, while
keeping intact species occurrence frequency and sample
species richness for each grove. The significance test
was done by calculating standardized effect size (SES)
for each grove. The calculation takes the form: SES =
(Obs—Exp)/SDexp, where Obs is the functional diversity
index values obtained from observed data, Exp is the
mean of the 999 simulated assemblages and SDexp
is the standard deviation of the 999 indices from the
simulated communities. Assuming normal distribution
of the deviations, it is expected that 95% of SES values
should fall between —1.96 and +1.96. Outside this range,
values were considered as statistically significant at P <
0.05 (Ding et al. 2013). Moreover, the significance of
the comparison was tested by multiple hypothesis testing,
Benjamini—-Hochberg method (Benjamini & Hochberg
1995).

Analysis of disturbance data

The magnitude of disturbance was analysed through
scoring by assigning equal weight to all disturbance para-
meters given. The value was expressed in terms of relative
disturbance ((scored value/maximum disturbance value)
x 100) (Ray et al. 2014b). Due to the categorical nature
of the disturbance parameters a categorical principal
component analysis (CATPCA) was conducted to identify
the principal disturbance factors and their association
with groves (SPSS trial version 17).

Association of climate and disturbance with functional traits

Each individual trait (number of trait states) and its
relation with disturbance was tested through polyserial
correlation due to mixed nature of the variables (e.g. cat-
egorical vs. continuous). Both univariate (Pearson correl-
ation) and multivariate analysis (NMDS) were conducted
among disturbance (relative disturbance score), climate
(PC1 and PC2 environmental variables), taxonomic
(Shannon index) and functional diversity indices (FRic,
FEve, FDiv and FDis). Data were log-transformed before
multivariate analysis. Further, the trait-environment
association was tested through RLQ and fourth-corner
analysis (Dray et al. 2014). All analyses were conducted
in R version 3.3.1 using packages polycor, Hmisc, vegan
and ade4.

RESULTS

Species richness and distribution of reproductive traits

A total of 87 tree species from 38 families were recorded
in the studied sacred groves, with the almost equal
representation of evergreen (~55%) and deciduous
species (~44%) (Appendix 2). Observed species rich-
ness range was 7—-27 (average 12.1) and Shannon
diversity was 2.04-3.47 (average 3.19). Depending on
the available trait data, the analysis was carried out
for 79 species. Studied groves represented a higher
number of trait states in comparison with control
plots (Figure 2). Species- and abundance-based estimates
showed a similar pattern in trait state distribution
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Figure 2. Bar plots showing the distribution of various states of the reproductive traits (mean =+ S.D.) across the studied sacred groves and control
plots in Palakkad, Kerala. Black and white bars represent grove and control areas respectively. The length of the bar represents average number of

states in a trait and the error bar represents standard deviation.

(Figure 3). Pollination trait state showed the dominance
of insect-based mechanisms (89.1%), followed by wind
(7.4%) and negligible contributions from bird- and small-
mammal-based mechanisms. In less-disturbed groves,
apart from dominant modes, bird- and small-mammal-
based mechanisms (~ 4—6%) were recorded. In dispersal,
bird- and small-mammal-mediated mechanisms were
prevalent over others (31.8% and 26.5% respectively).
The percentage of bat-mediated dispersal was drastically
different between groves with low and high disturbance
(~11-16% and 6-7% respectively). Both pollination and
dispersal states had inverse relation with disturbance
(rho = —0.563, SE = 0.137 and rho = —0.223, SE =
0.208). A majority of the fruits were in the very small to
small size category (42% and 20% respectively). Fruit size
distribution had a near homogeneous pattern but very
small size has greater relative presence in highly disturbed
groves. For seed number, species with a single seed were
dominant followed by many-seeded members (50% and
23.2% respectively) and for seed size, small and medium
types were prominent (51.1% and 18.6%). Disturbance
and trait state richness were negatively correlated (rho
= —0.596, SE = 0.116), while functional score (based
on trait state richness) had positive association with
functional dispersion (r = 0.46, P = 0.01).

Functional diversity

Functional richness (FRic) had significant correlation
with species diversity and disturbance (r = 0.65 and

—0.65, P =0.0004 and 0.0004). Functional divergence
(FDiv) and evenness (FEve) were independent of species
richness and showed comparatively higher values (0.5—
0.9 for FEve and 0.6-0.9 for FDiv) across the groves
(Table 2). However, functional dispersion (FDis), which
is a weighted version of functional richness (FRic),
was differentially correlated with FDiv and FRic (r=
0.40, P <0.05 and r=0.62, P <0.001) and like FRic,
related with species diversity but not so with disturbance.
There was no significant difference between observed
and simulated values for testing indices. All the observed
FRic values were below the mean values of simulated
assemblages (100% lower than expected) without any
significant difference. FEve had significantly lower values
than expected in two sacred groves (SES-FEve values:
—2.40 and —2.27) but rest of the cases i.e. remaining
FEve, FDiv and FDis showed mixed patterns (i.e. both
upper and lower values than expected) without having
any statistical significance (Appendices 3, 4).

Result of multivariate analyses

Categorical principal component analysis (CATPCA) ex-
plained 67.4% of variance through its first two dimen-
sions (Figure 4). Grove area, encroachment and invasive
species were found to be major factors for dimension 1
whereas factors such as plantation and cultivation had
near equal contribution to both the dimensions. Groves
with higher functional richness values clustered together
opposite to the major disturbance factors.
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Figure 3. Relative presence of fruit and seed trait states in studied groves in Palakkad, Kerala (mean =+ S.D.). Black and white bars present species and
abundance based average values. The x-axis shows types of trait states and y-axis represents relative presence values. Error bar represents standard

deviation. Fruit size(a), seed number (b) and size (c).

NMDS revealed the presence of two distinct clusters
in multivariate space. Functionally rich sacred groves
(Com3, 4, 5, 10 and 15) were present opposite to the
direction of disturbance variables while other groves
scattered around disturbance as well as climatic factors
(Figure 5). RLQ and fourth corner analyses did not detect
any significant association between studied traits and
environmental factors.

DISCUSSION

While the role of the remnant patch in biodiversity and
ecosystem services has been examined extensively, func-
tional aspects become nascent in comparison. The groves
in our study area are tiny isolated vegetation patches
(mostly <1 ha) in the heterogeneous landscape domin-
ated by agriculture and plantations. They are remnants
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Table 2. The result of the Pearson correlation analysis of functional diversity indices with environmental and disturbance variables studying at
sacred groves of Palakkad, Kerala. PCA1 and PCA2 = first two orthogonal bioclimatic axes of PCA conducted with 19 bioclimatic variables for
addressing redundancy; Dist = relative percentage of disturbance; Shannon. D = taxonomic diversity index; Func. score = relative score calculated
based on trait state richness in each grove; Fric, Feve, Fdiv and Fdis = Functional richness, evenness, divergence and dispersion respectively. Values

indicate correlation between the variables (r) and probability (P) (** =P <0.01, *** =P <0.001).

PCA1 PCA2 Dist. Shannon. D Func. score Fric Feve Fdiv
PCA2 0.123
Dist. —0.024 —-0.267
Shannon. D —0.051 0.116 —0.281
Func. score —-0.358 0.071 —0.654** 0.325
Fric —0.136 0.018 —0.648**** 0.65%** 0.766***
Feve 0.112 -0.113 0.077 0.23 —-0.323 —0.058
Fdiv —0.142 0.046 —0.067 —-0.249 —-0.073 0.049 -0.25
Fdis —0.333 0.218 —0.252 0.546* 0.487* 0.616** -0.299 0.395
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Figure 4. Result of the Categorical principal component analysis (CATPCA) of disturbance factors to identify major drivers of disturbance in studied
sacred groves in Palakkad, Kerala. Dimensions 1 and 2 are orthogonal independent axes representing ~67% variance of the data. Inv_sp = invasive
species, enc = encroachment, area = grove area, plantation = Teak (Tectona grandis L.) plantation, cultivation = cash crop cultivation area. Numbers

indicate studied sacred groves.

of once continuous forests which have undergone further
degradation over time owing to anthropogenic pressures,
but are still revered and protected by local communities.
Regional-scale ecological studies on the sacred groves
of Kerala have covered biodiversity and environmental
issues for a few culturally and geographically prominent
ones but functional aspects have yet to be addressed
(Chandrashekhara 2011, Rajendraprasad 1995).

Species richness and distribution of reproductive traits

A comparative assessment of woody species assemblage
between groves and surroundings has revealed their

supportive role in species survival. The average Shannon
diversity (3.19) is comparable to other similar studies
especially from altered or disturbed areas (Anbarashan
& Parthasarathy 2012, Behera & Pradhan 2015, Mishra
et al. 2004, Sundarapandian et al. 2013), where species
diversity is greatly affected by frequent land-use change,
area shrinkage and multiple ecological problems such
as regeneration failure, edge effect and invasive domin-
ance. The reproductive traits are distributed across the
landscape where each grove represents >50% of the
trait states on an average. The near identical nature of
trait distribution pattern in species- and individual-based
estimates confirm that species abundance has no signi-
ficant influence on trait state distribution. The overall
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Figure 5. The result of the Non-matric Multidimensional Scaling (NMDS) analysis of functional diversity indices with environmental and
disturbance variables. Coordinates 1 and 2 = number of dimensions used in the analysis. The stress of ordination is represented in Shepard plot with
stress value (inset image). com;_»5 = sacred groves; PCA1 and PCA2 = first two orthogonal bioclimatic axes of PCA conducted with 19 bioclimatic
variables for addressing redundancy; Dist = relative percentage of disturbance.

inverse relationship between disturbance and trait-state
richness is reflected in two major ecological functions, i.e.
pollination and dispersal. Fruit and seed trait distribution
is nearly homogeneous across the groves with minor
variations. Modes of pollination and dispersal have some
explicit patterns, e.g. complete absence of bird and small-
mammal pollinators, and near absence of bat-mediated
dispersal in highly disturbed groves. The pollination
guild is dominated by insects of Lepidoptera, Diptera,
Hymenoptera orders as well as abiotic agents (e.g. wind).
The insect pollinators include commonly available taxa in
the tropical semi-natural landscape which facilitate cross-
pollination to a limited distance, e.g. bees, butterflies,
moths, bumble bees, wasps, thrips, beetles and bugs.
A similar dominance of insect and wind pollination in
altered landscapes has also been reported from other
areas, but pollinator type tended to vary in response to
prevailing disturbance (Geslin et al. 2013, Moreira et al.
2015, Xiao et al. 2016). Girao et al. (2007) showed a
reduced number of tree species and individuals pollinated

by bats and Sphingids in fragments and an absence of fly-,
bird- and non-flying-mammal-pollinated trees together
with the changes in floral traits and sexual systems,
that may be a higher-order effect promoted by habitat
fragmentation. A similar observation was recorded by
Lopes et al. (2009), who found ~ 60% of tree species in
altered habitats have insect pollination and reproductive
trait states indicated domination of generalist pollinators.
The presence of generalist members in the woody species
assemblage with their multiple pollinator preferences
indicates their reproductive success in the landscape due
to pollinator availability during the flowering season. As
a consequence of this generalization process, biotic ho-
mogenization and shrinkage in plant-pollinator network
spectrum are partly evident in the study area.

On the other hand, dispersal is largely dominated by
birds and small mammals with moderate contribution
from wind. The underlying reason could be an abundance
of small juicy fruits in groves (mostly drupe and berry)
which are a common diet of generalist dispersers such
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as birds and small mammals. Earlier studies in altered
landscapes in the tropics have demonstrated that animal-
mediated seed dispersal has multiple constraints due to
direct or indirect changes in the ecosystem (e.g. frag-
mentation, hunting, alteration in resources). However,
the effect is primarily driven by the type of plant species
and the dispersers (Lindsell et al. 2015, Tscharntke et al.
2008, Wheelwright 1985). Likewise, multiple studies
have underscored that large-seeded plant species are
more affected than small-seeded counterparts due to
their limitation towards specialized dispersal agents; thus,
increasing the possibility of survival of small-seeded
members with generalist dispersers (Melo et al. 2010,
Seidler & Plotkin 2006). In our case, perhaps, the
presence of an agriculture-plantation matrix dotted with
home gardens, scattered trees and prominence of small-
seeded plants in grove provides overall support to the
generalist dispersers.

The disturbance has a significant impact on fruit
size distribution which presumably constrains animal-
mediated dispersal in highly disturbed groves (com12,
16, 20, 21, 22 and 23) where mechanical dispersal
mode shows a high frequency. Similarly, smaller fruits
are dominant in highly disturbed groves indicating the
involvement of agents such as wind or birds. Pertin-
ently, in widely distributed species such as Ailanthus
triphysa, Dalbergia sissoides, Holoptelia integrifolia, Hopea
ponga, Bombax ceiba, Alstonia scholaris and Albizzia lebbeck
lightweight seeds may facilitate wind dispersal.

Relation between species and functional diversity indices

Functional richness (FRic) and species diversity are
highly correlated in the study area. With the increase in
taxonomic diversity, functional characters tend to occupy
more empty spaces indicating alternative strategies per-
forming ecological functions, a trend observed in earlier
studies as well (Bu et al. 2014, Mason et al. 2005, Pake-
man 2011, Villeger et al. 2008, Whitfeld et al. 2014). The
impact of disturbance over functional richness is evident
from CATPCA and NMDS analysis where functionally
rich groves are clustered opposite to the disturbance
factors in multivariate space. However, the strong relation
between FRic and disturbance is not reflected in species
diversity index; which may imply that disturbing factors
have a greater effect on functional parameters than
taxonomic diversity. Functional evenness (FEve) and
divergence (FDiv) lack strong relationships with other
indices and disturbance. The relatively higher value
could be a result of homogeneous trait distribution
indicating an apparent absence of habitat filtering or
related mechanism (Warring et al. 2016). But, their high
values in these small groves could also be an indicator of
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loss of functional redundancy and ecosystem resilience in
the near future (Magnago et al. 2014).

Comparative assessment of observed and simulated
values of indices revealed no significant difference sug-
gesting the absence of convergence and divergence of
traits among the communities. However, as the com-
munity formation and survival is governed by multiple
processes, such as environmental filtering, limiting simil-
arity, neutral assemblages and demographic stochasticity,
the visible obscure pattern could be a cumulative effect
(Mi et al. 2016, Swenson 2012). In sacred groves
of a tropical landscape under similar environmental
conditions, the pattern can also be explained in light
of dynamic land-use change causing random loss of
trees and understorey vegetation irrespective of trait
characters (Anand et al. 2014, Ray et al. 2014b).

Association of diversity with environment and disturbance

Environmental effects on species and trait distribution
patterns seem to be minimal in the study area as
suggested by correlation, NMDS, RLQ and fourth corner
analyses. The geographic location may play a critical
role — the presence of the Palghat gap breaks the con-
tinuity of the Western Ghats mountain chain, disrupting
the characteristic temperature and rainfall gradient. Due
to the Western Ghats, the south-west and north-east
monsoons create a distinct temperature and rainfall
gradient in the southern part of Indian Peninsula which
is the major causal factor of rich biodiversity in the area
(Davidar et al. 2005, Gunawardene et al. 2007). However,
no such pattern is visible for species and trait distribution
in the gap area perhaps due to lack of the visible physical
barrier.

In contrast, human intervention has made a visible
impact on the grove system. Being part of a production
landscape, the area is under constant pressure from land
conversion for agriculture, plantation and settlement-
related issues which greatly affect the spatial extent of
the groves (Chandrashekara 2011, Chandrashekara &
Sankar 1998, Divya & Manonmani 2013). Similarly,
other factors e.g. changes in the traditional mode of
worship, peoples’ sensitivity and demographic patterns
often lead to encroachment, cattle grazing and other
related problems. Both indices, i.e. taxonomic and func-
tional diversity explicitly reflect this disturbance effect,
but the negative relation is stronger for functional aspects
especially volume of functional space (functional score,
FRic etc.). Thus, comparatively less disturbed groves
with higher functional richness and evenness (though
statistically not significant) may have better potential
for functional stability and resilience. Both functional
richness and evenness ensure redundancy and diverse
response to ecosystem resilience.
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The apparent randomness of the trait distribution
may be due to anthropogenic intervention, where land
conversion, tree felling (both natural and planned), and
plantation have a key role in shaping plant community
composition. The human-induced activities tend to make
habitat specialist species become more vulnerable than
generalist members forming simpler community struc-
tures. Nevertheless, the predominance of generalist spe-
cies with multiple strategies of pollination and dispersal
(as revealed by trait distribution pattern) highlights
the maintenance of general ecological functions in the
landscape. It also emphasizes the fact that taxonomic
diversity is not a suitable indicator for understanding
the functionality of a perturbed local ecosystem, as the
estimation does not rely on their functional unique-
ness/redundancy.

Implication for tropical landscapes

Landscape quality/utility assessment through a func-
tional approach holds great promise for tropical biod-
iversity maintenance and anthropocentric demands. The
thorough understanding of trait-mediated ecosystem
functioning processes has the potential for optimizing
ecosystem services and relevant ecological issues. In
accordance with the general notion, we also find that
the sacred groves in agriculture—plantation mosaics act
as reservoirs of the regional species pool and support
a plethora of reproductive traits which contribute to
local ecosystem functions. The overarching effect of
disturbance on FRic in comparison to taxonomic richness
brought out the importance of functional diversity as
an effective surrogate for assessment of the biodiversity-
ecosystem relationship. It has also strengthened the
prevailing notion that the remnant patches may have
constraints in maintaining biodiversity-ecosystem func-
tion (Hill & Curran 2003, Honnay et al. 2005, Lopes et al.
2009, Tabarelli et al. 2004), but their collective presence
in the area along with the ecological networks perhaps
mitigate the problems to an extent and thus reinforce the
key role of the groves in landscape mosaics (Benayas et al.
2008, Bodin et al. 2006, Fischer et al. 2006, Ziter et al.
2013).

The study, to our knowledge, is the first of its kind
in a sacred grove system from the tropics, uncovering
its role in the BEF relationship. Although our focus
is restricted to trait distribution pattern and diversity
indices, it offers a fairly valuable clue to the functional
status of these remnant patches. It also opens the
window for an extension of the study towards bridging
traits and ecological functions to elucidate the complex
natural pattern. In a global hotspot like the Western
Ghats, while sacred groves occupy only a small fraction
of the landscape their role in ecosystem conservation
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under participatory framework cannot be undermined.
However, in recent years, an increasing trend in grove
conservation and restoration activities largely ignore
functional aspects thus downplaying their importance
in biodiversity maintenance and ecosystem functioning.
This study thus attempts to address a hitherto under-
stated issue of this tropical landscape with an aim to
encourage further research and effective planning under
varied socio-ecological scenarios.
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Appendix 1. The 19 bioclimatic variables used for environmental
analysis. BIO1-19 indicates various temperature and precipitation
factors (both annual and seasonal) for climatic condition assessment
as stated in Worldclim dataset (source: www.worldclim.org).

BIO1
BIO2

BIO3
BIO4
BIO5
BIO6
BIO7
BIOS
BIO9
BIO10
BIO11
BIO12
BIO13
BIO14
BIO15
BIO16
BIO17
BIO18
BIO19

Annual Mean Temperature

Mean Diurnal Range (Mean of monthly (max
temp—min temp))

Isothermality (BIO2/BIO7) (*100)

Temperature Seasonality (standard deviation *100)

Max Temperature of Warmest Month

Min Temperature of Coldest Month

Temperature Annual Range (BIO5-BIO6)

Mean Temperature of Wettest Quarter

Mean Temperature of Driest Quarter

Mean Temperature of Warmest Quarter

Mean Temperature of Coldest Quarter

Annual Precipitation

Precipitation of Wettest Month

Precipitation of Driest Month

Precipitation Seasonality (Coefficient of Variation)

Precipitation of Wettest Quarter

Precipitation of Driest Quarter

Precipitation of Warmest Quarter

Precipitation of Coldest Quarter

Appendix 2. Woody species reported from 25 sacred groves of the

Palakkad, Kerala, India.

Species Family
Adenantherapavonina L. Leguminosae
Aegle marmelos (L.) Correa Rutaceae
Aglaia elaeagnoidea Benth. Meliaceae
Aglaia malabarica Sasidh. Meliaceae
Ailanthus triphysa (Dennst.) Alston Simaroubaceae
Albizia lebbek (L.) Benth. Leguminosae
Alstonia scholaris (L.) R.Br. Apocynaceae
Anacardium occidentale L. Anacardiaceae
Anogeissus latifolia (Roxb. ex DC.)

Wall. ex Guillem.& Perr.
Antiaris toxicaria Lesch. Moraceae
Aporosa lindleyana (Wight) Baill. Phyllanthaceae
Ardisia solanacea Roxb. Primulaceae
Areca catechu L. Arecaceae
Artocarpus heterophyllus Lam. Moraceae
Artocarpus hirsutus Lam. Moraceae
Azadirachta indica A.Juss. Meliaceae
Bombax ceiba L. Malvaceae
Bombax insigne Wall. Malvaceae
Borassus flabellifer L. Arecaceae
Bridelia retusa A.Juss. Phyllanthaceae
Butea monosperma (Lam.) Taub. Leguminosae
Carallia brachiata (Lour.) Merr. Rhizophoraceae
Carica papaya L. Caricaceae
Caryota urens L. Arecaceae
Cassia fistula L. Leguminosae
Cinnamomum verum J.Presl. Lauraceae
Cleistanthus collinus (Roxb.) Benth. ex Hook.f. Phyllanthaceae
Cocos nucifera L. Arecaceae
Corypha umbraculifera L. Arecaceae

Appendix 2. Continued
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Species Family
Dalbergia sissoides Graham Leguminosae
Dillenia pentagyna Roxb. Dilleniaceae
Dimocarpus longan Lour. Sapindaceae
Diospyros assimilis Bedd. Ebenaceae
Diospyros paniculata Dalzell Ebenaceae
Dysoxylum beddomei Hiern Meliaceae
Elaeocarpus recurvatus Corner Elaeocarpaceae
Ficus benghalensis L. Moraceae
Ficus exasperata Vahl Moraceae
Ficus racemosa L. Moraceae
Ficus religiosa L. Moraceae
Harpullia arborea (Blanco) Radlk. Sapindaceae
Holigarna arnottiana Hook.f. Anacardiaceae
Holoptelea integrifolia (Roxb.) Planch. Ulmaceae
Hopea ponga (Dennst.) Mabb. Dipterocarpaceae
Ixora brachiata Roxb. Rubiaceae
Ixora coccinea L. Rubiaceae
Lagerstroemia microcarpa Wight. Lythraceae
Lannea coromandelica (Houtt.) Merr. Anacardiaceae
Macaranga peltata (Roxb.) Mull.Arg. Euphorbiaceae
Mallotus philippensis (Lam.) Mull.Arg. Euphorbiaceae
Mallotus tetracoccus (Roxb.) Kurz Euphorbiaceae
Mangifera indica L. Anacardiaceae
Melicope lunu-ankenda (Gaertn.) T.G.Hartley Rutaceae
Magnolia champaca (L.) Baill ex Pierre Magnoliaceae
Mimusops elengi L. Sapotaceae
Morinda citrifolia L. Rubiaceae
Morinda pubescens Sm. Rubiaceae

Olea dioica Roxb. Oleaceae
Ormosia travancorica Bedd. Leguminosae
Phyllanthus emblica L. Phyllanthaceae
Plumeria rubra L. Apocynaceae
Poeciloneuron indicum Bedd. Calophyllaceae
Pongamia pinnata (L.) Pierre Leguminosae
Psidium guajava L. Myrtaceae
Pterocarpus marsupium Roxb. Leguminosae
Sageraea laurifolia (Graham) Blatt. Annonaceae
Santalum album L. Santalaceae
Sapindus emarginatusVahl Sapindaceae
Saraca asoca (Roxb.) Willd. Leguminosae
Semecarpus anacardium L.f. Anacardiaceae
Spondias pinnata (L.f.) Kurz Anacardiaceae
Sterculia guttata Roxb. Malvaceae
Streblus asper Lour. Moraceae
Strychno snux-vomica L. Loganiaceae
Swietenia mahagoni (L.) Jacq. Meliaceae
Syzygium cumini (L.) Skeels Myrtaceae
Tabernaemontana heyneana Wall. Apocynaceae
Tamarindu sindica L. Leguminosae
Tectona grandis L.f. Lamiaceae
Terminalia bellirica (Gaertn.) Roxb. Combretaceae
Terminalia elliptica Willd. Combretaceae
Terminalia paniculata Roth Combretaceae
Tetrameles nudiflora R.Br. Tetramelaceae
Thespesia populnea (L.) Sol. ex Correa Malvaceae
Vateria indica L. Dipterocarpaceae
Vitex altissima L.f. Lamiaceae
Xylia xylocarpa (Roxb.) Taub. Leguminosae
Zanthoxylum rhetsa DC. Rutaceae
Ziziphus xylopyrus (Retz.) Willd. Rhamnaceae
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Appendix 3. Null model testing result for four functional diversity indices. Observed values of four indices from each grove (designated as comj_,5)
from study area at Palakkad, Kerala were compared with 999 simulated values (for each grove) to check for randomness. Fric, Feve, Fdiv and Fdis
= Functional Richness, Evenness, Divergence and Dispersion; Obs = observed value of the index, P value = probability value at 0.05 level after
comparison with mean value of 999 simulated values; P adj. = adjusted P value after correction for multiple hypothesis testing with Benjamini—
Hochberg method; SES = standardized effect size value.

Fric Feve

Obs P value P adj. SES Obs P value P adj. SES
Coml1l 0.064 0.59 0.93 —0.06 0.62 0.18 0.62 —1.41
Com?2 2.03 0.96 0.96 —-0.06 0.70 0.65 0.76 —-047
Com3 8.76 0.83 0.95 —0.09 0.68 0.37 0.7 —-0.91
Com4 15.7 0.65 0.93 -0.15 0.78 0.35 0.7 0.94
Com5 6.22 0.67 0.93 —-0.13 0.76 0.67 0.76 0.42
Com6 0.509 0.48 0.9 —-0.11 0.62 0.12 0.5 —-1.7
Com?7 2.56 0.56 0.93 —0.11 0.58 0.03 0.24 —-2.4
Com8 0.636 0.81 0.95 —-0.12 0.72 0.7 0.76 —-0.41
Com9 0.0987 0.14 0.51 —-0.11 0.68 0.5 0.72 —0.65
Com10 6.97 0.92 0.96 —0.05 0.76 0.68 0.76 0.41
Comll 0.47 0.46 0.9 —0.12 0.75 0.91 0.91 0.13
Com12 0.569 0.79 0.95 —0.06 0.65 0.25 0.7 -1.19
Com13 0.915 0.76 0.95 —-0.14 0.80 0.42 0.7 0.73
Com14 0.009 0.14 0.51 —-0.09 0.76 0.91 0.91 0.13
Com15 8.2 0.89 0.96 —0.07 0.65 0.19 0.62 —1.33
Coml6 0.355 0.32 0.81 —-0.09 0.57 0.03 0.24 —2.27
Coml17 0.046 0.5 0.9 —0.06 0.82 0.4 0.7 0.83
Com18 1.23 0.19 0.54 —-0.11 0.76 0.7 0.76 0.35
Com19 0.074 0.09 0.51 —-0.15 0.88 0.03 0.24 1.75
Com20 0.049 0.05 0.49 —-0.14 0.80 0.45 0.7 0.73
Com21 0.016 0.05 0.49 —0.07 0.66 0.33 0.7 —1.02
Com22 0.0004 0.03 0.49 —-0.1 0.84 0.29 0.7 0.93
Com23 0.043 0.16 0.51 —-0.12 0.80 0.51 0.72 0.65
Com24 0.033 0.39 0.89 —0.05 0.92 0.02 0.24 1.89
Com25 0.174 0.12 0.51 —-0.21 0.86 0.09 0.45 1.52

Fdiv Fdis

Obs P value P adj. SES Obs P value P adj. SES
Com1 0.84 0.9 0.98 0.13 0.13 0.52 0.96 —0.66
Com?2 0.76 0.53 0.98 -0.7 0.18 0.37 0.96 0.76
Com3 0.68 0.11 0.98 —1.82 0.17 0.91 0.97 0.1
Com4 0.84 0.57 0.98 0.55 0.19 0.31 0.96 0.99
Com5 0.85 0.64 0.98 0.47 0.19 0.36 0.96 0.89
Comb6 0.81 0.84 0.98 —-0.18 0.15 0.54 0.96 —0.59
Com?7 0.85 0.63 0.98 0.46 0.15 0.54 0.96 —-0.61
Com8 0.80 0.74 0.98 —-0.33 0.16 0.89 0.97 —-0.12
Com9 0.78 0.57 0.98 —0.54 0.16 0.86 0.97 —-0.17
Com10 0.82 0.98 0.98 0.03 0.18 0.41 0.96 0.74
Comll1 0.78 0.6 0.98 —-0.5 0.12 0.17 0.96 —1.6
Com12 0.85 0.78 0.98 0.31 0.16 0.97 0.97 0.03
Com13 0.92 0.2 0.98 1.14 0.14 0.34 0.96 —-0.99
Com14 0.82 0.97 0.98 —-0.02 0.14 0.58 0.96 —0.53
Coml5 0.90 0.16 0.98 1.24 0.19 0.33 0.96 0.87
Coml6 0.89 0.42 0.98 0.81 0.18 0.33 0.96 0.84
Coml7 0.81 0.89 0.98 —-0.14 0.15 0.74 0.97 —-0.26
Coml8 0.80 0.74 0.98 -0.3 0.14 0.3 0.96 —-1.11
Com19 0.67 0.13 0.98 -1.77 0.11 0.09 0.96 —1.88
Com20 0.83 0.98 0.98 0.03 0.16 0.91 0.97 —-0.06
Com21 0.83 0.96 0.98 —0.03 0.16 0.96 0.97 0.05
Com22 0.86 0.78 0.98 0.27 0.16 0.71 0.97 0.36
Com23 0.84 0.83 0.98 0.26 0.15 0.78 0.97 —-0.24
Com24 0.86 0.71 0.98 0.41 0.16 0.88 0.97 0.12
Com25 0.72 0.27 0.98 —1.19 0.15 0.53 0.96 —-0.59
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Appendix 4. Comparative assessment of observed functional diversity values with 999 random assemblages for each of the studied sacred groves in
Palakkad, Kerala. Black circles are observed values, grey circles are 999 randomized values and short bars are the mean of the 999 randomizations.
The x-axis represents 2 5 sacred groves and the y-axis shows index values. Functional richness (a), evenness (b), divergence (c) and dispersion (d). For
functional richness all observed values are lower than expected, for functional evenness 44% observed values are lower than expected and 56% are
higher than expected, functional divergence shows 48% observed values are lower than expected and 52% are higher than expected and functional
dispersion has 64% observed values are lower than expected and 36% are higher than expected.
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