
Introduction

Plant functional groups or types (PFTs) are defined as

groups of plant species with similar traits and functions

with respect to multiple environmental factors (Skarpe

1996, Lavorel et al. 1997). Current global alterations in

atmospheric composition, nitrogen cycling and human-

induced land-cover changes (Vitousek 1994), and the an-

ticipated global climatic change (Cramer and Leemans

1993) warrant an understanding of the interactions be-

tween environment and plants on a broad scale. For such

purposes, it may be more efficient to work with a func-

tional classification of plants opposed to a species classi-

fication (Skarpe 1996).

A need for global datasets of such plant functional

groups has been recognised by the International

Geosphere Biosphere Programme in order to evaluate and

predict the nature of vegetation responses to future global

change (Box 1996, Woodward and Cramer 1996). Since

the impact of climatic change on ecosystems over large

areas cannot usually be assessed on a species basis, plant

functional groups, an alternative to species, representing

ecosystem structure (Aguiar et al. 1996), may facilitate

this task (Bugmann 1996). Palaeoecological investiga-

tions have shown that vegetation has changed in time with

climate through changes in the distribution of species ac-

cording to their environmental tolerance (Skarpe 1996).

Different plant functional types are expected to play dif-

ferent roles in terms of matter and energy processes in

ecosystems (Diaz Barradas et al. 1999). Therefore, their

identification and the estimation of their abundance is

highly relevant to the assessment of ecosystem function

(Gitay and Noble 1997).

Plant functional types based on morphology can po-

tentially link ecophysiological traits with ecosystem proc-

esses (Chapin 1993). Information on functional diversity

represented by PFTs may facilitate making decisions

about the viability of the conservation areas (Nicholls and

Margules 1993, Pressey et al. 1993). Despite the fact that

the dry deciduous forest accounts for about 46% of the

forested land in India (Singh and Singh 1988), data on

phenotypic traits from dry tropical forest are lacking. The

present study aims to investigate the relative importance

value and diversity of different plant phenotypic traits and

their ability to detect disturbance in the dry tropical forest

region in northern India.
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Materials and methods

Study area

The canopy of the northern tropical dry deciduous for-

est is formed entirely of deciduous trees, and is irregular

and often broken due to human activities. Most trees have

relatively short boles with low spreading crowns (Cham-

pion and Seth 1968). The climate of the dry deciduous for-

est, in general, is characterized by high temperatures

(mean monthly minimum 17
�
C and mean monthly maxi-

mum over 30
�
C), and low annual rainfall (900-1150 mm)

with a dry period of about 8 months within the year

(Champion and Seth 1968).

The present study was conducted on five sites viz.

Hathinala (HT), Khatabaran (KH), Majhauli (MJ),

Bhawani Katariya (BK) and Kota (KT) (24
�
6’52”-

24
�
26’16” N and 83

�
1’86”-83

�
9’60” E) in the northern

dry tropical forest region of India in the years 1998-2000.

The sites were selected on the basis of satellite images us-

ing LISS-III sensor of IRS-1D, and field observations to

represent the entire range of conditions in terms of canopy

cover and disturbance. The altitude varies from 313 to 483

m above mean sea level. The soils are ultisols, sandy loam

in texture and reddish to dark grey in colour, and are ex-

tremely poor in nutrients (Singh et al. 1989). The area ex-

periences a tropical monsoon climate with mean annual

rainfall of 821 mm, of which about 86% is received from

southwest monsoons during June-August. The region is

facing large scale anthropogenic forcing in the form of

mining, thermal power generation and the cement indus-

try. In addition, illegal sporadic tree felling, widespread

lopping and extraction of nontimber resources such as

gum, resin, fibre, tannin materials, etc. are occurring

(Singh et al. 1991).

The sites experience anthropogenic as well as natural

disturbances with varying intensity. The disturbance re-

gimes with estimated relative impact are summarized in

Table 1. The sites nearer to roads, agricultural lands, hu-

man habitations and market experience enhanced utiliza-

tion pressure. The anthropogenic disturbances include

grazing and browsing and removal of ground cover by

scraping for collection of grasses, cutting and lopping of

trees and shrubs for fodder and fuel wood. Natural distur-

bances include soil erosion, wild animals and rockiness.

The site with maximum distance from road, agricultural

land, habitation or market was given the impact factor 1.

Impact factors for other sites were calculated as ratios of

the distance of this site to the distance of other sites, e.g.,

distance of the Khatabaran site from the road was maxi-

mum, i.e., 6000 m. The distance of the Hathinala site from

the road was 1000 m. The impact of road for Khatabaran

was 1, and that for Hathinala was 6 (6000/1000). In a

similar way, impact of cutting and lopping was relativised

with the help of tree basal area, and that of grazing and

browsing by sapling density. Other impacts were deter-

mined through visual estimation. The total score of distur-

bance increased in degree from Hathinala to Kota site

(Table 1).

Sampling and data analysis

At each of the five sites, three one-hectare contiguous

permanent plots were established. Each hectare (100 m x

100 m) was divided into 100 sub-plots, each 10 m x 10 m

in size, as workable units. All individuals ≥ 9.6 cm diame-

ter at breast height (dbh) were enumerated by species and

the dbh of all the individuals was measured to the nearest

mm.

Four phenotypic traits (viz. leaf size, leaf texture, leaf

longevity and bark texture) were used in the analysis.

Each trait was classified into three categories. Species

yielding 201-400 cm
�

leaf area were grouped in medium

leaf size (MLS) while those below and above this range

were grouped in small (SLS) and large leaf categories

(LLS), respectively. On the basis of the presence or ab-

sence of scales and hair, thickness and degree of co-

Table 1. ��������	
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riaceousness of lamina, the species were grouped into

rough (RLT), medium (MLT) and smooth (SLT) leaf tex-

ture categories. On the basis of the foliage duration, the

species were grouped into three classes, viz. highly de-

ciduous (HD, 7-8 mo. foliage duration), medium (MD, 9-

10 mo. foliage duration) and less deciduous (LD, 10 mo.

foliage duration) categories. The bark texture trait was di-

vided into three types, viz. rough (RBT), medium (MBT)

and smooth (SBT) on the basis of thickness and presence

or absence of grooves and fissures in different intensity.

The relative importance value (= [relative frequency

+ relative density + relative basal area] / 3) (Curtis 1959)

for each species was determined and summed across the

phenological trait categories. Analysis of Variance

(ANOVA) was used to identify the effect of degree of dis-

turbance on importance value and per cent species con-

tributed by different trait categories. Tukey’s test was

used to differentiate the means. Simple correlation coef-

ficients were also calculated between pairs of trait catego-

ries. All statistical analyses were accomplished by using

the statistical software package SPSS (SPSS 1997).

Results

A total of 49 species with 4033 stems were recorded

in the 15-ha area. The number of stems for various species

in the entire study area varied from 1-655 (Table 2).

On the basis of relative importance values (see Ap-

pendix), the Hathinala site represented Acacia catechu-

Shorea robusta community; Khatabaran site, Tectona

grandis-Anogeissus latifolia community; Majhauli site,

Shorea robusta – Terminalia tomentosa community;

Bhawani Katariya site, Hardwickia binata – Shorea

robusta community; and the Kota site, Hardwickia binata

– Butea monosperma community.

Figure 1. �����������	 �� ���
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Data on per cent of species displaying different phe-

notypic traits are summarized in Fig. 1. Analysis of vari-

ance indicated that different morphological traits were

significantly different, in terms of distribution of species

among different trait categories, except for leaf texture

(Table 3). However, differences between sites on account

of the proportional distribution of species in different trait

categories were not significant. Most predominant traits

were small leaf size (87% species), medium deciduous-

ness (46% species), and rough bark texture (60% species).

Species were almost equally divided between the three

leaf texture classes. ANOVA also showed significant in-

teraction between sites and trait categories (Table 3), in-

dicating that species distribution among different trait

categories was not consistent across sites. For example, at

the Kota site about 92% species displayed small leaf size

but at Khatabaran site only 77% species had small leaves.

Similarly, 72% species at the Kota site had rough bark

texture against 45% at the Khatabaran site.

Considering all sites, the different traits realized dif-

ferent importance values (Fig. 2). The small leaf size, me-

dium leaf texture, and rough bark texture types exhibited

highest dominance. Medium and less deciduousness were

equally important. Minimum importance value was ex-

hibited by large leaf size, smooth leaf texture, highly de-

ciduous and smooth bark texture trait categories (Fig. 2).

ANOVA again indicated that the sites were not signifi-

cantly different from each other in terms of importance

values of different trait categories, while the trait catego-

ries differed significantly in importance values (Table 4).

However, Tukey’s test indicated that differences in im-

portance values between medium and large leaf size,

rough and smooth leaf texture, medium and less decidu-

ousness, and medium and smooth bark texture trait cate-

gories were not significant. The site and trait interaction

was significant only for bark texture.

The correlations between different functional types

based on the number of species at each forest site are

shown in Table 5. There were as many as 21 significant

positive correlations, with r > 0.9, between number of

species in pairs of traits. The small leaf size had maximum

correlation with medium leaf texture, large leaf size with

smooth bark texture, and high deciduousness with me-

dium bark texture. The rough bark texture accounted for

91% relative importance value at the Bhawani Katariya

site against 44% at the Khatabaran site.

Discussion

Plants change evolutionarily and with environmental

conditions, through modification of functions such as

water economy, CO� assimilation, biomass allocation, re-

productive rate, etc. Some of these functional modifica-

tions involve consequent modifications of phenotypic

Table 4. ��
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traits. According to Keddy (1992), the concept of trait-en-

vironment linkages refers to sets of plant attributes asso-

ciated with certain environmental conditions, irrespective

of the species involved. Local conditions filter traits from

a regional species pool, rather than taxa (Woodward and

Diament 1991, Diaz et al. 1999). Therefore, plant traits

and, hence, plant functions are the subject of environ-

mental filtering processes. It may, however, be noted that

morphological characters may not have one-to-one rela-

tionship with function because in biotic systems proc-

esses do not operate in isolation (Hogeweg 2002). Never-

theless, plant functional types or phenotypic trait

categories are considered essential for reducing the com-

plex characteristics of species diversity when attempting

to project the nature and function of species assemblages

into future environments (Woodward and Cramer 1996).

According to Walker (1992), the enormous complexity of

individual species and populations can be summarized

into a relatively small number of general recurrent pat-

terns, with the help of PFTs.

Phytosociological analysis indicated that the five sites

of the dry tropical forest studied represented different

combinations of species with different dominants and co-

dominants. Jha and Singh (1990) reported that the dry

tropical forest is composed of a mosaic of noncontiguous

patches representing different plant communities. How-

ever, when phenotypic traits are considered, neither the

sites nor the communities could be discriminated, either

by proportions of species belonging to different trait cate-

gories or by the cumulative importance value of the trait

categories. Nevertheless, distribution of species among

the trait categories was not consistent across the sites. The

present sites represented different levels of disturbance,

and evidently disturbance did not affect the predominant

traits, although species composition and relative impor-

tance of individual species varied along the disturbance

gradient. Evidently, the major phenotypic traits of the for-

est were shared by all communities, however different

they may be in terms of species composition. The sites

may have different species composition but there may

still be phylogenetic similarities which constrain the phe-

notypic characters.

The predominant phenotypic traits exhibited by the

dry deciduous forest, notwithstanding site characteristics

such as disturbance, were small leaf size, rough bark tex-

ture, medium leaf texture, and medium deciduousness.

Correlation coefficients between the number of species

showing these traits were also high. These trait categories

appear to be most ideal for the dry deciduous forest spe-

cies. It is likely that interrelationships in plant traits occur

through a series of linkages to influence species distribu-

tion patterns (Suding et al. 2003).

Small leaf size is an important trait for light intercep-

tion, heat balance, CO� diffusion and water balance; par-

ticularly in phanerophytes. Leaf size generally decreases

with decreasing water availability and with increasing

Table 5. 7���������	 
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temperature during the growth period (Werger and Ellen-

broeck 1978). Smaller leaves have less boundary layer re-

sistance hence heat convection is more rapid. At the same

time, in such leaves transpiration and convection are less

closely coupled permitting leaves to cool down as well as

conserve water. Reduced leaf size is efficient in control-

ling water loss (Box 1996). Small size of leaf or pinnati-

fied blade also prevents drought necrosis. In large leaves,

the marginal parts, especially those lying between the

larger veins, die when exposed to severe atmospheric

drought. Therefore, the dominance of small leaf PFT with

highest proportional species characterize the dry decidu-

ous forest, which are poor in water availability and expe-

rience relatively higher temperatures.

Medium or rough leaf texture is associated with thick

cuticles, sunken stomata (often of high density), hairiness,

more sclerenchyma, better developed palisade mesophyll

and wax or resin layers. Smaller specific leaf area (SLA)

is associated with an increase in leaf thickness (Burslem

et al. 1996), a large number of mesophyll cell layers

(Bjorkman 1981) and a thick layer of leaf hair (Ehleringer

1988). For several species pairs, SLA decreased from wet

to dry habitats due to reinforcement of vasculture or epi-

dermis which decreases the susceptibility to wilting

(Wright and Westoby 1999). Lambers and Poorter (1992)

concluded that the trade-offs between investment in pho-

tosynthetic machinery and the degree to which a plant is

defended against leaf damage due to drought are likely to

have occurred mainly by adaptations which decrease

SLA. The extra construction costs would be recovered

only if they reduce the losses to the environment, e.g., loss

of water (Orians and Solbrig 1977). The highest propor-

tion of species as well as dominance of medium leaf tex-

ture PFT characterize the tropical dry deciduous forest.

Deciduousness is a phenological attribute (McIntyre

et al. 1999). Changes such as leaf fall and leaf expansion

were found to cause changes in tree water status, and tree

water stress accelerates leaf senescence and hence leaf

shedding, ultimately resulting in reduced water loss

(Reich and Borchert 1984). However, shorter duration of

foliage would also result in a shorter span of time for pho-

tosynthesis. Therefore, instead of highly deciduous trait,

both the per cent of species or importance value was

larger for medium to less deciduous trait categories, rep-

resenting a trade-off between water loss and period of dry

matter synthesis.

The dry deciduous forest experiences frequent fires

(Champion and Seth 1968). According to Levit (1972),

thin barked trees are highly susceptible to heat injury.

Thick and rough bark texture permits the species to es-

cape from fire injury and fungal attack. It is not surprising,

therefore, that the dry deciduous forest is dominated by

the rough bark texture trait.

The study also indicated that the trade-offs between

phenotypic traits and plant function have a limit. For ex-

ample, although all species possessed one or more of

these ideal traits (viz. small leaf size, rough bark texture,

medium leaf texture, and medium deciduousness, only

five species possessed all four of the most desirable traits

and none of these species dominated a site. As many as 13

species possessed a combination of three most desirable

characters and 15 species possessed a combination of two

of these characteristics. Thus a considerable amount of re-

dundancy (i.e., species richness), which is a main-stay of

community stability/resilience, occurs within a pheno-

typic trait category.
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Appendix

Downloadable from the web site of this issue at

www.akkrt.hu/comec

Appendix EA4-3. Mean relative importance values for

tree species at five sites of dry tropical forest.
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