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Abstract
As per the State of Forest Report 2003, the total forest cover in the 
country is 67.83 mha, which constitutes 20.64% of its geographical 
area. This paper begins by looking at the problem, invasive species, 
which are a threat to India which are the reason for the development 
of the different detection methods. This paper concludes with a 
comparison of detection methods for detecting wood-borers.
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I. Introduction
In an age of mass international and intercontinental travel and 
wide-ranging global trade, animals, plants and other organisms 
are frequently transported between nations both intentionally 
and accidentally. Without suitable border control procedures 
the risk of accidentally introducing a non-native species into 
India is high. Some species, if introduced in this manner would 
become invasive; that is to say they would become established, 
potentially at the expense of other native species, and may pose 
a significant threat to the economy and environment. These need 
to be detected, prevented, controlled and monitored. In India, a 
number of government institutions are available for undertaking 
research on FIS (Forest Invasive Species). 

A. Forests and its Uses in India

1. India’s Topography
India’s mainland comprises of the following four broad 
geographical areas:

The Northern Mountains• 
The vast Indo-Gangetic plains• 
The Southern (Deccan) Peninsula (bounded by the Western • 
and Eastern Ghats)
The Coastal Plains and Islands• 

2. Forests – Overview
Forests play a vital role in nation’s economy. They provide tangible 
as well as intangible benefits. The tangible benefits include 
providing fuel wood, timber, non-timber forest products like 
bamboos, lac, gum, resin, katha, medicinal plants and raw materials 
for wood based industries like paper, pulp, plywood etc. They also 
provide materials for defence and communications as well as 
grazing for cattle. The intangible benefits include conservation of 
soil fertility and play an important role in the maintenance of the 
water regime of the land. The forests provide water, perhaps the 
most important forest product. The organic matter which they yield 
improves the fertility and increase the water holding capacity of the 
soil thereby reducing the run-off. The presence of vegetation acts 
as a physical check to the velocity of the run-off and reduces its 
soil carrying capacity. Thus forests protect the hilly areas against 
excessive soil erosion. Similarly, they protect flat lands against 
desiccation and erosion caused by winds. They exert a beneficial 
influence on the growth of agricultural crops and on the climate 

of the region in which they exist. 

3. Wood types-Softwoods and hardwoods
Trees are either softwoods (gymnosperms, r conifers) or hardwoods 
(angiosperms, or flowering plants). Softwoods are not always softer 
than hardwoods. The Australian native cypress pine (Callitris) is 
softwood of greater density and hardness than many hardwoods, 
while balsa (Ochroma) is a hardwood. 
Wood Structure

Wood density, hardness and strength
Cells of dense woods have small lumens and thick walls. When 
the wood is dry, the lumen is largely air, and the proportion of air 
to solid material is a measure of density. It ranges from 25–30 per 
cent for grey or yellow box (eucalypts), to about 70 per cent for a 
low density wood such as red cedar (Toona australis), and nearly 
90 per cent for balsa. Hardness and strength generally increase 
with increasing density. Wood is very strong in tension, when 
measured along the grain, because of the long chain cellulose 
molecules in the walls of the longitudinally arranged cells.

Wood Deterioration
There are four main agents of wood deterioration: fire, fungal rot, 
borers and termites. When evidence of borers is discovered, three 
questions should be answered:

Is it still active? If not, control measures will not be • 
required.
What type of borer was or is responsible? Some are • 
benign.
What is the extent of damage?• 

Forest Types:
1. Tropical Wet Evergreen Forest (Two subgroups) 
2. Semi-Evergreen Forest (Two subgroups) 
3. Most Deciduous Forest (Three subgroups) 
4. Littoral and Swamp Forest (Five subgroups) 
5. Dry deciduous Forest (Two subgroups) 
6. Thorn Forest (Two subgroups) 
7. Dry Evergreen Forest 
8. Subtropical Broadleaved Hill 
9. Subtropical Pine Forest 
10. Subtropical Dry Evergreen Forest 
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11. Montane Wet Temperate Forest (Two subgroups) 
12. Himalayan Moist Temperate Forest 
13. Himalayan Dry Temperate Forest 
14. Sub Alpine Forest
15. Moist Alpine Scrub Forest 
16. Dry Alpine Scrub Forest

Classification of forests, forestland ownership and 
management authority
The forests are classified as ‘Reserved’, ‘Protected’ and unclassified 
forests which are notified by the state/UT governments concerned. 
Forests are largely under public ownership. In some of the states, 
mainly the north-eastern states, the local communities also own 
major chunk of forests. Each state has a State Forest Department 
(SFD) that functions independently of SFDs in other states. The 
broad policy framework, laws and management guidelines for 
all states are framed by the Ministry of Environment and Forests 
(MoEF), Government of India (GOI) in consultation with the 
states/UTs.

Extent of forest area
As per the State of Forest Report 2003, the total forest cover 
in the country is 67.83 mha, which constitutes 20.64% of its 
geographical area. Of this, very dense forests (canopy density 
above 70%) constitute 5.128 mha (1.56% of geographical area), 
moderate dense forests (canopy cover between 40-70%), 33.93 
mha (10.32%) and open forests constitute 28.77 mha (8.76%).

Forest Laws
The legal framework is provided by four main national laws viz. 
Indian Forest Act, 1927; Wildlife (Protection) Act, 1972; and 
Forest (Conservation) Act, 1980 and Biological Diversity Act, 
2002. 

Eco-Tourism & Environmental Services:
Tourism sector in India provides employment to over 8.5 million 
people. In 1997-1998, it generated foreign exchange of US$ 2530 
million. Eco-tourism is being encouraged by the central and the 
state governments and there is a substantial increase in the number 
of visitors to national parks and sanctuaries. Eco-tourism forms 
about 2-4% of the entire tourism industry. The MoEF, GOI is in 
the process of finalizing the eco-tourism policy for the country. The 
environmental services include providing water, clean air, carbon 
sequestration, mitigation of noise pollution and amelioration of 
climate etc.

Invasive Species
The term ‘Invasive Species’ has multiple definitions; in some 
cases it is used to describe only non-native species, in others it 
includes native species which are considered to have a negative 
impact on their surroundings. 

Forest Invasive Species BACKGROUND:
Over the last many decades, a number of Forest Invasive Species 
(FIS), without realizing the consequences, have been introduced in 
India knowingly or unknowingly. The FIS are further categorized as 
floral (weeds and plants having national and regional distribution), 
entomological (insects) and pathogenic (fungi). Approximately, 
111 FIS have been identified under the above mentioned categories. 
No systematic studies have been carried out so far to inventory the 
FIS available in its various bio-geographical regions. However, 
India being a vast country, it would be possible to have a detailed 

inventory through some project support. Many of the invasive 
species have naturalized in India and are being used for various 
purpose ranging from medicinal uses, attachment to religious 
sentiments to uses in furniture, compositing etc. Appropriate 
strategies will have to be devised for their control, eradication 
and management in connection with various stakeholders.

Causes of Invasions

Intentional Introductions Accidental 
Introductions

Direct Indirect

Agriculture
Forestry
Soil 
Improvements
Food Resources
Ornamental 
Plants
Hunting
Biological 
Control
International Aid
Fishery
Conservation
Sentimental 
Reasons

Pests released 
into the wild
Zoo escapes
Garden escapes
Farming
Research 
facilities
Aquaculture

Agricultural 
produce
Nursery plants
Cut flowers
Timber
Seeds
Soil
Machinery and 
Equipment
Packaging 
material
Cargo
Ballast water
Ballast soil
International 
planes
Hull fouling

Interceptions in India
In the recent months interceptions of Khapra beetle (Trogoderma 
granarium) have been reported by some importing countries in the 
consignments of rice, maize and other plant materials exported 
from India. Asphondylia tectonae is a gall insect that is one of few 
insects recorded as pests of teak in naturally regenerating forests. 
It has been recorded in the natural forest in Kerala and Karnataka 
in southern India and in poor class teak forests in central India 
(Nair, 2001). It attacks new shoots of teak and causes formation 
of galls that coalesce, harden and surround the stem f twigs.
From 1989-1990, an outbreak of Cryptothelia crameri a defoliator 
of Pinus roxburghii was reported in the state of Jammu and 
Kashmir. The outbreak caused 5 percent tree mortality over 2 
000 ha with 0.3 million trees lost resulting in a net loss of 22.5 
million rupees (FAO, 2003).
An outbreak was noticed in June 1994 in the Neldehra forest in 
Mashobra range and Badmain forest in Bhajji range near Shimla 
in Himachal Pradesh. The caterpillars feed on the needles from 
the tip to the base scraping the basal portion of the needles. The 
attack was so heavy that complete defoliation of 8-10 ha of a 60-70 
year old stand occurred. Recently, an epidemic of this defoliator 
was reported from the Lolab Valley, Jammu and Kashmir. Tree 
mortality was as high as 30 percent. Epidemics occur at about 10 
year intervals and may last for 2 or 3 years (FAO, 2003).
Eutectona machaeralis is a major pest of teak, occurring throughout 
South Asia and some parts of Southeast Asia. Complete defoliation 
by the pests results in more or less leaflessness during most of the 
growing period. Past studies estimate the losses due to this insect 
at approximately 0.051 million ha annually (FAO, 2003). 
Shorea robusta, which is one of the most important timber 
species of India, yields about 2.5lakh m3 of timber and 3lakh 
m3 of firewood. A heartwood borer, Hoplocerambyx spinicornis, 
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often damages it. Its beetles emerge soon after a few showers of 
monsoon rains from the third week of June to the end of August. 
Borer killed more than 26lakhs of Sal trees during recent Sal borer 
epidemics between 1996-02.

Pathways
Pathways
Natural Non-Natural

Atmospheric currents
Oceanic currents
Rivers
Land Migration

Trade related e.g., 
Container ship routes
Transport related e.g., 
Motorway corridors
Tourism related e.g., 
Flight paths
Travel related

Environmental and Economic Impacts
Invasive alien species are a key threat to biodiversity. Invasive alien 
species can modify and degrade natural ecosystems, contribute 
to ecosystem fragmentation and to human induced ecosystem 
failure. They can outcompete and replace native species and cause 
their extinction.
Invasive alien species are considered to be one of the main 
causes of biodiversity loss. They cause serious economic and 
environmental losses and the cost of prevention and control of 
invasive alien species and the rehabilitation of habitats degraded 
by such species are significant. The rate and risk associated 
with alien species introductions have increased considerably 
because human population growth and human activities altering 
the environment have increased. At the same time, awareness 
about the risks and cost of alien invasions and the number and 
sophistication of tools available to prevent and control these 
invasions has increased. Quarantine legislation and procedures are 
in place in most countries. The indicator quantifies new invasions 
and calculates their cost to society.
The environmental cost is the irretrievable loss of native species 
and ecosystems. The costs of preventing, controlling and/or 
eradicating invasive alien species and the environmental and 
economic damages are significant. The annual economic losses 
to introduced pests in crops, pastures, and forests in the United 
States, United Kingdom, Australia, South Africa, India, and Brazil 
amount to nearly US$ 230 billion. The annual environmental 
losses to introduced pests in the same countries were calculated 
at over $100 billion. The calculated dollar cost per capita for 
the losses incurred due to biological invaders in the six nations 
investigated were approximately $240 per year. 

National Priorities In Controlling FIS:
National priorities include considering common regulations for 
coordination by the various agencies in the country which control 
major pathways of IAS by one agency and strict checking at all the 
possible entry points, creating general awareness among the public, 
policy makers and other authorities, exchange of information 
among the neighboring countries through the established 
international and regional networks, finding adequate financial 
resources and capacity building of research and development 
activities for identification, prevention, eradication, control and 
management of IAS.

Level of Public Awareness of Existing & Potential FIS:
At present there is not much awareness among the public of 

the existing and potential threats of the IAS including FIS and 
also no systematic national level initiative has been made in this 
direction. However, awareness on the problem is increasing and 
a few scientific seminars/ workshops on the subject have been 
organized at the national and states levels. But, much needs to 
be done in creating awareness among the public, policy makers 
and academicians about the social-economic effects of FIS. India 
is party to a number of international and regional convention/
institutions/instruments to address the problem of the IAS. 
Participation in the meetings of these institutions/ instruments and 
their publicity in the media are also helping in creating awareness 
among the public.

Management and Institutional Framework
India follows international quarantine regulations, which are 
amended from time to time. Directorate of Plant Protection, 
Quarantine and Storage, Faridabad under the Ministry of 
Agriculture, GOI with its network of stations particularly at port 
of entries, is the nodal agency to enforce the regulations. Two 
institutes i.e. FRI, Dehradun and Institute of Forest Genetics 
and Tree Breeding, Coimbatore under the ICFRE are authorized 
institutions to issue phytosanitary certificates for exporting any 
products or produce of forest origin. But with the limited manpower 
and infrastructure, the measures need a lot of strengthening. The 
State Forest Departments (SFDs) concerned are solely responsible 
for managing the forests in the country. Given the challenges 
that are arising in forest areas due to FIS, further re-orienting the 
research priorities and strengthening of ICFRE institutes and other 
similar organizations is required. 
India is well aware of the problems of bio-invasion and its 
obligations towards SPS Agreement and is gearing itself up to 
meet the challenges. Till recently, there were no separate rules 
for import of wood and wood products, these being treated as 
agricultural commodities. During the study period (November 
2003), the GOI (Ministry of Agriculture, Department of Agriculture 
and Cooperation) notified the plant quarantine regulation 
(Regulation of Import to India Order) (referred to as PQ Order, 
2003 in this report) that has generated a great deal of debate. Five 
amendments followed quickly (up to September 2005), reflecting 
the importance attached to the problem. The sixth amendment is 
under consideration. 

Prevention Methods:
Plant Protection Adviser (PPA) responsible for plant health matters. 
It separates imported plant material into three categories.
Category Description

Prohibited

Poses such a serious risk that import 
is only permitted under authority of a 
licence issued by PPA or the Forestry 
Commissioners. Includes many species 
of rooted plants and trees from outside 
India.

Controlled

Normally requires a phytosanitary 
certificate issued by the plant protection 
service of the exporting country. 
Includes those cuttings, rooted plants 
and trees that are not prohibited, bulbs, 
most fruits, certain seeds and some cut 
flowers.



IJCST Vol. 5, ISSue Spl - 2, Jan - MarCh 2014  ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m 140   InternatIonal Journal of Computer SCIenCe and teChnology

Unrestricted

Presents little or no risk and is not 
subject to routine plant health controls. 
Includes nearly all flower seeds, 
some cut flowers and fruit and most 
vegetables for eating.

Since material in the ‘Prohibited’ category is largely prevented 
from being imported, the most significant day to day risk is posed 
by imported material in the ‘Controlled’ category. This material 
usually travels with a phytosanitary certificate which aims to prove 
that it has been inspected and meets the requirements for entry. 
PPA states that a phytosanitary certificate is “a statement that 
the plants or plant produce or products to which it relates have 
been officially inspected in the country of origin (or country of 
dispatch), comply with statutory requirements for entry into the 
country, are free from certain serious pests and diseases, and are 
substantially free from other harmful organisms.

Detection Methods
Visual Inspection• 
Manual Destructive Sampling• 
Other Detection Methods: Other Detection Methods include • 
X-Ray, Sniffer dogs, Acoustic Detection, etc.

Controlling Methods:
Host Destruction: This involves the destruction of host trees, 
usually limited to high risk species over a defined area around 
an outbreak site. This method is expensive both environmentally 
and economically not only due to the cost of removal but also the 
cost of purchasing and planting replacement trees.
Biological and Microbial Control: There have been a small number 
of publications on the use of fungi to control beetle populations. 
Higuchi et al. investigated the use of a fungus, Beauveria 
brongniartii, as a control agent for yellow spotted longicorn beetle 
(Psacothea hilaris Pascoe) and determined through field trials on 
tangerine crops that it was capable of killing adult beetles and 
preventing further infestation.

Monitoring Methods:
Sentinel Trees: Trees which are known hosts of the invader are 
placed around the infestation in order to attract it to them as it 
spreads. Catching and killing of insects through Trap-Tree method 
is used in case of Sal borer pests. This method is both time-
consuming and effort consuming.
Acoustic Monitoring: A detection system capable of automatically 
identifying beetle larvae could potentially be used to assist in 
outbreak monitoring. Such a system could be combined with the 
sentinel tree approach to more efficiently monitor the spread of the 
outbreak. The use of a wireless sensor network combined with an 
automated acoustic detection system opens up the possibility of 
a fully automated outbreak monitoring technique requiring little 
or no human intervention.

Insect Acoustics:
Sound is simply the transmission of vibration through the particles 
of a material. Sound is transmitted, or propagated, through a 
material by the transfer of energy between the particles that make 
up the material. The sound source causes particles to vibrate; 
this in turn causes neighboring particles to vibrate and so on. 
Each time this vibration is passed on a small amount of energy 
is lost. The term used for the loss of energy through transmission 
is attenuation.

Sound Transmission in Wood
Tree is not a simple continuous solid with unchanging structure, 
but a complex one with several layers each with differing density 
and elasticity. The layer in which a sound is produced may have 
a significant impact on how well it is transmitted to the tree’s 
surface. The composition of a material affects sound travelling 
through it in two significant ways: attenuation and velocity. 
Attenuation is the rate at which energy is lost by the sound wave 
as it passes through the material; velocity being the speed at which 
a wave travels through the material. Density primarily affects the 
velocity of the wave, with sound being transmitted faster in less 
dense materials. This is because a particle of lower mass can be 
displaced further than a particle of greater mass given the same 
amount of force exerted on it. The density of wood clearly varies 
between species but is also dependent on other factors. Cut wood 
or packing materials are more likely to vary in moisture content 
than standing trees; this can affect the both the attenuation and 
velocity of sound within wood. As moisture content increases, 
wood density increases leading to a decrease in sound velocity. 

Categories Of Insect Producing Sounds

Incidental
FEEDING• 
MATING• 
MOVEMENT• 
EGG LAYING• 

Non-incidental
ATTRACTION • 
TERRITORY• 
SELF PRESERVATION• 

Sounds in both of these categories by are produced by a number 
of different physical mechanisms. They are classified into five 
mechanisms as described below:-

Stridulation• 
Striking• 
Vibration• 
Tymbal vibration• 
Ejection of air or fluid• 

SPECIES SOUND TYPE FREQUENCY
butterflies vibration 8-90 Hz
death watch 
beetle striking ≈11Hz

bees vibration ≈190 Hz
tree hoppers striking ≈500 Hz
cicadas tymbal vibration 4-7 kHz
grasshoppers stridulation Up to 30 kHz
bush crickets stridulation Up to 129 kHz

The Lifecycle of a Wood-Boring Beetle
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Comparison of Different Detection Methods:-

[1] Visual Inspection Method
In some cases a larval infestation can be detected through visual 
inspection alone. An inspector can look for visual indications 
of the possible presence of an infestation such as ovi-position 
holes, exit holes or frass around holes and at the base of trees. 
Such indications may not always be present or may be difficult 
to recognize; the risk of a false negative result is therefore high. 
This is particularly relevant in the case of an infested tree from 
which no adults have emerged. Another area of difficultly is in 
the inspection of timber products and pallets which can contain 
larvae but are more difficult to inspect than living trees since 
exit holes may be obscured and larvae may be located anywhere 
within the product.

[2] Manual Destructive Sampling Method
Manual destructive sampling is the method currently employed by 
Plant Health Inspectors when investigating at risk plants entering 
India. A proportion of samples are manually cut into small pieces 
and a visual inspection for signs of larval inspection is carried 
out. This is method is time consuming, expensive in terms of loss 
of commodity, and has a risk of human-error. There are some 
circumstances where destructive sampling is not always a viable 
option, for example where an individual high value plant is being 
transported.

[3] X Ray
Attempts have been made to detect wood-boring larvae with the use 
of X-Rays. X rays have been used numerous times to detect larvae 
inside grain (Schatzki et al., 1993), (Keagy and Schatzki, 1991). 
In their 2004 paper, Karunakaran et al. show that a combination 
of X ray and neural network based classification can be used to 
detect Rhyzopertha dominica with 99% success (Karunakaran 
et al., 2004). It is highly unlikely that such a technique could be 
adapted for the purpose of detecting larvae within wood due to 
the lack of portability of equipment used and the physical size 
difference between wheat kernels and standing trees. The author 
is not aware of any publications detailing the successful detection 
of wood boring larvae in standing trees using X ray methods.

[4] Sniffer Dogs
Sniffer dogs have been successfully used to detect a number of 
insects including Gypsy moths (Lymantria dispar ) (Wallner and 
Ellis, 1976), bed bugs (Cimex lectularius) (Pfiester et al., 2008) and 

screwworms (Cochliomyia hominivorax ) (Welch, 1990). Welch 
trained a German wirehaired pointer (Canis familiaris) to look 
for screwworms. An overall success rate of 99.7% was achieved, 
with a success rate of 94.7% for screwworm infested animals. 8 
months of training was required before the dog was able to detect 
screwworm pupae. Pfiester et al. trained dogs to detect bed bugs 
and bed bug eggs. A 98% success rate in locating live bed bugs 
in a hotel room environment was achieved. Recently there have 
been attempts to detect Bark Beetles using sniffer dogs (Feicht, 
2006). It is unclear to the author as to whether this research is 
still ongoing.

[5] Acoustic Detection Method
It has been known for several decades that, in certain conditions, 
wood-boring larvae can be detected acoustically. One of the 
earliest recorded methods of acoustic detection of larvae in timber 
used a variety of microphones as the sensor (Colebrook, 1937). 
This method required the wood under observation to be enclosed 
in a sound-proof container. Whilst no automated detection or 
analysis was performed in this experiment it demonstrated that 
larvae biting within timber do produce a detectable sound at the 
timber’s surface. A similar approach was applied to listen for 
larvae in the timber of buildings (Schwarz et al., 1935). This 
demonstrated that acoustic detection can be used to detect larvae in 
a noisy environment. Over the past 15 years interest in automated 
acoustic detection has grown and a number of methods have been 
investigated. These include the use of ultrasound (Fleming et 
al., 2005), piezo-electric and bi-morph sensors (Farr, 2007) and 
accelerometers (Mankin et al., 2004) in combination with various 
signal processing techniques to provide automated detection.
Sensor Type Invasive Details
Piezoelectric 
microphone No Detection of Xestobium

rufovillosum
Ultrasonic 
sensors No Monitoring of termites

in wood
Electret 
microphone No Recording of Oemonahirta in 

wood

Accelerometer No

Detection of Cephus
cinctus and Metamasius
callizona in Wheat and 
Bromeliads

Piezo-sensors, 
bimorphs, 
microphones

No
Detection of various
wood boring-beetle
species

Piezo-sensors Yes Detection of
Anoplophora glabripennis

Piezo-sensors Yes Detection of Rhyn-
chophorus ferrungineus

Conclusion
Current detection techniques employed by PHSI inspectors rely on 
visual inspection such as looking for beetle exit holes or frass; and 
manual destructive sampling. Visual inspection may not provide 
a reliable indication of infestation, particularly if no adults have 
emerged from a sample; destructive sampling is a time consuming 
process and may not be financially viable for consignments of 
high value plants. Acoustic detection process was found to be far 
better than other methods. 
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