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1 EXECUTIVE SUMMARY 

Management of forest for timber can change both the structure (the size, density, and distribution) of an 

ecosystem and its composition (the diversity of species). These parameters – the composition and the 

structure - are the important metrics for a silviculturalist making management decisions to improve the 

integrity of any forest ecosystem. Management goals for native forest in India transitioned in the last 

decades from timber management to ecosystem services management. As a consequence, restoration of 

forest condition to a reference state better suitable to provision of ecosystem services may be desirable. 

Approaches and techniques for restoration silviculture are therefore needed. For ready use in India, the 

techniques must be based on information obtainable from commonly measured parameters in forest 
stands. 

The approach presented here, with a case study in Karnataka’s Western Ghats, is to use basal area and 

tree species to construct statistics and models that describe structure and composition of management 

units. Structure is described using diameter distributions, which can be summarized using Q ratios (the 

ratio between a diameter class and the succeeding diameter class) or modeled statistically. Composition 

is captured by calculating the proportion of basal area occupied by each species in a sample or 

population of interest. These proportions can be structured into basal area accumulation curves and 

modeled. Both of these methods can be used to describe a management unit’s current condition, and to 

set quantitative targets for silvicultural prescriptions aimed at changing that structure or composition. If 

a more desirable reference condition can be found (e.g. a robust stand with high basal area, or one 

thought to reflect better management or less anthropogenic disturbance), a comparison between the 

reference condition and the current condition can easily be made using these metrics.  The results of 

this comparison can be used to guide thinning, enrichment planting, and assisted natural regeneration 

efforts.  

To demonstrate this technique, a random sample of plots in the four endemic forest types was taken 

and post-stratified by forest type and basal area. The metrics and models for structure and composition 

of the four forest types found in the area were derived from the sample. They were found to be 

representative of the forest types as found in the literature. Differences in the structure of high basal 

area forest, a proxy for a healthy reference condition, and the aggregate forest for a given forest type 

were readily discerned. Because these quantitative metrics were so readily derived, this case study 

demonstrates their utility in India for 1) assessment of forest condition 2) setting management targets to 
restore forest in a degraded condition.  

The methodology and the base data and analysis used in the case study are provided here for those 
interested in using this approach to guide uneven-aged restoration silviculture in India. 
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2 INTRODUCTION 

Forest ecosystems in India are dynamic. Although they have evolved over millennia, the ecosystems and 

their component structure continue to change due to anthrophonic and non-anthropogenic factors. For 

example, hperturbations during the British colonial period and subsequent decades associated with 

timber extraction quickly changed the nature of these ecosystems. Because of the type and the intensity 

of the disturbance, forests in the country have lost both density and species diversity – here we use the 

term degraded to describe the systems thus changed. This degradation is associated with a loss of 

ecosystem services that may not be in human best interest.  Population pressures and rapid 

anthropogenic climate change will likely cause further disturbance to these systems without active 

management. While if given time these systems will compensate for disturbance, accelerating that 
process may be beneficial for economic, political, or cultural reasons. 

2.1 FOREST ECOSYSTEM INTEGRITY 

For forests to provide ecosystem services at an optimum level, they should be healthy and the integrity 

of the system be unimpaired. The concept of ecosystem integrity as applied to forest management is of 

relatively recent origin. It is based on the assumption that the ecosystem that has evolved on any site is 

the best suited and the most productive. “For the purposes of biodiversity conservation, functionality or 

integrity of a conservation area can perhaps best be judged by the extent to which the structure and 

composition of the focal ecosystems and species are within their natural ranges of variability.” (Poiani, 

Richter, Anderson, & Richter, 2000). In this decade, the reference to a natural range of variability has 

been complicated by anthropogenic climate change. If the climate changes quickly and dramatically in a 

given site, a historical reference condition may not be well suited for future conditions. In consequence, 

a growing body of work in restoration ecology has explored methods to return lands and forests not 

just to a prior reference condition, but to a condition that restores productivity and allows the system 
to adapt to a rapidly changing climate.  

To assess the integrity of a forest ecosystem four attributes are often used: 1) the structure and the 

composition of the system 2) the dominant environmental regimes including natural disturbances, 3) 

minimum dynamic area, and 4) connectivity. The structure and composition of the ecosystem are critical 

in the maintenance of the productivity, internal stability and even the resilience of the system itself. They 

are also the characteristics of a forest normally treated in silviculture, whereas the other attributes are 

in the purview of landscape planning, management, and conservation. This study focuses on structure 

and composition to assist in provision of guidance for line officers of the Indian and State Forest Service, 
who need tools and targets to guide their efforts to maintain healthy, productive forest lands. 

2.2 PRIOR FOREST MANAGEMENT IN INDIA 

In order to understand the condition of a forest today, it is useful to first consider its management 

history. Traditional forest management in India considered the forest as a resource for timber. Forest 

was harvested based on a set of principles that were generally termed as ‘scientific management’. The 

two main management principles were the principle of sustained yield, and the principle of the normal 

forest. The principle of sustained yield in practice meant the provision of a sustained supply of wood to 

the market for which adequate forest areas were harvested. The term ‘normal forest’ meant well 

stocked forests of all age gradations spread on equivalent areas that put on normal increment. These 

concepts evolved for the orderly harvest of timber. Since growing stock was not uniformly spread over 

the entire forest area, and the quality of stocking was also not uniform, appropriate adjustment factors 
were used and applied in practice to ensure that the supply of timber to the market remained constant.  
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Under such management many mixed species forests, which constituted and continue to be the bulk of 

Indian forests, did not all regenerate adequately and their structure was altered. In these forests, the 

composition changed. Contributing to this, some valuable forests were managed under the selection 

system, where selection diameter was the criterion for felling a tree. Quite often only species valued for 

timber were promoted and cared for, and crop composition was generally not a management goal. 

Selective felling of valuable species over a period of time also changed the structure of the forest.  

2.3 THE UNEVEN-AGED STRUCTURE OF FOREST 

In contrast to forests managed for timber, unmanaged tropical forest has a greater number of trees in 

younger age classes than in higher age classes. In 1898 the French forester de Liocourt observed that 

the number of trees in successive diameter classes in an undisturbed selection forest maintain a definite 

proportion. The ratio of the number of trees in lower diameter classes to that of the next higher 

diameter class is close to constant. He named this ratio ‘q’. The value of q may be different for different 

selection forests. A lower value of q is seen in forests with old growth or selection forest with a higher 

proportion of larger diameter classes. A higher q value is seen in managed forests with a higher 
proportion of middle and lower diameter classes. 

In forest of high site quality, good soil depth and good moisture conditions, crop differentiation takes 

place early and the proportion of large diameter classes increases if the forest remains undisturbed for 

relatively longer periods of time. The value of q in such forests is generally of the order of 1.3 - 1.5. In 

forests that are harvested and managed the value of q is generally 1.8 and above. In forests that are not 

balanced, the value of q increases with increasing diameter, which usually indicates that higher diameter 

classes have been removed preferentially, or that the forest is potentially not capable of producing large 

size timber. On the other hand, in forests where some species are highly shade tolerant, the q ratio may 

be higher in lower diameters as large numbers of small stems may persist indefinitely in the understory. 

Studies on the structure of balanced uneven aged tropical forests in India have shown that they follow 

the law of de Liocourt.  

2.4 COMPOSITION OF FORESTS  

Forests have a highly variable composition, and the factors that determine that composition in 

unmanaged forest are still areas of active investigation. Disturbance history, climate, habitat connectivity 

and management history are all important characteristics which influence it. The composition of a forest 

effects the ecosystem services the system can provide, as both particular species and their interaction as 
an ecosystem affect the whole management unit of interest.  

In forestry, basal area is a commonly collected parameter for any management unit, and tree species can 

be readily identified as part of a forest survey. Together, the distribution of the forest’s total basal area 

across species gives a useful indication of evenness of species present, and the dominance of each 

species by basal area. When the proportion of basal area occupied by a given species in a population is 

sorted from highest to lowest, an accumulation curve is formed that can be modeled. The slope of the 

model gives an indication of the evenness of the population. Species richness is directly obtainable from 
the data.  

2.5 SUMMARY APPROACH 

Uneven-aged silviculture with the management objective of restoring forest structure and composition 

to a healthy condition supports India’s ecosystem services management goals. There are various 

methods to implement restoration silviculture. The methodology presented here characterizes the 

structure and composition of a forest area, which can be used to compare it to a reference condition. 

Structure and composition data are easily derived from measurements of tree diameter or girth, and 
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tree species, two of the most common parameters measured in forest surveys. As such, they are 

practical and useful metrics for silviculture with the goal of restoration of forest lands. This paper 

accordingly presents techniques to guide silvicultural treatments used to transition a management unit 
from one condition to another, more desirable condition. 

3 CASE STUDY: FOREST IN THE WESTERN 

GHATS  

To apply this approach and test its applicability in India, the Western Ghats mountains are a suitable 

choice due to its historical and current forest management and land use, and the valuable ecosystem 

services it provides. The Western Ghats is a range of mountains that extend 1,600 kilometers along 

India’s southwest coast, and is considered one of the world’s most important biodiversity hotspots. 

Moving inland to the east, the forest transitions quickly from wet evergreen to dry deciduous forest, 

following one of the sharpest moisture gradients in the world. These forests have been heavily impacted 

by extractive single-tree selection in the past, and in the present by conversion to tea and coffee 

plantations, livestock grazing, and fuelwood extraction. That notwithstanding, the forests of the Western 

Ghats have some of the world’s highest alpha and beta diversity and are important as a watershed for 

one of the most water insecure regions of the world. For all these reasons, these forests are excellent 

candidates for restoration and a good test case for these techniques. Most of the Western Ghats are 

found in the state of Karnataka. Within Karnataka, the Shivamogga district is a good example of a heavily 
impacted location that still has healthy intact forest stands. 

3.1 NATURAL HISTORY OF KARNATAKA’S FORESTS  
According to the forests in Shivamogga are classified by four types (Champion & Seth, 1968):  

a) Southern tropical wet ever green forests   (1A/C4) 

b) Southern tropical semi ever green forests           (2A/C2) 

c) Southern tropical moist deciduous forests  (3B/C2) 

d) Southern tropical dry deciduous forests   (5A/C2) 

Each of these forest types is described briefly below: 

a) Southern tropical wet ever green forests   (1A/C4) 

These forests are situated in the very high rain fall zone, receiving an average of 5000-7500 mm each 

year. The trees rise up to 45-50 m with long cylindrical boles, and are often buttressed. The tree leaves 

are generally thick and glossy. The vegetation has several tiers, and there are over one hundred plant 

species per hectare. Some important species include: Alstonia scholaris, Calophyllum elatum, Hopea 

wightiana, Lophopetalum wightianium, Poeciloneuron indicum, Dipterocarpus malabaricus, Knema attenuate, and 
Olea dioica.   

b) Southern tropical semi ever green forests (2A/C2) 

This forest type is located between evergreen and moist deciduous forests, often comprising species of 

both the types. The canopy is less dense than evergreen forests, but the undergrowth is more copious. 

The important species found here are: Holigarna arnottiana, Olea dioica, Ixora brachiate, Aporosa lindleyana, 
and Flacourtia montana. 

c) Southern tropical moist deciduous forests  (3B/C2) 
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This forest type is formed by a mixture of species that are deciduous for a period of several months, 

generally in the summer. The forest is not very dense but a small number of species form a canopy. The 

tree height is up to 25 m. Undergrowth is present but enough light reaches the ground to allow for 

grass growth. Large woody climbers are also seen in the forests. The important species found are: 

Terminalia tomentosa, Lagerstroemia lanceolata, Xylia xylocarpa, Tectona grandis, Adina cordifolia, Dalbergia 

latifolia, and Santalum album. 

d) Southern tropical dry deciduous forests  (5A/C2) 

The species found in this forest type remain mostly leafless during several months of summer. The 

height of the trees is up to about 15 m and woody climbers are relatively few. The important species 

found are: Tectona grandis, Anogeissus latifolia, Cassia fistula, Lagerstroemia parviflora, and Terminelia 
tomentosa.  

3.2 MANAGEMENT HISTORY OF SHIVAMOGGA’S FORESTS 

The total geographic area of the Shivamogga district is 8,477 km2. There are three forest divisions - 

Shivamogga, Sagar and Bhadravathi – overseeing a total forest area of 6,600 km2. There are three wildlife 

sanctuaries in the district: the Shettihalli Wildlife Sanctuary is spread over an area of 395 km2, the 

Sharavathi Wildlife Sanctuary over 431 km2 and the Gudavi Bird Sanctuary on 0.73 km2. Of the total tree 
cover of the district 4.6% is very dense, 63.7% moderately dense and the remaining 31.6% is open forest.  

Regular forest management of part of the area started as early as 1891. Prior to that, the forests were 

licensed for harvest, and timber was used primarily for railway sleepers and transmission poles. This 

exploitation depleted the forests of preferred species. Since 1987 a ban on green felling has been 

followed. However, the removal of dead and dry fallen trees continues. The forest resource survey 

carried out by Forest Survey India (FSI) in 1983-84 (Report published in 1987) records that the basal 

area and volume per hectare in evergreen forests are 21.66 m2 and 127.449 m3 respectively and the 

same values for the semi evergreen forests are 11.89 m2 and 76.379 m3 (Forest Survey of India, 1987). 

For the deciduous forests these values are 6.09 m2 and 42.216 m3 respectively. The comparison of these 

figures with those of the potential of these forests, as reflected by the stocking of the linear increment 

plots of the same forest types, indicates that these forests are in a greatly depleted state. The evergreen 

forests of the district were managed under a selection system with a felling cycle of 45 years. Tending 

and canopy lifting operations were carried out in these forests. The deciduous forests were also 

managed under a selection system with a felling cycle of 30 years. Bamboo extraction was carried out on 

a felling cycle of four years.  

Presently grazing of all animals except goats is allowed in these forests, which has caused damage to the 

forests’ regeneration capacity. As per the Vulnerability of India’s Forest to Fire Report published by FSI 

in 2013, the Shivamogga district falls under the ‘highly vulnerable’ category. This is mostly because of the 

high incidence of fire in the dry and moist deciduous types of forests in the district. A substantial area of 

the government forests are managed by Mysore Paper Mills. Acacia auriculiformis and Acacia mangium 

plantations were raised in the past. The Mill currently raises the plantations of Acacia hybrid (hybrid of A. 

auriculiformis and A.mangium) in areas of rainfall with 1200 mm. Until 2017, Eucalyptus camaldulensis 

clones were raised in low rainfall areas, a practice which was recently discontinued after a state ban on 

planting Eucalyptus. The Acacia hybrid plantations yield up to 35 m3 per ha per year mean annual 

increment (MAI), while Eucalyptus camaldulensis yields up to 12 m3 per ha per year MAI. Some forest 

area of the department is also with the Karnataka Forest Development Corporation for raising 
plantations.  

The forests in the district/divisions are managed under the prescriptions of working circles with different 

objectives. For example in Sagar, the total area under the working plan is 143,726 ha.  The improvement 
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working circle1 occupies 45,864 ha, and the afforestation working circle 50,468 ha. The remaining 47,394 

ha, or 33% of the working plan is not currently under any management. These figures indicate that 

although efforts are being made for the proper conservation of forest resources, forests continue to be 
under great anthropogenic pressure. More efforts are required to restock forests to their potential. 

3.3 SUMMARY METHODS 

3.3.1 SAMPLING DESIGN  

In order to study the structure and composition of forest in Karnataka, in coordination with the 

Karnataka Forest Department, fifty-nine one-tenth hectare plots were allocated across the four forest 

types (Table 1). These sites extend from Bylakuppe in the south to Vasco de Gama in the north (Figure 

1). Plots were allocated based on a mixed design. Some were selected for re-sampling from a survey 

taken by the FSI and some were selected based on a stratified random sample of plots measured for a 

study on carbon stocks in the Shivamogga district. Plots were not placed in latitudes between Srigeri and 

Madikeri as these areas were identified as being highly disturbed and thus unlikely to yield relevant data. 

For the same reasons plots were also not allocated in any of the forest plantations of the area. 

Data was collected under the supervision of current or retired officers of the Karnataka Forest 

Department, and species were identified by local experts. 

3.3.2 ANALYSIS 

Analysis of the data for structure focused on summarizing the diameter distributions and ratios between 

diameter classes (Q ratios). A negative exponential model was fit to the diameter distributions, as this 

method has the advantage of providing the variation in the diameter distribution ratio explained by the 

model. Summaries were also run on the plots with basal areas higher than the median for each forest 

type in the expectation that these plots were less disturbed and more indicative of the potential 

structure each forest type could reach.  

Composition was summarized by calculation of the cumulative proportion of basal area by species for 

each forest type. These accumulation curves were then described using an exponential model with a log-
transformed predictor value.  

Base tables used for each analysis can be seen in Annex 3: Base Tables Used for Analysis. R, a freely 

available statistical software, was used for analysis of the data (Kahle & Wickham, 2013; R Development 

Core Team, 2017; Wickham, 2009; Wickham, Francois, Henry, & Müller, 2017). The full annotated 

analysis and base data are available online (Annex 2: Structure and Composition: Analysis and Source 
Data). 

  

                                                

1 An improvement working circle is a forest management unit treated to enhance a desirable characteristic 
for a defined management objective, such as the basal area in large-diameter valuable tree species.  
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Figure 1 

 

Table 1 Plots by forest type 

Forest Type Plots 

Dry deciduous 16 

Evergreen 10 

Moist Deciduous 21 

Semi evergreen 12 

3.4 RESULTS 

3.4.1 COMPARATIVE STRUCTURE OF SAMPLED FOREST TYPES 

3.4.1.1 AGGREGATE PLOTS 

For all plots in aggregate, dry deciduous forest had both the highest Q ratio and the highest standard 

deviation of that ratio across diameter classes. In dry deciduous plots, diameter classes higher than 70 
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cm were not present. Semi evergreen plots had both the lowest average Q ratio and the lowest 
standard deviation of any forest type. 

For all forest types, the coefficient of variation of the Q ratio was between a third and a half of its value.  

Negative exponential models explained a majority of the variation across forest types, with the 

exception of the dry deciduous forest. The slope parameter, unlike the simple average Q ratio, had a 

declining value corresponding to declining moisture environment for forest type, with the exception of 
for dry deciduous forest.  
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Figure 2 

 

Table 2 Summary table of Q ratio and its coefficient of variation for all plots 

FOREST TYPE Q 
RATIO 

STANDARD 
DEVIATION 

CV 

SEMI 
EVERGREEN 

2.04 1.50 0.73 

EVERGREEN 2.22 1.67 0.75 

MOIST 
DECIDUOUS 

2.55 3.28 1.29 

DRY DECIDUOUS 3.04 3.38 1.11 
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Table 3 Summary of negative exponential models for diameter distributions of all plots 

Forest Type Ad. R2 intercept Slope 

Dry deciduous 0.43 3.223727 -0.5706 

Evergreen 0.81 3.815004 -0.61043 

Moist deciduous 0.57 3.035955 -0.45853 

Semi evergreen 0.68 3.216724 -0.49212 
 

3.4.1.2 PLOTS WITH HIGH BASAL AREAS 

For plots with a basal area higher than the median for each forest type in this sample, the same analysis 

performed on the aggregate plots yielded lower Q ratios by forest type and less variation of the 

estimate as described by the coefficient of variation.  When modeling the diameter distribution, the 

same model form used for modeling in aggregate plots was used. For this subset of the data, the slopes 

of the model for the diameter distribution curve decreased monotonically with the moisture regime for 

each forest type. The adjusted R2 value decreased for dry deciduous and moist deciduous forest types 
and increased for evergreen and semi evergreen forest types.  

 

Figure 3 
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Figure 4 Analysis of plots with basal areas higher than the median by forest type 

 
 

Table 4 Summary table of Q ratio and its coefficient of variation for high basal area plots 

FOREST TYPE Q 
RATIO 

STANDARD 
DEVIATION 

CV 

SEMI 
EVERGREEN 

1.91 1.23 0.64 

EVERGREEN 2.10 1.34 0.64 

MOIST 
DECIDUOUS 

2.49 3.41 1.37 

DRY DECIDUOUS 2.73 3.79 1.39 
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Table 5 Summary of slope and intercept for a negative exponential model fit to diameter distributions of high basal area plots 

Forest Type Ad. R2 intercept Slope 

Dry deciduous 0.22 2.5223 -0.34285 

Evergreen 0.90 4.166967 -0.65474 

Moist deciduous 0.48 2.907135 -0.39762 

Semi evergreen 0.80 3.3935 -0.47961 
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3.4.2 COMPARATIVE COMPOSITION OF THE FOREST TYPES 

Accumulation of basal area by species revealed that dry deciduous forest had the fewest number of 

species that dominated by basal area, followed by moist deciduous forest, semi evergreen forest, and 

evergreen forest. Differences in the accumulation curves were most pronounced for evergreen and semi 

evergreen. While there was a pronounced difference between dry deciduous and moist deciduous forest 

compared to the other forest types, there was not a strong separation in the accumulation curves for 
dry deciduous and moist deciduous forest. 

An exponential model fit to the data explained more than ninety percent of the variation. A nonlinear 
logistic model will also give an excellent fit.  

 

Figure 5 
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Table 6 Exponential model for composition curves (form y ~ log(x)) 

Forest Type Ad. R2 intercept Slope 

Dry deciduous 0.92 0.28873 0.191129 

Evergreen 0.98 -0.01099 0.231221 

Moist deciduous 0.95 0.320463 0.177899 

Semi evergreen 0.97 0.121267 0.207742 
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4 DISCUSSION 

The results from the case study in Karnataka are indicative of significant variability in the composition of 

forests in the area. Although intact forests are present in the sample, degraded forest is certainly 

characteristic of the area. This manifests most obviously in the wide range of basal areas for the plots, 

even within forest type. 

The analysis of the structural characteristics of the forest also supports this finding of variable forest 

quality within the population. The diameter distributions were most similar to those found in 

unmanaged natural forests (reverse-J), but different from minimally disturbed forests there were large 

irregularities in the ratios between diameter classes. In dry deciduous forest and moist deciduous forest, 

the data show evidence of suppression of the lower diameter classes: there are high q ratios for those 

forest types. This may be due to herbivory and due to moisture competition. Evergreen and semi 

evergreen forest had a more regular diameter distribution and structure. In the absence of prior strata, 

comparison of the structure of plots with higher basal area to the aggregate did yield results in keeping 

with those the broader literature supports. The high basal area plots had both lower q ratios, indicative 

of a more mature stand, and lower variability of the estimate for those q ratios. One exception visible in 

the graphical representation of the data is the lowest diameter class for dry deciduous forest, which has 

fewer trees in it than the next-highest diameter distribution. This is likely an artifact of the lower sample 

size for that subset of the data. Use of stands with higher basal area can be used as a proxy for healthy 

stands when selecting a reference condition – a forester should be mindful of other factors that can 

influence that diameter distribution and basal area, however, such as site class and exposure. The 
forester on the ground should be given some latitude for professional judgement. 

In all cases, modeling the diameter distribution of the forest type is a better tool than using an average q 

ratio as a management target. The model gives more information (both slope and intercept) and 

provides an estimate of the variability in the diameter distribution explained by the model. In this case, 

modeling also represented the moronically declining slope from high to low moisture forest types 

observable in the graphs of the data; that was not reflected in the average q ratio. Models of the 

diameter distribution produce a smooth curve. A modeled distribution of a forest with a desirable 

structure can thus easily be superimposed on the diameter distribution of a stand scheduled for 
treatment, and diameter classes targeted using that comparison. 

Modeling composition of the forests in this study provided clear, comprehensible, and differentiated 

visual representations of forest condition. These models give a good picture of the relative dominance of 

any one given species, and in combination with a table or graph with explicit mention of species present 
can be used to set targets for restoration of composition of a forest type. 
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5 CONCLUSIONS 

In the case study presented in this paper, structure and composition of trees by forest type was readily 

characterized and modeled using data found in a standard forest inventory. While using these metrics as 

a technique for silviculture will be useful, a consideration that will require care for any manager is the 

selection of the reference condition desired for structure and composition. At least in Karnataka, 

despite the efforts of Forest Survey of India to establish such a network in the past, there is not an 

established network of relatively undisturbed forest plots that can be reliably found and readily used for 

this purpose. Forest managers will thus have to use their best judgement, both to find vigorous and 

healthy stands, and to decide what structural and compositional elements to recreate in degraded 
stands.  

To implement this silviculture technique within the regulatory environment of India, the working plan is 

a logical and necessary avenue to codify and sanction the plan. Indian working plans are written for the 

management of forests. In the working plans, working circles are constituted, within which are 

management compartments. The basis of constitution of working circles is the similarity of treatment 

meted out to the group of compartments allotted to the working circle. In the changing scenario when 

the integrity of the forest ecosystems is to be studied for the sustainable management of forests and 

conservation of biodiversity, all the well-stocked forests and compartments ought to be identified by 

their forest types, for the type represents a definite crop composition and, therefore, needs separate 

treatment. Similarly, in identification of compartments for treatment and restoration, the silviculture to 

take place should be described – well-stocked compartments described in the working plan can be used 
to identify the appropriate reference condition. 
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7 ANNEX 1: METHODOLOGY  

A stepwise general methodology adopted for the study of structure and the composition of a forest is 
given below. 

7.1 SAMPLING 

1. Most forests in India have been under management for over one hundred years and it is difficult 

to find any forest which still retains its original natural character. Under such a situation the 

data of well stocked forest of canopy density 0.7 and above (very dense forest as per FSI 

terminology) and having high basal area should be considered the population sample to 

ascertain a reference condition. 

The forests of the country were inventoried by FSI during the National Forest Inventory carried out 

during the period 2002-08. Basal area by forest type of plots inventoried by FSI may be obtained for 

the study of the forest type under consideration. From the data of basal area of plots select all the 

plots having basal area from the highest to half of the highest value and canopy density 0.7 and 

above. From this population of the plots select at least thirty plots for collection of relevant data 
from the field2. 

2. The location of each plot by latitude and longitude can be obtained from FSI. Lay out a 0.1 ha 

plot at each location following the National Working Plan Code and carry out the enumeration 

of the trees by their diameter at breast height. The forest type as mentioned in the FSI data may 

be tallied with the vegetation type found on the ground. In case the ground vegetation doesn’t 

tally with the forest type mentioned in the FSI data, the forest type as could be seen from the 

crop composition may recorded.  

 

3. If the data from FSI’s survey isoutdated, the CCF or DFO will need to locate forests of good 

quality of each type using local inventories or his or her experience of the area. 

 

4. The number of trees of different species in 10 cm diameter classes should be recorded in the 

field following the standard procedure. The canopy density should be measured with a 

densitometer.  This plot wise and forest type wise data may be used for further analysis. The 

data of plots having canopy density less than 0.7 should be discarded. 

7.2 STRUCTURE 

From the total number of trees per hectare in different diameter classes for each forest type the value 

of q, the diminution quotient, is found by dividing the number in lower diameter by that in the next 

higher diameter class. In some forests this value of q will be quite regular, and exhibit little variation 

                                                
2 The concept of site quality/ index is defined with respect to a single species. In case of mixed forest where there are a large number of 

species growing at different rates and attaining different dimensions at different periods the concept of site quality cannot be defined.  However, 
we know certainly that if growth conditions, soil and moisture, are good the trees in mixed forest attain bigger dimensions. The sites with 

better growing conditions support higher basal area than the sites with poor growing conditions. In case of teak forest poor sites, site quality 
IV, support about half the basal area supported by the best sites, site quality I. Similar is the case of the sal forest. Presuming that what is true 
for teak (Tectona grandis) and sal (Shorea robusta) would be applicable to mixed forests, therefore, if we want to make unbiased selection of the 

plots in mixed forests, for studying the structure and the composition, overcoming the bias of good sites and the poor, the random selection of 
the plots should be from the list of plots having the highest to half the highest value in plots laid and measured by FSI falling in the forest type 
under consideration. 
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across diameter classes. For these forests, a simple comparison of a healthy forest to a candidate for 
restoration may be sufficient.  

However, in stands with recent disturbance this is not often the case. When q is highly variable, it is 

better to fit a model to the diameter distribution of the reference forest and compare it to that of a 

candidate for restoration. A logistic model will provide a good fit for a forest that has a history of 

uneven-aged management, as should be the case for the reference forest. This model of the diameter 

distribution should be compared to the diameter class graph of compartments of the same forest type in 

a working plan that are candidates for restoration. Significant deviations from the reference structure 

will guide the silviculturalist’s treatments of the structure to restore a compartment’s balance. It may 

also be of use and interest to examine the diameter distributions by species to reflect on their 

regeneration and structural status.  

7.3 COMPOSITION 

The data of all plots belonging to one forest type should be pooled together, i.e. the diameter 

distribution tables of the plots merged to form one table for one forest type. The total number of trees 

per hectare of each species and their respective basal area should be calculated. Calculate percent 

contribution of each species by number and basal area. This reflects the composition and the relative 

contribution of various species in the growing stock of the forest type. Compare this composition by 

number and basal area of the forest type of high density with the corresponding data of well stocked 

compartments given in the inventory for the current working plan to reflect on the changes in the 
composition, and to prioritize compartments based on their level of degradation.  

During the course of management of forests it is generally found that the number of species contributing 

to the stocking decreases, reflecting degradation. If the percent contribution by number is more but the 

corresponding contribution of the basal area is less it reflects that trees of higher dimension / diameter 

have reduced. This may mean there is a larger proportion of trees of lower diameters and or thicker 

trees have been removed selectively. Within prioritized compartments, prepare a list of species whose 

contribution is not within the range of distribution as indicated by the range calculated in step 2 above.  

From the analysis of past management practices one may be able to assign reason(s) for the significant 

change in the species contribution. If no management reasons can be ascribed, the significant change 

could be because of other reasons including natural causes. Silvicultural treatments should then be 

designed to select against over-represented species, and for under-represented species, within 
compartments. 
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8 ANNEX 2: STRUCTURE AND 

COMPOSITION: ANALYSIS AND SOURCE 

DATA FOR THE CASE STUDY 

 

The script and input data for the analysis can be obtained at:  

https://www.dropbox.com/s/66gg2mxg3sgewim/Script%20and%20input%20data%20Kar%20Structure%20
composition%20v2.zip?dl=0 

R is the free statistical software used for the analysis and can be installed from files at:  

https://cran.r-project.org/  

 

  

https://www.dropbox.com/s/66gg2mxg3sgewim/Script%20and%20input%20data%20Kar%20Structure%20composition%20v2.zip?dl=0
https://www.dropbox.com/s/66gg2mxg3sgewim/Script%20and%20input%20data%20Kar%20Structure%20composition%20v2.zip?dl=0
https://cran.r-project.org/
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9 ANNEX 3: BASE TABLES USED FOR 

ANALYSIS 

9.1 COMPOSITION OF FOREST PLOTS 

Table 7 

Forest Type Species 
Proportion Basal 
area 

Dry Deciduous Tectona grandis 0.2024 

Dry Deciduous Terminalia paniculata 0.1076 

Dry Deciduous Terminalia tomentosa 0.0955 

Dry Deciduous Xylia xylocarpa 0.0715 

Dry Deciduous Dalbergia latifolia 0.0661 

Dry Deciduous Lagerstroemia lanceolata 0.0587 

Dry Deciduous Bombax malabaricum 0.0544 

Dry Deciduous Anogeissus ltiofolia 0.0524 

Dry Deciduous Lagerstroemia lanceolate 0.0496 

Dry Deciduous Pterocarpus marsupium 0.0303 

Dry Deciduous Eucalyptus tereticornis 0.0245 

Dry Deciduous Anogeissus latifolia 0.0214 

Dry Deciduous Diospyros montana 0.0185 

Dry Deciduous Anogesissus latifolia 0.0126 

Dry Deciduous Chloroxylon swietenia 0.0101 

Dry Deciduous Radermachera xylocarpa 0.0096 

Dry Deciduous Gmelina arborea 0.0091 

Dry Deciduous Lannea coromandelica 0.0089 

Dry Deciduous Careya arborea 0.0075 

Dry Deciduous Butea monosperma 0.0070 

Dry Deciduous Randia spp 0.0065 

Dry Deciduous Bauhinia racemosa 0.0056 

Dry Deciduous Grewia tiliaefolia 0.0055 

Dry Deciduous Canthium coromandelianum 0.0049 

Dry Deciduous Kaduchendu 0.0045 

Dry Deciduous Bridelia retusa 0.0036 

Dry Deciduous Terminalia alata 0.0036 

Dry Deciduous Emblica officinales 0.0035 

Dry Deciduous Randia Spp 0.0034 

Dry Deciduous Kydia calycina 0.0032 

Dry Deciduous Adina cordifolia 0.0032 

Dry Deciduous Pongamia pinnata 0.0030 

Dry Deciduous Terminalia bellerica 0.0029 

Dry Deciduous Adina cardifolia 0.0021 

Dry Deciduous Ziziphus nummularia 0.0020 

Dry Deciduous Tadaslu 0.0019 

Dry Deciduous Chukrasia tabularis 0.0018 

Dry Deciduous Syzygium cumuni 0.0018 

Dry Deciduous Kadujathi 0.0018 

Dry Deciduous terminalia paniculata 0.0015 

Dry Deciduous Catenaregum spinosa 0.0013 

Dry Deciduous Catenaregum spinose 0.0013 
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Dry Deciduous Stereospermum personatum 0.0013 

Dry Deciduous Tamilnadia uliginosa 0.0013 

Dry Deciduous Syzygium cumini 0.0012 

Dry Deciduous Lagerstromia parviflora 0.0011 

Dry Deciduous Diospyros crumanata 0.0011 

Dry Deciduous Emblica officinalis 0.0010 

Dry Deciduous Aegle marmelos 0.0007 

Dry Deciduous Kadugoru 0.0007 

Dry Deciduous Jasminum malabaricum 0.0007 

Dry Deciduous Toona ciliate 0.0007 

Dry Deciduous Unknown 0.0006 

Dry Deciduous Cornus macrophylla 0.0006 

Dry Deciduous Elaeocarpus seratus 0.0006 

Dry Deciduous Ficus heterophylla 0.0006 

Dry Deciduous Ochrocaprus lingifolius 0.0003 

Dry Deciduous Babala 0.0003 

Dry Deciduous Cordia macleodii 0.0003 

evergreen Vitex altissima 0.0735 

evergreen Olea dioica 0.0657 

evergreen Lagerstroemia lanceolata 0.0593 

evergreen Calophyllum polyanthum 0.0563 

evergreen Diospyros buxifolia 0.0520 

evergreen Diospyros sylvatica 0.0432 

evergreen Hopea ponga 0.0398 

evergreen Schleichera oleosa 0.0346 

evergreen Ficus infectoria 0.0332 

evergreen Knema attenuata 0.0310 

evergreen Memecylon talbotianum 0.0255 

evergreen Mangifera indica 0.0250 

evergreen Dillenia bracteata 0.0246 

evergreen Litsea floribunda 0.0222 

evergreen Aglaia barberi 0.0201 

evergreen Garcinia morella 0.0192 

evergreen Diospyros candoleana 0.0181 

evergreen lagerstroemia lanceolata 0.0160 

evergreen Symplocos foliosa 0.0147 

evergreen Eleocarpus seratus 0.0142 

evergreen Lophopetalum wightianum 0.0139 

evergreen Syzygium cumuni 0.0135 

evergreen Cinnamomum malabatrum 0.0126 

evergreen Hopea wightiana 0.0109 

evergreen Garcinia gummi-gutta 0.0107 

evergreen Artocarpus heterophyllus 0.0104 

evergreen Terminalia paniculata 0.0104 

evergreen Euodia lunu-ankenda 0.0102 

evergreen Syzygium gardnerii 0.0096 

evergreen Dimocarpus longan 0.0094 

evergreen Dysoxylum malabaricum 0.0093 

evergreen Diospyros angustifolia 0.0088 

evergreen Cedrela toona 0.0082 

evergreen Ficus callosa 0.0078 

evergreen Syzygium kanarensis 0.0078 
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evergreen Aglaia roxburghiana 0.0075 

evergreen Heritiera papilio 0.0072 

evergreen Palaquium ellipticum 0.0060 

evergreen Madhuca neerifolia 0.0060 

evergreen Toona ciliate 0.0056 

evergreen Michelia champaca 0.0055 

evergreen Aporosa cardiosperma 0.0051 

evergreen Mimusops elengii 0.0050 

evergreen Caralia brachiata 0.0045 

evergreen Ficus religiosa 0.0045 

evergreen Pterocarpus marsupium 0.0044 

evergreen Symplocos cochinchinensis 0.0044 

evergreen Euonymus indicus 0.0044 

evergreen Poeiloneuron indicum 0.0043 

evergreen Cordia myxa 0.0043 

evergreen Ixora parviflora 0.0042 

evergreen Holigarna arnottiana 0.0042 

evergreen Ailanthus malabarica 0.0039 

evergreen Cassine paniculata 0.0038 

evergreen Unknown (Kavalu) 0.0038 

evergreen Actinodaphne hookeri 0.0036 

evergreen Scolopia crenulata 0.0034 

evergreen Ixora brachiata 0.0029 

evergreen Lepisanthes tetraphylla 0.0027 

evergreen Kadujathi 0.0027 

evergreen Glochidion ellipticum 0.0027 

evergreen Archidendron monadelphum 0.0024 

evergreen Diospyros sp. 0.0023 

evergreen Unknown sp(1) 0.0023 

evergreen Holigarna beddomei 0.0023 

evergreen Antidesma montanum 0.0021 

evergreen Sizygium cumini 0.0018 

evergreen Myristica malabarica 0.0018 

evergreen Aglaia simplicifolia 0.0017 

evergreen Tabernaemontana heyneana 0.0016 

evergreen Nothopegia racemosa 0.0016 

evergreen Grewia tiliaefolia 0.0016 

evergreen Holarrhena antidysenterica 0.0015 

evergreen Cordia macleodii 0.0014 

evergreen Litsea laevigata 0.0013 

evergreen Buchanania lanzan 0.0012 

evergreen Caryota urens 0.0012 

evergreen holigarna grahamii 0.0012 

evergreen Trichilia connaroides 0.0012 

evergreen Xantolis tomentosa 0.0012 

evergreen Acronychia pedunculata 0.0008 

evergreen Artocarpus hirsutus 0.0008 

evergreen Elaeocarpus serratus 0.0008 

evergreen Persea macrantha 0.0008 

evergreen Crataeva religiosa 0.0007 

evergreen Machilus macrantha 0.0006 

evergreen Flacouriba montana 0.0005 
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evergreen Cinnamomum zeylanicum 0.0005 

evergreen Calophyllum apetalum 0.0004 

evergreen Catenaregum spinosa 0.0004 

evergreen Cinnamomum sp. 0.0004 

evergreen Derris scandens 0.0004 

evergreen Flacourtia montana 0.0004 

evergreen Gnetum ula 0.0004 

evergreen Liana (Unknown) 0.0004 

evergreen Memecylon malabaricum 0.0004 

evergreen Sterculia guttata 0.0004 

evergreen Syzygium hemisphericum 0.0004 

evergreen Tabernaemontana alternifolia 0.0004 

evergreen Trichilia connoroides 0.0004 

Moist deciduous Terminalia paniculata 0.2591 

Moist deciduous Xylia xylocarpa 0.1272 

Moist deciduous Terminalia tomentosa 0.0648 

Moist deciduous Lagerstroemia lanceolata 0.0582 

Moist deciduous Syzygium cumini 0.0494 

Moist deciduous Tectona grandis 0.0480 

Moist deciduous Cordia myxa 0.0392 

Moist deciduous Dry and fallen Bambusa bambos (Bamboo) 0.0375 

Moist deciduous Terminalia bellerica 0.0374 

Moist deciduous Anogeissus latifolia 0.0258 

Moist deciduous Schleichera oleosa 0.0230 

Moist deciduous Dalbergia latifolia 0.0197 

Moist deciduous Vitex altissima 0.0166 

Moist deciduous Grewia tiliaefolia 0.0166 

Moist deciduous Eucalyptus tereticornis 0.0163 

Moist deciduous Wrightia tinctoria 0.0146 

Moist deciduous Teminalia tomentosa 0.0138 

Moist deciduous Olea dioica 0.0136 

Moist deciduous Acacia spp 0.0119 

Moist deciduous Randia spp 0.0117 

Moist deciduous Bridelia retusa 0.0100 

Moist deciduous Haldina cordifolia 0.0078 

Moist deciduous Bombax cieba 0.0073 

Moist deciduous Stereospermum sauveolens 0.0059 

Moist deciduous Albizzia odoratissima 0.0056 

Moist deciduous Careya arborea 0.0054 

Moist deciduous Pterocarpus marsupium 0.0053 

Moist deciduous Hopea wightiana 0.0046 

Moist deciduous Syzygium cuminin 0.0035 

Moist deciduous Caryota urens 0.0034 

Moist deciduous Michelia champaca 0.0029 

Moist deciduous Dillenia pentagyna 0.0026 

Moist deciduous Alseodaphne semecarpifolia 0.0025 

Moist deciduous Cassia fistula 0.0024 

Moist deciduous Mitragyna pariflora 0.0023 

Moist deciduous Strychnos nuxvomica 0.0021 

Moist deciduous Bombax malabaricum 0.0021 

Moist deciduous Radermachera xylocarpa 0.0017 

Moist deciduous Bauhinia malabarica 0.0017 
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Moist deciduous Lannea coromandelianum 0.0017 

Moist deciduous Cinnamomum zeylanicum 0.0013 

Moist deciduous Cordia macleodii 0.0013 

Moist deciduous Cornus macrophilla 0.0011 

Moist deciduous Adina cardifolia 0.0011 

Moist deciduous Diospyros montana 0.0009 

Moist deciduous Adina cordifolia 0.0009 

Moist deciduous Emblica officinalis 0.0009 

Moist deciduous Kydia calycina 0.0008 

Moist deciduous Holigarna arnottiana 0.0008 

Moist deciduous Anogeissus latiofolia 0.0008 

Moist deciduous Calycopteris floribunda 0.0006 

Moist deciduous Catenaregum spinosa 0.0006 

Moist deciduous Tabernaemontana heyneana 0.0005 

Moist deciduous Madhuca indica 0.0004 

Moist deciduous Syzigium cumini 0.0004 

Moist deciduous Artocarpus gomezianus 0.0003 

Moist deciduous Canthium coromandelicum 0.0003 

Moist deciduous Grewia tiliifolia 0.0003 

Moist deciduous Grewia tiliaefoli 0.0002 

Moist deciduous Randia Spp 0.0002 

Moist deciduous Salix tetrosperma 0.0002 

Moist deciduous Terminalia alata 0.0002 

Moist deciduous Alstonia scholaris 0.0002 

Moist deciduous Terminalia catappa 0.0002 

Moist deciduous Holigama arnottiana 0.0001 

Semi evergreen Terminalia paniculata 0.1300 

Semi evergreen Hopea wightiana 0.1190 

Semi evergreen Olea dioica 0.0527 

Semi evergreen Hopea parviflora 0.0479 

Semi evergreen Ficus infectoria 0.0393 

Semi evergreen Memecylon talbotianum 0.0386 

Semi evergreen Xylia xylocarpa 0.0386 

Semi evergreen Lagerstroemia lanceolata 0.0382 

Semi evergreen Alstonia scholaris 0.0363 

Semi evergreen Terminalia bellirica 0.0302 

Semi evergreen Cordia myxa 0.0297 

Semi evergreen Syzygium cumuni 0.0242 

Semi evergreen Vitex altissima 0.0224 

Semi evergreen Mimusops elengii 0.0224 

Semi evergreen Xalia xylocarpa 0.0202 

Semi evergreen Turache 0.0182 

Semi evergreen Turuche 0.0151 

Semi evergreen Aglaia roxburghiana 0.0147 

Semi evergreen Machilus macrantha 0.0147 

Semi evergreen Terminalia bellerica 0.0141 

Semi evergreen Huchnala 0.0137 

Semi evergreen Syzygium cumini 0.0132 

Semi evergreen Cinnamomum zeylanicum 0.0131 

Semi evergreen Terminalia tomentosa 0.0129 

Semi evergreen Trema orientalis 0.0100 

Semi evergreen Tabernaemontana dichotama 0.0095 
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Semi evergreen Garcinia talbotii 0.0086 

Semi evergreen Chionanthus mala-elengi 0.0084 

Semi evergreen Holigarna arnottiana 0.0084 

Semi evergreen Dimocarpus longan 0.0078 

Semi evergreen Grewia tiliaefolia 0.0076 

Semi evergreen Cinnamomum malabatrum 0.0069 

Semi evergreen Mangifera indica 0.0066 

Semi evergreen Xantolis tomentosa 0.0062 

Semi evergreen Knema attenuata 0.0058 

Semi evergreen Hopea ponga 0.0052 

Semi evergreen Randia Spp 0.0045 

Semi evergreen Sterculia foetida 0.0044 

Semi evergreen Cinnamomum verum 0.0043 

Semi evergreen Terminalia alata 0.0038 

Semi evergreen Diospyros buxifolia 0.0038 

Semi evergreen holigarna grahamii 0.0038 

Semi evergreen Holigarna beddomei 0.0038 

Semi evergreen Sageraea laurina 0.0035 

Semi evergreen Knema attenuate 0.0032 

Semi evergreen Albizia procera 0.0030 

Semi evergreen Careya arborea 0.0028 

Semi evergreen Nothopegia racemosa 0.0026 

Semi evergreen Garcinia india 0.0026 

Semi evergreen Aporosa cardiosperma 0.0025 

Semi evergreen Poeiloneuron indicum 0.0025 

Semi evergreen Ixora parviflora 0.0021 

Semi evergreen Strerculia guttaca 0.0020 

Semi evergreen Wrightia tinctoria 0.0019 

Semi evergreen Syzigium cumini 0.0018 

Semi evergreen Artocarpus hirsuta 0.0017 

Semi evergreen Syzygium cimuni 0.0017 

Semi evergreen Casearia esculenta 0.0017 

Semi evergreen Symplocos cochinchinensis 0.0016 

Semi evergreen Strychnos nuxvomica 0.0016 

Semi evergreen Dysoxylum malabaricum 0.0015 

Semi evergreen Acrocarpus fraxinifolius 0.0014 

Semi evergreen Sygizium cumini 0.0014 

Semi evergreen Garcinia morella 0.0012 

Semi evergreen Dalbergia latifolia 0.0012 

Semi evergreen Randia spp 0.0009 

Semi evergreen Aglaia perviridis 0.0009 

Semi evergreen Allophylus cobbe 0.0009 

Semi evergreen Beilschmiedia wightii 0.0009 

Semi evergreen Flacourtia Montana 0.0009 

Semi evergreen Mammea longifolia 0.0009 

Semi evergreen Nothapodytes nimmoniana 0.0009 

Semi evergreen Tabernaemontana alternifolia 0.0009 

Semi evergreen Garcinia cambogia 0.0008 

Semi evergreen Garcinia indica 0.0008 

Semi evergreen Michelia champaca 0.0007 

Semi evergreen Kydia calycina 0.0007 

Semi evergreen Albizzia procera 0.0006 
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Semi evergreen Kannbilchi 0.0005 

Semi evergreen Dillenia pentagyna 0.0005 

Semi evergreen Holigarna arnottians 0.0005 

Semi evergreen Vateria indica 0.0005 

Semi evergreen Gnetum ula 0.0004 

Semi evergreen Macaranga peltata 0.0004 

Semi evergreen Scolopia crenulata 0.0004 

Semi evergreen Ixora pariviflora 0.0003 

Semi evergreen Jatropha curcas 0.0003 

Semi evergreen Kannabilchi 0.0003 

Semi evergreen Ochrocarpus lingifolius 0.0003 

Semi evergreen Terminalia chebula 0.0003 

Semi evergreen Bassia latifolia 0.0002 

Semi evergreen Hulluchipu 0.0002 

 

9.2 STRUCTURE OF FOREST PLOTS 

 

Table 8 

plot 
Diameter 
class (cm) 

Tree count Q ratio 

0702A (10,20] 24 4 

0702A (20,30] 6 1.2 

0702A (30,40] 5 1 

0702A (40,50] 5 2.5 

0702A (50,60] 2 0.67 

0702A (60,70] 3 3 

0802A (10,20] 17 1.7 

0802A (20,30] 10 1.67 

0802A (30,40] 6 1.5 

0802A (40,50] 4 4 

0802A (50,60] 1 1 

0802A (60,70] 1 0.5 

0802A (70,80] 2 2 

0802B (10,20] 15 1.67 

0802B (20,30] 9 1.8 

0802B (30,40] 5 2.5 

0802B (40,50] 2 2 

0802B (50,60] 1 1 

0802B (60,70] 1 1 

0802C (10,20] 11 3.67 

0802C (20,30] 3 1 

0802C (30,40] 3 1.5 

0802C (40,50] 2 1 
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0902A (10,20] 4 0.31 

0902A (20,30] 13 2.17 

0902A (30,40] 6 1.5 

0902A (40,50] 4 1 

0902B (10,20] 38 2.92 

0902B (20,30] 13 1.86 

0902B (30,40] 7 1.17 

0902B (40,50] 6 1.5 

0902B (50,60] 4 4 

1002A (10,20] 33 5.5 

1002A (20,30] 6 3 

1002A (30,40] 2 2 

1203A (10,20] 19 1.73 

1203A (20,30] 11 2.2 

1203A (30,40] 5 5 

1203B (10,20] 26 1.37 

1203B (20,30] 19 19 

1302A (10,20] 13 4.33 

1302A (20,30] 3 1.5 

1302A (30,40] 2 2 

1302A (40,50] 1 1 

1302A (50,60] 1 1 

1302A (70,80] 1 1 

1302B (10,20] 13 2.6 

1302B (20,30] 5 1.67 

1302B (30,40] 3 1.5 

1302B (40,50] 2 2 

1302B (60,70] 1 1 

1303A (10,20] 16 0.59 

1303A (20,30] 27 6.75 

1303As (10,20] 14 0.5 

1303As (20,30] 28 2.33 

1303As (30,40] 12 12 

1303B (10,20] 2 0.33 

1303B (20,30] 6 1 

1303B (30,40] 6 6 

1303B (40,50] 1 1 

1303B (50,60] 1 0.25 

1303B (60,70] 4 2 

1303B (70,80] 2 1 

1303Bs (10,20] 3 0.19 
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1303Bs (20,30] 16 1.45 

1303Bs (30,40] 11 11 

1303Bs (40,50] 1 1 

1403A (10,20] 26 1.73 

1403A (20,30] 15 2.5 

1403A (30,40] 6 3 

1403A (40,50] 2 1 

1403A (50,60] 2 1 

1403Aam (10,20] 4 0.5 

1403Aam (20,30] 8 1.6 

1403Aam (30,40] 5 0.83 

1403Aam (40,50] 6 6 

1403Aam (50,60] 1 1 

1403Aam (60,70] 1 1 

1403B (10,20] 16 1.33 

1403B (20,30] 12 6 

1403B (30,40] 2 2 

1403B (40,50] 1 1 

1403Bam (10,20] 11 1 

1403Bam (20,30] 11 1.38 

1403Bam (30,40] 8 4 

1503A (10,20] 15 2.14 

1503A (20,30] 7 1.4 

1503A (30,40] 5 0.83 

1503A (40,50] 6 6 

1503B (10,20] 31 3.44 

1503B (20,30] 9 0.82 

1503B (30,40] 11 11 

1503B (40,50] 1 1 

1602A (10,20] 19 1.73 

1602A (20,30] 11 1.83 

1602A (30,40] 6 2 

1602A (40,50] 3 0.5 

1602A (50,60] 6 6 

1602A (60,70] 1 0.33 

1603A (10,20] 7 0.7 

1603A (20,30] 10 1.25 

1603A (30,40] 8 1.14 

1603A (40,50] 7 3.5 

1603Abh (10,20] 49 5.44 

1603Abh (20,30] 9 3 
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1603B (10,20] 15 1.25 

1603B (20,30] 12 3 

1603B (30,40] 4 4 

1603B (40,50] 1 1 

1603B (50,60] 1 0.5 

1703A (10,20] 20 2 

1703A (20,30] 10 5 

1703A (30,40] 2 0.67 

1703A (40,50] 3 1.5 

1703A (50,60] 2 2 

1703AC (10,20] 16 0.8 

1703AC (20,30] 20 10 

1703B (10,20] 7 0.54 

1703B (20,30] 13 1.3 

1703B (30,40] 10 2.5 

1703B (40,50] 4 4 

1703B (50,60] 1 1 

1802Ask (10,20] 19 0.79 

1802Ask (20,30] 24 4 

1803A (10,20] 25 2.78 

1803A (20,30] 9 1.8 

1803A (30,40] 5 1.25 

1803A (40,50] 4 2 

1803Asywl (10,20] 43 1.39 

1803Asywl (20,30] 31 2.82 

1803Asywl (30,40] 11 5.5 

1902B (10,20] 21 2.63 

1902B (20,30] 8 4 

1902B (30,40] 2 1 

1902B (40,50] 2 2 

1903A (10,20] 7 1.17 

1903A (20,30] 6 1.5 

1903A (30,40] 4 2 

1903A (40,50] 2 2 

1903A (50,60] 1 0.5 

1903Akwl (10,20] 15 1.25 

1903Akwl (20,30] 12 6 

1903Akwl (30,40] 2 0.5 

1903Akwl (40,50] 4 0.8 

1903Akwl (50,60] 5 5 

1903Akwl (60,70] 1 1 



 

PUBLICATION NAME (FOOTER IS GILL SANS MT, 9 PT, ALL CAPS) 31 

1903B (10,20] 25 1.19 

1903B (20,30] 21 21 

1903B (30,40] 1 0.33 

1903B (40,50] 3 1.5 

1903B (50,60] 2 2 

2003B (10,20] 19 1.46 

2003B (20,30] 13 6.5 

2003B (30,40] 2 1 

2003B (40,50] 2 0.67 

2003B (50,60] 3 1.5 

2003B (60,70] 2 2 

2303A (10,20] 19 1.46 

2303A (20,30] 13 1.18 

2303A (30,40] 11 11 

2403A (10,20] 28 2 

2403A (20,30] 14 3.5 

2403A (30,40] 4 0.8 

2403A (40,50] 5 1.67 

2403A (50,60] 3 3 

2403A (60,70] 1 1 

2403A (70,80] 1 1 

2403B (10,20] 22 0.76 

2403B (20,30] 29 3.22 

2403B (30,40] 9 9 

Kushalnagar3 (10,20] 1 0.5 

Kushalnagar3 (20,30] 2 0.67 

Kushalnagar3 (30,40] 3 1.5 

Kushalnagar3 (40,50] 2 0.67 

Kushalnagar3 (50,60] 3 1 

Kushalnagar4 (10,20] 10 1.25 

Kushalnagar4 (20,30] 8 2 

Kushalnagar4 (30,40] 4 4 

Kushalnagar4 (40,50] 1 1 

Kushalnagar5 (10,20] 22 1.69 

Kushalnagar5 (20,30] 13 13 

Kushalnagar5 (30,40] 1 0.5 

Sirsi1 (10,20] 12 0.75 

Sirsi1 (20,30] 16 5.33 

Sirsi1 (30,40] 3 1 

Sirsi1 (40,50] 3 3 

Sirsi1 (50,60] 1 0.25 



 

PUBLICATION NAME (FOOTER IS GILL SANS MT, 9 PT, ALL CAPS) 32 

Sirsi1 (60,70] 4 4 

Sirsi2 (10,20] 52 3.06 

Sirsi2 (20,30] 17 2.43 

Sirsi2 (30,40] 7 3.5 

Sirsi2 (40,50] 2 1 

Sirsi2 (50,60] 2 1 

Sirsi4 (10,20] 39 3.9 

Sirsi4 (20,30] 10 2 

Sirsi4 (30,40] 5 0.71 

Sirsi4 (40,50] 7 3.5 

Sirsi4 (50,60] 2 2 

Sirsi4 (60,70] 1 1 

Sirsi4 (70,80] 1 1 

Sirsi5 (10,20] 20 4 

Sirsi5 (20,30] 5 2.5 

Sirsi5 (30,40] 2 0.5 

Sirsi5 (40,50] 4 4 

Sirsi5 (50,60] 1 0.5 

Sirsi5 (60,70] 2 2 

Sirsi5 (80,90] 1 1 

Sirsi6 (10,20] 39 1.95 

Sirsi6 (20,30] 20 2.86 

Sirsi6 (30,40] 7 2.33 

Sirsi6 (40,50] 3 0.75 

Sirsi6 (50,60] 4 4 

Sirsi6 (60,70] 1 0.33 

Virajpet2 (10,20] 51 2.55 

Virajpet2 (20,30] 20 2.22 

Virajpet2 (30,40] 9 3 

Virajpet2 (40,50] 3 3 

Virajpet2 (50,60] 1 0.5 

Virajpet5 (10,20] 4 0.57 

Virajpet5 (20,30] 7 0.88 

Virajpet5 (30,40] 8 8 

Virajpet5 (40,50] 1 0.5 

Virajpet5 (50,60] 2 1 

Virajpet5 (70,80] 2 0.67 

Yellapur2 (10,20] 29 3.22 

Yellapur2 (20,30] 9 1 

Yellapur2 (30,40] 9 4.5 

Yellapur2 (40,50] 2 1 
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Yellapur2 (50,60] 2 2 

Yellapur2 (60,70] 1 1 

Yellapur3 (10,20] 37 2.18 

Yellapur3 (20,30] 17 1.31 

Yellapur3 (30,40] 13 2.6 

Yellapur3 (40,50] 5 0.83 

Yellapur3 (50,60] 6 6 

Yellapur3 (60,70] 1 1 

Yellapur3 (70,80] 1 1 

Yellapur4 (10,20] 23 3.29 

Yellapur4 (20,30] 7 2.33 

Yellapur4 (30,40] 3 0.38 

Yellapur4 (40,50] 8 8 

Yellapur4 (50,60] 1 1 

Yellapur5 (10,20] 39 3.25 

Yellapur5 (20,30] 12 1.71 

Yellapur5 (30,40] 7 0.78 

Yellapur5 (40,50] 9 9 

Yellapur6 (10,20] 13 2.17 

Yellapur6 (20,30] 6 1 

Yellapur6 (30,40] 6 0.86 

Yellapur6 (40,50] 7 1.17 

Yellapur6 (50,60] 6 3 

Yellapur6 (60,70] 2 2 

Yellapur7 (10,20] 32 4.57 

Yellapur7 (20,30] 7 1 

Yellapur7 (30,40] 7 1.4 

Yellapur7 (40,50] 5 2.5 

Yellapur7 (50,60] 2 2 
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9.3 BASAL AREA AND LOCATION OF PLOTS SAMPLED 

Table 9 Table of plots sampled 

Forest Type Latitude Longitude Basal area (m2ha-1) 

Dry Deciduous 13.691 75.875 10.92658 

Dry Deciduous 13.783 75.932 3.216052 

Dry Deciduous 14.102 75.406 17.0747 

Dry Deciduous 13.823 75.517 29.45155 

Dry Deciduous 13.852 75.518 21.55449 

Dry Deciduous 13.951 75.812 4.59018 

Dry Deciduous 14.189 75.245 30.92978 

Dry Deciduous 13.864 75.809 13.52966 

Dry Deciduous 13.849 75.843 13.8133 

Dry Deciduous 14.318 75.21 19.55076 

Dry Deciduous 14.189 75.417 5.086005 

Dry Deciduous 14.19 75.421 14.28904 

Dry Deciduous 13.644 75.723 22.45058 

Dry Deciduous 12.344 75.969 26.95978 

Dry Deciduous 12.385 75.969 13.19227 

Dry Deciduous 12.385 75.927 14.07431 

Evergreen 13.795 75.411 34.56905 

Evergreen 14.174 74.772 31.18509 

Evergreen 14.05 74.719 33.47811 

Evergreen 14.344 74.656 38.04281 

Evergreen 14.323 74.719 37.92776 

Evergreen 14.523 74.63 44.83069 

Evergreen 14.198 74.677 53.01834 

Evergreen 12.031 75.823 42.45302 

Evergreen 14.76 74.656 62.91253 

Evergreen 15.177 74.323 35.35834 

Moist deciduous 13.587 75.297 35.78666 

Moist deciduous 14.09 75.379 14.521 

Moist deciduous 14.457 75.09 20.82882 

Moist deciduous 14.45 75.091 18.56735 

Moist deciduous 14.1 75.357 18.87976 

Moist deciduous 14.057 75.314 45.62457 

Moist deciduous 14.147 75.302 17.17515 

Moist deciduous 14.131 75.12 22.7982 

Moist deciduous 14.278 75.193 22.33391 
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Moist deciduous 14.289 75.135 30.77648 

Moist deciduous 13.907 75.183 21.24917 

Moist deciduous 13.932 75.227 28.4856 

Moist deciduous 13.801 75.542 23.79683 

Moist deciduous 14.317 75.207 34.81533 

Moist deciduous 13.841 75.507 19.55529 

Moist deciduous 13.778 75.471 27.87705 

Moist deciduous 14.005 75.325 11.92816 

Moist deciduous 13.982 75.33 27.48965 

Moist deciduous 13.832 75.398 28.64469 

Moist deciduous 14.677 74.865 35.20494 

Moist deciduous 12.22 76.01 47.15085 

Semi Evergreen 13.754 75.413 49.38502 

Semi Evergreen 13.685 75.397 18.03438 

Semi Evergreen 13.612 75.189 29.32803 

Semi Evergreen 13.643 75.178 39.68715 

Semi Evergreen 14.114 74.794 13.19075 

Semi Evergreen 13.805 75.101 47.52118 

Semi Evergreen 14.345 75.021 23.52342 

Semi Evergreen 13.869 75.39 45.06763 

Semi Evergreen 14.781 74.635 33.07654 

Semi Evergreen 14.802 74.531 28.12944 

Semi Evergreen 15.011 74.447 46.3455 

Semi Evergreen 15.323 74.385 31.10153 
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