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Preface

Persistent Organic Pollutants (POPs) are chemicals that persist for several years in the
environment, are accumulated to high concentrations in fatty tissues and that are magnified
through the food-chain, and hence congtitute a serious risk of causing long term damage to
human health and the environment. POPs chemicals can cause cancer, reproductive, immune,
as well as developmental and other disorders bringing infants and children at particular risk if
exposed to high levels through breast-milk and food. In 1997, UNEP s Governing Council
authorized negotiations of global treaty on 12 POPs and requested that UNEP aso initiate a
number of immediate actions to promote the reduction and / or dimination of these POPs into
the environment.

Of the 12 POPs adrin, chlordane, dieldrin, heptachlor and mirex have been used to control
termites and ants, and data indicate that the following uses may be on-going:

- chlordane for use as atermiticide in buildings and constructions,

- diédrin for usein wood,

- heptachlor for wood trestment and existing use in cable boxes and

- mirex asatermiticide.

The Expert Meeting on Termite Biology and Management was organized jointly by UNEP
and FAO with support from the Globa IPM Facility. The meeting was to provide useful and
constructive expert advice with regard to aternative management strategies for termites,

including control to protect constructions and agricultura crops. The outcome of the meeting,
including the establishment of the FAO/UNEP termite expert group and subsequent products
that will be produced, is meant to serve both donor and recipient countries in understanding
the biology of termites, especidly the roles of termites in rural and urban ecosystems, and
from this understanding identifying sustainable management strategies to strengthen national

action plans and projects. Implementation of such aternative management strategies will aso
be promoted through regiona training workshops, pilot studies and support to develop and

implement national action plans.

This document forms part of a package of products provided by UNEP to facilitate and
support the development of nationd, regiona and other initiatives to reduce / eliminate releases
of POPs. Those products are al available through the POPs Homepage at
http://www.chem.unep.ch/popy .

Thanks are given to all participating experts listed in Annex | for their vauable contributions to
the meeting discussions and the report. Specia thanks are extended to Dr Vernard Lewis who
chaired the meeting and was the main drafter of the report, to Dr Michael Lenz and Dr
Michael Haverty for their specia efforts and to Ms Marjon Fredrix (consultant to UNEP) who
contributed substantialy to the organization of the meeting and the preparation of the report.
Dr Peter Kenmore (FAO), and Ms Agneta Sundén Byléhn (UNEP) were the responsible
officers in the secretariats. UNEP would also like to extend specific thanks to FAO and the
Globa IPM Fecility for supporting via this workshop, the internationa actions on POPs.
Financia support from the Government of the United States of America for immediate actions
on POPs aso contributed to the workshop.
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WORKSHOP BACKGROUND

UNEP Chemicals, FAO Plant Protection Services, and the Global IPM Facility
organized the Expert Workshop on Termite Biology and Management from 1-3
February 2000 in Geneva. Termite researchers and pesticide regulators from around
the world gathered for three days to discuss termite biology, ecology, and
management.

The objectives of the Termite Biology and Management Workshop were;

- 10 assess the present situation on termite biology and their management
worldwide and

- to formulate recommendations on approaches and future activities for
termite
management that would allow reduction/elminination of the pesticides
known as
Persistent Organic Pollutants (POPS).

Persistent Organic Pollutants (POPs) are toxic compounds that are persistent,
bio-accumulate, and are transported globally in air and water. At present, POPs can be
found everywhere, including places where they were neither used nor produced. They
pose a threat to human health and the environment at the globd level.

UNEP's Governing Council, at its nineteenth session in 1997, concluded that
international action, including a global treaty, is required to reduce the risks to human
health and the environment arising from the release of POPs. The Governing Council
requested that UNEP prepare for, and convene by early 1998, an intergovernmental
negotiation committee (INC). The INC has a mandate to prepare an international
treaty. Twelve POPs were selected initialy: aldrin, chlordane, DDT, dieldrin, endrin,
heptachlor, hexachlorobenzene, mirex, toxaphene (9 pesticides), PCBs, dioxins and
furans (industrial chemicals and unwanted chemicals). The treaty text is expected to be
agreed upon by the end of 2000 and the convention adopted and opened for signature
in May 2001 in Stockholm.

In the draft treaty text Article D, paragraphs 1 and 2 adresses measures to
eliminate and restrictintentionally produced POPs and possible exemptions to such
measures. The treaty text can be accessed through Internet:
(http://www.chem.unep.ch/pops/). As can be seen in the convention text, most POPs
pesticides are scheduled for elimination..

Of the 9 POPs pesticides adrin, chlordane, dieldrin, heptachlor, and mirex have
been used to manage termites and ants. In the elimination annex (A) of the draft treaty
text specia country exemptions had by mid 2000been requested for uses relevant to
termite control for:

- chlordane for use as atermiticide in buildings and constructions,
- dieldrin for use in wood,
- heptachlor for wood treatment and existing use in cable boxes and,



- mirex as atermiticide.

The Expert Meeting on Termite Biology and Management was organized to
provide advice with regard to alternative management strategies for termites leading to
the elimination of POPs.

The ongoing negotiations and the future POPs treaty have created momentum
to review present termite management strategies and to search for more sustainable
management in the future. The outcomes of the workshop are expected to make
information on termites available for the further development of the treaty, to educate
stakeholders, and to help develop a decision making process to reduce the World's
reliance on POPs pesticides.

. TERMITE BIOLOGY AND ECOLOGY

In the first ever attempt to globally discuss the impact termites have on natural
and man-made habitats, termite experts convened from all major continents (see Annex
| for list of participants). Although the focus of the workshop was to identify
alternative management strategies to replace or eliminate POPs, the organizers felt that
agloba understanding of termites and their role in the environment was a necessary
first step. Workshop presentation abstracts on termite biology and ecology are
contained in Annex Il.

A. Background on Termites

Termites are small white to tan, sometimes black, colored insects that livein
socia groups or colonies and are composed of very different looking individuals called
castes. Termites also have overlapping generations and a sterile caste that does not
reproduce. Tasks are shared among colony members. Certain individuals have
developed special features enabling them to carry out special tasks. The largest colony
member is the queen. She lays eggs, sometimes thousandsin asingle day. A king, or
reproductive male, is always nearby. Soldiers have large heads with powerful jaws, or
abulb-like head that squirts a deterrent liquid. The vast majority of the termitesin a
colony are workers. They tend the queen and brood, build and repair the nest, and
gather food. Unique among social insects, termite workers can be male or female.
Nymphs make up another significant part of the population. They resemble workers,
but have wing buds. The nymphs develop into the adult termites (alates). They leave
the nest at certain times of year, fly away from the colony, pair up, and found new
colonies. Nymphs are the future kings and queens.

Many people confuse termites with ants, hence termites are often called "white
ants’. A closer look at both groups of insects, apart from a difference in color, reveas
two easily observed distinguishing festures: termites have straight antennae and a
broad waist, while ants have elbowed antennae and a narrow waist. Termites are an
ancient insect group whose ancestry goes back more than 100 million years. Termites
belong to the group of insects called Isoptera, a Latin term referring to the fact that
adult termites have two pairs of wings that look very much aike.



1. Termitesassocial insects and ecology groupings

There are more than 2,600 recognized species of termites. However, most of
this diversity can be assigned to three distinct groups based on feeding and nesting
habits. dampwood, drywood, and subterranean termites. Dampwood termites are
largely restricted to cooler and wetter forest regions in different parts of the world.
They derive their name from the fact that they live and feed in very moist standing or
falen trees. Drywood termites are common on most continents and can survive in very
dry conditions, even dead wood in deserts. They do not require direct contact with a
source of moisture and do not make any connections to the soil. Both dampwood and
drywood termites nest within their food source. Once all suitable wood is consumed, a
colony of dampwood or drywood termites declines, producing one last group of alates
or the colony eventually perishes. These termites are as arule not able to move from
one food source to another. In subterranean termites on the other hand, nesting and
feeding sites are well separated but linked through a system of underground tunnels.
These termites maintain foraging territories and can utilize a variety of food sources
simultaneously. They reach their food sources by moving through the soil and meet
their requirements for water by tunneling in the ground, often to great depth, to reach
the water table. This group can be further subdivided, based on nesting biology. Some
species have arather open, ill-defined nest system of a series of chambers and galleries
in the ground or in fallen timber, while others build well-defined nests either below
ground, within trees, on the outside of trees (arboreal nests) or construct above-
ground mounds. The mounds may tower 8 meters or more in height. These mounds
can be a significant feature of the landscape, most notably in the tropical zones of
Africa, Australia, Southeast Asia, and parts of South America. Mound-building
termites are not found in North America or Europe (see Annex |11, Biology and
Ecology of Termites). Subterranean termites are very numerous in many parts of the
world.

2. Positiveimpacts of termites

Termites contribute significantly to most of the world's ecosystems. Of
greatest importance is the role they play in recycling wood and other plant material.
Their tunneling efforts help to ensure soils are porous, aerated and enriched in minerals
and nutrients to support better plant growth. For example, termite activity in the
desert areas of North Africa helps to reclaim soils damaged by overgrazing. Termites
are an important food source for many other animals including many reptiles, birds and
mammals. Termite mounds and trees hollowed out by termites provide shelter and
breeding sites for many other creatures.

3. Negative impacts of termites

Some termites are destructive feeders and consume homes and agricultural
crops. Termites that are most destructive to wooden buildings include the subterranean
Reticulitermes and Coptotermes. These two groups appear to be increasing in
importance worldwide, due to growing international commerce and exchange of
people and goods. Many regions of the world are currently experiencing expansions
and/or invasions of subterranean termites. In some areas, termites constitute a



significant pest problem in agriculture. In general, plants exotic to the specific area and
stressed plants are most prone to attack by termites.

4. Evolution

The origins of termites probably go back as far as the Upper Jurassic. All
known fossils are from the Cretaceous Period and appear to be relatively primitive.
However, the distribution of modern termite families suggest evolution and dispersion
before the break up and drifting of continents in the Cretaceous Period about 130
million years ago. The current thinking is that there was an explosive radiation and
dispersion of termites during the Tertiary Period and not early evolution or drifting
continents that produced their current distribution and dominance as primary
herbivores on plant material. Today, they continue to move among the continents, but
this time their dispersion mechanism appears to be international commerce. Their
success in many habitats around the world is due in part to many factors including
cryptic habits, social structure, broad diet, breeding strategies, and their ability to
efficiently exploit resources.

5. Biological species concept

The earliest naming systems relied on biologists viewing specimens and naming
them based only on appearance. Darwin’s views on evolution and the discovery of
wide variance within and among species led to the Biological Species Concept (BSC),
as asystem for naming species. This concept emphasizes the actual or potential
interbreeding of populations for speciesinclusion. However, hybrid zones and
difficulties in knowing for certain if isolation mechanisms for preventing interbreeding
exist under field conditions are impediments to accepting the BSC. Currently, a
combination of genetic and chemical techniques are being used to improve character
definition for naming termites. This more comprehensive system will be particularly
useful for naming subterranean termite species (Reticulitermes) and fungus-growing
species (e.g., Odontotermes and Microtermes), traditionally difficult groups to define
taxonomically.

B. BIOLOGY AND ECOLOGY
1. Characteristics of atermite colony

Termites appear to be highly variable in number and foraging range depending
on species, season, and geographic locality. Some species (subterranean) appear to
have very large colonies of several million individuals and forage over an area >
10,000m?. Other species have much smaller colonies and forage within areas of only a
few square meters.



2. Review of termite biology and ecology by continent
North/Central/South America

The diversity of termitesin North Americaislow compared to other regions of
theworld. Lessthan 50 dampwood, drywood, and subterranean species are
recognized. Conspicuously absent from North America are mound-building and
arboreal termites that are commonly found in other continents. Dampwood termites
(genus Zootermopsis, Family Termopsidae) are confined to coniferous forests of the
Western United States, Canada and Mexico; one species, however, isfound in the
southwestern desert region. Drywood termites (important genera Cryptotermes,
Incisitermes, Kalotermes, Neotermes, Family Kalotermitidae) occupy a band
approximately 35 degrees southward latitude across North America. In nature, they
prefer hardwood forests and scrubs at elevations < 500 meters. Subterranean termites
(important genera Reticulitermes, Heterotermes, Family Rhinotermitidag; Amitermes,
Family Termitidae) are the most diverse and widespread group of termitesin North
America. There are > 24 species and they occur from below sea level to > 2,000 m.
These termites nest below ground and can have large populations that travel through a
diffuse network of tunnels connecting numerous feeding sites. In general, all termite
speciesin North America prefer dead or decaying wood. Native species rarely attack
living plantsin natural areas. Termite biomass estimates and their contributions to soils
for various habitats of North America are under-reported.

Over 400 termite species are recognized from South America. However, many
more are yet to be described. Mound-building species and arboreal species are
common in South America. Termitesin South America occupy many ecological
zones, Amazon, Cerrado Atlantic Forest, Pampa, and Chaco. Important termite
generainclude Nasutitermes (Family Termitidae), Cryptotermes and Neotermes
(Family Kalotermitidae), and Coptoter mes and Heter otermes (Family Rhinotermitidag).
In part because of the tremendous diversity and lack of experts, taxonomy remains a
critical impediment to understanding termite biology and ecology in South America

Only cursory information is available on termite biology and ecology for the
Caribbean Basin. The termite expert group also acknowledged the limited expertise
among
those present at the workshop for Central America and Mexico where much of the
termite faunais yet to be described and the biology and ecology are poorly understood.

Europe

Europe has the smallest number of termite species among the world's
continents. The important genus is Reticulitermes which is widespread along the
Mediterranean coastline of Spain, France, Italy, the Balkans countries, and Greece.
Currently five species are recognized. Although native species of Reticulitermes exist
in Europe, there are still questions on their origins and relationship to species from
eastern North America. In parts of Europe Reticultermes kills living trees, an unusual
trait for the genus. Research continues in Europe using cuticular hydrocarbons,



molecular genetics, soldier defensive secretions, and antagonistic behavior in mapping
out species distribution and describing colony interactions.

Africa

The African continent is climatically and geographically very diverse, contains
the world's largest desert, and aso one of the highest mountain peaks. Termite
diversity also reflects this topological and climatological diversity. More than 1,000 of
the > 2,600 recognized species are found on the African continent. Mound-building
species of termites occur throughout most of the African landscape.

Termite diversity in North Africais low, with about 11 species, comprised of
subterranean and drywood termites. The important genera are Anacanthoter mes
(Family Hodotermitidae), Psamotermes and Reticulitermes (Family Rhinotermitidae),
Amitermes, and Microcerotermes (Family Termitidae), and several species of
Kalotermitidae. Termites have been transported over much of North Africa over the
millennia due to commerce and nomadic migrations. The xeric (dry) conditions
throughout most of North Africa preclude dampwood termites. However, mound-
building termites do occur.

East Africa, has arich termite fauna with a notable abundance of speciesin the
Macrotermitinae. The important generain the forests include Schedor hinotermes and
Cubitermes. In the savanna areas, Macrotermitinae, Termitiane, Amitermitinae and
Nasutitermitinae are important taxa. Their biomass exceeds that of mammalsin the
same landscape and may exceed 50 kg (dry weight) per hectare. The distribution of
mounds in the savannas appears highly dependent on resources more than competition
from nearest neighbors. Grass-feeding and harvester species play an important role in
decomposition of organic matter and turning over as much as 2000 kg of soil per
hectare per year. Pheromones, cuticular hydrocarbons, and genetics al play an
important role in maintaining colony and species uniqueness. A number of chemicals
used by termites to communicate foraging information elicit responses across genera
and families.

Termite diversity in West Africais similar to that in East Africac mound-
building species dominate the landscape, although other subterranean and drywood
termite species also occur. Important genera include Ancistrotermes, Macrotermes,
Odontotermes (Family Termitidae, Subfamily Macrotermitinae), and Microtermes and
Cubitermes (Termitidae: Termitinae). The xeric conditions over most of the continent
pose severe competition for resources for termites.

Results were presented at the workshop on the role that termites play in the
rehabilitation of crusted soilsin the Sahel and carbon dioxide gas production. By using
mulch, soils formerly barren and unusable for agriculture or grazing were restored
within months by termite activity. Because of their tunneling and foraging activity,
termites in the genera Macrotermes are primarily responsible for positively impacting
soil structure, porosity, chemical status, and organic residue. Carbon dioxide gas
production by termites is most abundant in savanna areas containing mound building
species. Important generaincluded Ancistrotermes and Odontotermes. The recycling



of carbon in grassy, shrubby, and woody savannas in Africais greatly influenced by
termites.

The group's discussions on termites for the continent did not cover the tropical
forests of Central Africaor all of southern Africa. These areas also contain adiverse
and abundant termite fauna.

Asa

The information for this continent was restricted to presentations from China.
More than 435 termite species are described from China. Most ecological groups,
subterranean, drywood, harvester termites, and mound builders, are found. Common
and important genera include Coptotermes, Reticulitermes (Family Rhinotermitidae),
Macrotermes and Odontoter mes (Macrotermitidae), and Cryptotermes
(Kalotermitidae). Termite distribution in Chinais restricted to the tropical, subtropical,
and milder climatic regions south of the Yangtze River. Termites occur in many
environments; be they natural or influenced by man. Overal, the knowledge of the
Chinese and Asian termite fauna and its biology and ecology is still rather limited.

Australia

More than 360 species of termites have been described from Australia Most
termite ecological groups (subterranean [including mound builders], drywood,
dampwood and harvester termites) are represented in Australia. However, the
Austraian termite faunais most known for its relict, primitive genera Mastoter mes,
Porotemes, and Stolotemes. I1n-depth understanding of the biology and ecology of
termitesis restricted to 5 to 15% of the described species. Termitesin Australia
significantly contribute to soils, air, carbon cycles, as well as invertebrate and
vertebrate ecologies. Large-scale studies have described, or are attempting to
describe, intra- and inter-colony interactions. Comparisons of direct counts of termites
in colonies of mound-building species with estimates from mark - release - recapture
studies have identified the limitations of the latter method in obtaining reliable
population estimates.



1. MANAGEMENT OF TERMITES

Nine presentations gave a global view of the pest status of termites as
structural pests and their management. The presentations are listed geographically by
continent. One presentation was given on termites as agricultural pests. (Management
practices from around the world are contained in Annex |V-Table Management of
Termitesin Urban Ecosystems). Presentation abstracts on termite management are
availablein Annex Il.

A. Termite management in urban ecosystems
Americas

In the United States, > 1 billion (US$) is spent annually for the management of
termite problems in buildings and other structures. Termite management in North
Americais highly regulated, both at the chemical manufacturer's level and service
provider level. Thousands of firms are licensed to practice termite management in
North America. Subterranean termites (Reticulitermes, Coptotermes, and
Heterotermes) are responsible for >90% of the management and damage costs in the
United States. Drywood termites (Incisitermes and Cryptoter mes) have lesser
importance as structural pests. Soil drenches with liquid termiticides use to dominate
the management tactic for subterranean termites. However, baiting is gaining
acceptance. Surveys of pest management firms reveal poor building practices are
responsible for many of the subterranean termite problems. Although not discussed at
the workshop, Canada and Mexico also have commercial pest management firms and
association responsible for termite management in their respective countries.

Discussion on termite management in South America focussed primarily on
Chile. Dampwood, drywood, and subterranean termites can be found in Chile. A
subterranean termite, Reticulitermes has recently become an introduced pest. It now
infests at least 70,000 homes. The pest management industry is not very large in Chile.
The current management method involves the use of acommercially available
organophosphate termiticides applied to the soil. However, acommercial bait system
isnow being used in selected neighborhoods.

Europe

Termite problems in Europe are increasing. Traditionally the pest genus
Reticulitermes, occurs in France and the Mediterranean (Portugal, Spain, Italy, and
Greece). Spread into neighboring countries is considered a possibility. Introductions
well outside the natural range have been reported from Germany and England. The
pest management industry in Europe, relevant to termites, is small compared to the
United States (< 200 firms). The costs for treatment and damage repairs will exceed 1
billion (Euro) within 5 years. Average cost for subterranean termite management per
residence is expensive in Europe, three-fold more expensive per n? compared to North
America (60 Euro/m’ versus 20 Euro/n, respectively). Termiticide applications are
particularly challenging in Europe due to high density of buildings, type of
constructions, and historic age of many buildings. Termiticides used today are



primarily organophosphates and pyrethroids. Newer chemicals (e.g., compounds that
affect GABA receptors) and baits are gaining acceptance. There are considerable
differences between termite species in behavior and susceptibility to chemical barrier
treatments. The challenges pest control operators face will be in identifying which
species are causing the problem and selecting safer management methods.

Africa

Termite management on the African continentsis varied and differs markedly
from the Americas and Europe. In North Africa measures range from commercial
services to physical removal of queens and nests by hand. In Egypt, drywood and
subterranean termites pose the greatest threat to structures. Management practices are
similar to those reported for the Americas and Europe, including soil applications with
the usual range of termiticides and baiting. For drywood termites, fumigation with
methyl bromide is the standard practice. Surface application (brushing or spraying)
and injection into wood of organophosphates, pyrethroids, and inorganic materials are
also conducted. Future prospects for management includes improved building
practices, physical barriers, and use of safer chemicals, and development of other
alternative management methods. In Ethiopia, much of the pest management is done
by local residents, removing nests and queens by hand although the key pest species
(Microtermes) nest below ground out of the farmers’ direct reach. Termiticides,
including organochlorines are infrequently used due to lack of availability. In West
Africa, newer termiticides are also not available. Alternative methods for management
include used motor oil and flooding termite nests with water.

Asa

Again, comments are restricted to China. Economic losses from termites
exceed
>1 billion (US$) each year. Tens of thousands of tons of pesticides, mostly
organochlorines, have been applied in the 13 provinces of Southern China
Coptotermes, Cryptotermes, and Reticulitermes are the primary termite pests of
structures. Infestations rates of buildings in Guangdong and Hainan provinces may be
as high as 80%. Pest management in Chinais state controlled and operated. As many
as 17 special companies conduct soil treatments for termites in Guangdong province
alone. Termites also damage utility poles and the earthen walls of dams. Many
different chemicals are currently used in Chinafor termite management. They include
fumigants (methyl bromide and phosphine), organophosphates, inorganic dusts,
pyrethroids, wood preservatives (copper-arsenic and penta compounds) and a number
of organochlorines. Future prospects for management include using baits, physical
barriers, monitoring, improved building practices and less dependence on the use of
organochlorines.

Unfortunately other experts from Asiawere not represented at the workshop.
However, it appears Japan may be the third largest user of pesticides for structural pest
management in the world. Other areas of Southeast Asiaand India also may use large
volumes of pesticides for termite management. Representatives from these regions will
be sought to attend future workshops.



Australia

There are 16 key pest species of subterranean termitesin Australia. The cost
for management and damage repairs for termitesis estimated at > $ 100 million
(Australian) each year. The ban on cyclodiene use in 1995 triggered the development
of adiverse array of remedia and preventive termite management methods. Termite
management systems currently available include soil drenches with modern chemicals,
physical barriers (including properly constructed concrete slabs), baits, resistant
materials, and biological control. Australiais unique in the world in having developed
anational standard on termite management for whole-of-house protection. Regulators
and the pest management industry are getting close to having a national training and
licensing system in place.

B. Regulatory |ssues

Two pesticide regulators were in attendance at the workshop (USA and
China). Commercial pest management in the USA is highly regulated. For public
safety and efficacy assurance, pesticide registration is an expensive and time-
consuming process. There are many national and state laws pertaining to the safe use
of pesticides. The use of chlordane and aldrin for termite management has been
prohibited since 1989, and substantial experience with the use of alternatives to POPs
has been developed in North America. A regulatory concern is assuring consumers
that alternatives to POPs are effective and that these alternatives protect wooden
structures from termite attack and will not require excessive re-treatments with
pesticides. Countries that are adopting alternatives to POPs may experience problems
with ineffective treatment methods during the transition.

Pest management in The People's Republic of China (PRC) is state operated.
Certification and training are required for pesticide applicators. Many chemicals
manufactured and used in the PRC for termite management are also listed as POPs. At
least 200 tons of chlordane are used annually for termite management. However, PRC
is exploring the use of alternatives to POPs.

C. Termitesas Agricultural Pests

Termites as agricultural pests are confined primarily to Asia, Africa, South
America, and Australia. The major pest species belong to the genera Macr oter mes,
Microcerotermes, Microtermes, Psamotermes, and Odontotermes in Africa and Indo-
Malaysa. Mastotermesis an important horticultural pest in tropical Australia, while
Cornitermes and Procor nitermes cause significant crop problems in South America
Damage varies from superficial to death of the plant. However, most damage appears
restricted to exotic plants which are often stressed when grown at suboptimal sites.
Healthy plants can often tolerate some termite damage. It was stressed that most
termite species in agricultural fields do not damage native crops. Management over
the decades has relied on persistent low-cost organic pesticides. Agricultural practices
of today do not stress the use of POPs as compared to management practices in urban
areas. Alternatives used include baits and non-chemica methods, such as providing
alternative food material to termites between rows of crops. Accessto and
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affordability of termiticides and aspects of the biology of some pest species limit the
success of control measures, notably in poorer countries.

IV. TERMITE WORKGROUPS (Definition and Member ship)
1. Nasutetermites

Nasute termites live in most tropical and subtropical regions of the world, being
particularly abundant and diverse in South America. They livein all kinds of habitats
and have diverse feeding habits. Food items, range from wood to humus to lesf-litter
and even lichens. There are about 600 known species of nasute termites. In some
parts of South Americathey may be economically more important than all other groups
of termites. There are reports of structural damage by nasute termites in tropical
Americaand Australia. 1n South America, Nasutitermes corniger became an urban
pest, with records of damage from Venezuela, various parts of Brazil, and Argentina.
A study on the wood pestsin the city of Belém, Brazil, showed N. corniger to be the
single most important structural pest. This species occursin natural habitats from
southern Mexico to northern Argentina. In Australia, Nasutitermes exitiosus has been
reported as an important structural pest. Several nasute termites are also important
pests in agriculture and forestry. Damaged crops include sugar-cane, rice, soybean,
cotton, maize and peanut. In South America, the most often damaged crop is sugar-
cane, which is attacked by Nasutitermes and the mandibulate nasutes Syntermes,
Procornitermes and Cornitermes. Nasutes of the genus Trinervitermes have been
reported as agricultural pest in some parts of Africaand India Mandibulate nasutes,
especially Syntermes, cause important damage to Eucalyptus in Brazil.

Experts: Reginaldo Constantino and Barbara Thorne (Group Spokesman,
Reginaldo Constantino.)

2. Urban subterranean ter mites-Rhinoter mitidae

Subterranean termites are globally one of the dominant life forms that inhabit
soils. Their presence can be obvious (mound-builders), or cryptic and hidden below
ground; for example species in the family Rhinotermitidae. Many species have been
reported as pests of buildings, agricultural crops, and trees. Subterranean termite
problems are increasing in many continents. The function of this workshop expert
group will be to centralize information on the biology, detection, and management of
subterranean termites. This information will be aresource for UNEP and FAO as they
prepare negotiators for upcoming treaty deliberations on POPs reduction/elimination

Experts. Nan-Yao Su, Barbara Thorne, Jean-Luc Clément, Brian Forschler,

Michael Haverty, Michael Lenz, Steven Dwinell (Group spokesmen;
Coptotermes, Nan-Y ao Su; Reticulitermes, Brian Forschler).
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3. Fungus growing ter mites-Microtermes, Macrotermes and
Odonototermes

Microtermes, Odontotermes, and Macrotermes with their conspicuous earthen
mounds are the major genera of the fungus-growing termites. This group of termitesis
renown for their ability to maintain fungus gardens. First, fungi are an important factor
in the food chain of the termites; fungus enable termites to live on food of low quality
not utilised by mammals. Second, fungus gardens are an important medium for
maintaining a constant microclimate in a termite nest. Finaly, fungi are a nutritional
buffer so that colonies can survive harsh conditions, such as draught (Sahelian Zone),
or fluctuating environmental conditions, such as extended periods of heavy seasonal
rains (savannahs). The number of fungus growing termite species is questionable.
Two genera, Microtermes and Odontotermes, urgently require taxonomic revision.
Nevertheless, their ecological role is significant, particularly in arid and semi-arid
ecosystems that dominate Africa south of the Sahara. In these habitats the biomass of
fungus growing termites exceeds that of domestic livestock and other vertebrates.
Their beneficial impact on soil rehabilitation is notable due to their role in
decomposition of organic matter and turning over soil, which is particular important in
the Sahelian Zone with its crusted soils. Therefore, these termites help to fertilize and
to aerate soil especidly in arid and overgrazed regions. Microtermes and
Odontotermes are important pests in agriculture; they attack predominantly introduced
crops like wheat, groundnuts, or other legumes rather than indigenous plants. As
damage seems to be restricted to the root system, damage is greater in seedlings than
in mature crops. Macrotermes and Odontotermes cause damage to pastures,
particularly during draught periods, but damage is mostly associated with overgrazing.
The majority of fungus growing termite species do not feed on wood, and thus their
damage to rural housing seems to be of little economic significance.

Experts: Manfred Kaib, Abdoulaye Mando, Souleymane Konate, Thomas
Wood, Abdurahman Abdulahi (Group Spokesman, Manfred Kaib).

4. Drywood termites-K aloter mitidae

Drywood termites are common on all continents. The unique characteristic of
this termite group is that they do not require soil contact for survival. There are
hundreds of species worldwide. The important pest species belong to the family
Kalotermitidae and genera Cryptotermes, Incisitermes, Kalotermes, and Neoter mes.
Drywood termites are serious structural pests around the world. Some can also be
agricultural pests. The function of this workshop expert group is to gather information
on the ecology, biology, and management of drywood termites. This group will also
serve as aresource for UNEP and FAO as they prepare negotiators for upcoming
treaty deliberations on POPs reduction/elimination.

Experts. Vernard Lewis, Michaegl Lenz, Samia Moein (Group Spokesman,
Vernard Lewis).
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5. Alternative management for termites

Redlistically, alternatives to POPs for termite management exist around the
world. However, the identification, categorization, and efficacy testing for many POPs
alternative management methods are incomplete. The function of this workshop
expert group will be to identify aternatives to POPs and centralize them in a database
for UNEP and FAO as they prepare negotiators for future treaty deliberations.

This subgroup membership and committee charge still needs resolution
Experts (so far): Vernard Lewis, Group Spokesman Michael Lenz.

V. APPROACHESAND STRATEGIESFOR SUSTAINABLE TERMITE
MANAGEMENT

After the technical presentations, the meeting broke up into three smaller
groups to discuss the Ecology and biology of termites, Population monitoring and
damage assessment, and Alternative management.

A. Ecology and biology of termites

This group noted that the concern about POPs and pest management has put a
welcome spotlight on termites and their beneficial role in many habitats around the
world. The groups aso acknowledged the exciting work on termites that includes
their taxonomy, physiology, population genetics, combating desertification (habitats
becoming deserts), and many more areas of biology and ecology. Termites are also
important as ecosystem engineersin soils. Their tunneling and foraging activities help
soil aeration, soil fragmentation, and nutrient recycling. The group would especially
like to see work on the ecosystem links continue, and incorporate plant, invertebrate,
vertebrate, and other metazoan (all animals except the protozoa) communities.

B. Population monitoring and damage assessment

This group focussed on termite monitoring and damage assessment for
agricultural and urban ecosystems. The damage termites cause is vastly different
between urban and agricultural habitats. While termites do attack agricultural crops,
this does not necessarily mean notable economic losses. For urban habitats, the
perception and fear of termites are greater than should be the case, given the damage
they cause. The discussion also included the need for tools for species determination
and a better means for assessing termite numbers and damage.

C. Alter native management

This group tried to define just which species should be classed as subterranean
termites, as well as delineating urban, natural, and agricultural habitats. They felt that
the first step in reducing or eliminating POPs was to define the termite problem and its
scope. Documentation was needed for aternatives to POPs, as well as a clear set of
descriptions and criteriafor evaluation and adoption of these alternatives. Testing of
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alternative management methods should be based on sound biology and ecology of
termites, including interactions with invertebrates, vertebrates, plants, and other
metazoans. Adoption of these alternative methods should also take into account their
accessibility, and cultural differences between regions in the decision-making processes
leading to adoption of alternative technology. Decentralization and accessibility of
information to a broad public base was very important. This group aso recommended
more information on termites be provided to the public at large and more targeted to
negotiators during the remaining INCs, and other stakeholders. Wide dissemination of
such information should result in less reliance on POPs pesticides.

VI. FUTURE ACTIONS
Creation of key points on termite biology (Chairman’s Report) for policy makers
for INC. Completed March 2000. The information is now available through the

POPs Homepage Website.

Creation of five termite functional groups (letters of invite sent out from UNEP
May 2000).

Creation of 2 to 3 web pages of essentia information for each termite functional
group. Work is ongoing.

Creation of in-depth booklets containing 20-25 pages of text, illustrations, and
photographs for each termite functional group. Time frame for completion of
booklets in several languagesisin time for the Stockholm INC meeting in May
2001.

Create web pages and short fact sheets on alternatives to POPs and link to other
regulatory and environmental sources of information. Work is ongoing.

Continuation of the expert group, creation of chat groups at the POPs homepage,
and identifying other relevant expertise for other world regions. Work is ongoing.

Possible pilot studies on aternative management strategies. Work to be devel oped.
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Annex | . Presentation Abstracts
Termitesas Structural Pestsin Ethiopia

Abdurahman Abdulahi
Desert Locugt Control Organization for Eastern Africa
P.O.Box 48
Dire Dawa, Ethiopia

Termites are very serious Pestsin severd parts of Ethiopia, particularly inthe
Western parts of the country. They cause consderable damage on agricultura crops,
rangelands, forestry seedlings, and wooden structures such asrura houses, stores,
fences and bridges crossing streams.  According to the studies conducted in western
Ethiopia, thatched roof huts are destroyed in less than five years and corrugated iron
roof housesin lessthan eight years.

Many of the wooden structures in the western parts of the country require
maintenance every yesr.

Asareault, trees are cut frequently to replace the structures destroyed by
termites. Thiswould in turn lead to deforestation, eroson and environmenta
degradation.

About 61 species of termites belonging to 2.5 generaand four families have
been recorded in the country.

Only very few of these are important pests of agricultura crops, forestry
seedlings, rangelands and wooden structures. The rest are harmless feeding either on
dead plant materids, herbivore dung or soil organic matter.

The mgor termite species that cause damage on wooden structures belong to
the fungus- growing subfamilies and to the genera Macre-termes, Odontotermes,
Pseudacanthotermes, Microtermes and Ancistrotemes. The fungus-growing termites
depend for the digestion of their food on the fungus cultivated within the nest.

The termite Control methods currently practiced in the country include mound
treatment using adrin 40% WP or heptachlor 40% WP, queen removal, mound
flooding and to some extent use of botanicals.

Trench trestment using persistent organochlorine is hardly used due to lack of
their availability in the market and lack of donor support to fund their procurement.

Although termites are important structura pestsin the country research on the
development of dternative pesticides and methods of control has not yet received the
necessary attention. Therefore, research in these areas and |PM requires special
congderation.
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NATURAL BIOLOGY AND ECOLOGY OF TERMITESIN EUROPE

Dr. JeantLuc Clément
Professor a the Universty of Marsallle
Laboratoire de Neurobiologie du CNRS
31 chemin J. Aiguier 13402 Marsgille, France
clement@lnb.cnrs-mrsfr

Termites are useful natural components of European woodland ecosystems.
They feed mainly on decaying Pinus trees. Two termite generaare found living
naturdly in Europe, i.e., Calotermes and Recticulitermes. Calotermes is represented
by asingle species, namdy: C. flavicollis, a dry-wood termite living along the entire
Mediterranean coastline. Reticulitermesis represented by five species, namdly:
R santonenesisin western France, R. grassel in southwestern France, northern and
southern Spain and Portugdl, R. banyulensis in northeastern Spain and southwestern
France, R. lucifugusin Italy and southeastern France and R. balkanensisin the
Badkans. R. santonensisisclosdly kin to the American speciesR. flavipes. R. grasse,
R. banyulensis, R. lucifugus and R. balkanensis belong to the same super species.
Discrimination of these closaly smilar species was achieved on the basis
morphologicd, chemica (cuticular hydrocarbons and soldier defensive secretions)
and molecular (DNA) features. New colonies can be formed by two methods. The
firg involves the flight of winged sexud dates from the parent colony. Thisiscaled
swarming. The second involves subterranean gdlery building. When workers
become cut off from the parent colony, some can molt and become neotenic
reproducers. The mechanisms of specific isolation have been extensvely studied
including the swarming period and interspecific aggression between workers
preventing neotenic hybridization. Ethologica and molecular studies have provided
much data on the genetic structure of nests which varies according to species and
location. All coloniesof R. banyulensis and coloniesof R. grassel in southern areas
are closed families with a single couple of reproducers. Coloniesof R. grassel in
northern areas are open in the summer and closed in the winter. Sixty percent of R
grassel nests are interrelated. Nests in the area extending from Royan to Santiago da
Compostel can be considered as avast supernest forming a chain with genetic
exchanges and communicating galleries between neighboring colonies. In
R. lucifugus and R. santonensis, colonies remain open year round. Half of the nest
can be consdered as afamily descending from the same couple of reproducers (sexua
dates or neotenics). In al termite societies, nestmate recognition depends on
chemica sgnatures formed by varigtion in the relative proportion of cuticular
hydrocarbons.
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TERMITESASSTRUCTURAL PESTSIN EUROPE

Dr. Jean-Luc Clément
Professor at the Universty of Marsaille
Laboratoire de Neurobiologie du CNRS
31 chemin J. Aiguier 13402 Marsdille, France
clement@Inb.cnrs-mrsfr

Termite species of the Reticulitermes genus cause extensive property damage
in Europe. Franceisthe only country with accurate statistics on this problem. The
edimated cogt of termite treatment is 200 million Euros per year. The termite control
sector includes 180 Pest Control Operator (PCO) companies with 400 technicians.
Over 8000 job sites are treated each year. The mean price per Site is around
6700 Euros per 100 m?. This amount would probably double if added with the cost of
repairs, replacement or destruction of structures, furniture, wals, and other
woodwork. Including fees charged for mandatory ingpection before dl real estate
sdes, the annud cogt in France aone would be around 500 million Eurosayear. In
southern Europe (Italy, Spain, Portugal, and Greece) where avariety of termite
species can be found and building infetation is consderable, government officias
have only recently given serious atention to this problem. Many historic buildings
have been severdly damaged. With growing income, economic harmonization, and
new regulations in Europe, the Situation can be expected to change rapidly in the
next 10 years. Within 5 years, the yearly turnover of termite control companiesin the
European Community will reach a least 1 hillion Euros. Over two-thirds of PCOs
use traditiona chemica barrier control techniques involving injection of hazardous
pesticides (organochlorates and pyrethroids) into walls, ground, or structura
elements. Inthelast 5 years, substantial progress has been made in control
technology thanks to initiatives from the industry in co-operation with consumer
groups and governmenta agencies (Universtiesand CNRS). A number of safer
agents are now available such as growth regulators and molecules that target newly
discovered functions or biochemica receptors (e.g. GABA receptors, monoamino
oxydases, ...). These breakthroughs have enabled the development of more
sophisticated technologies such as baits and trestment with pathogenic agents.
However widespread implementation of these sophidticated technologies Htill faces
numerous obstacles. The 5 gpecies of termites found in Europe differ widely in
behavior and resistance to control techniques. Colonies show various types genetic
gructure including closed families, consanguineous tribes, and vast populations.
Diffusion of the toxin varies depending on the mechaniam of new colony formation
and genetic structure. Some species may be so closdaly related that they cannot be
distinguished by morphologica criteria. Pest control techniques must be constantly
taking into account whether or not the species are naturally present in the area.
Current PCOs are not equipped with chemica or biologica techniques necessary to
identify species and plan adequate control strategy. |1t should also be noted that
human endeavor in recent years has resulted in a digplacement of species outside of
naturd habitants in southern regionsto northern regions. A variety of highly
destructive species have been identified in awide range of locations including towns
like Paris, Rouen, Nantes, Bourges, and Domene (near Grenoble) in France,
Bagniacavdo in Italy, and Hamburg in Germany aswell asin villagesin southern
England. By confounding the conventiond borders between species, this man-made
migration has greetly complicated the task of PCO. Asaresult of importation,
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Marssille now has two foreign species in addition to the one naturaly occurring
gpecies. Similarly in southwestern France, three imported species can befound in
addition to one natural woodland species. Since species react differently to new
control techniques and agents, identification systems must be develop to alow PCO
to customize control srategy. Spreading will likely continue and infestation will
probably appesr in aress that have been unaffected up to now in northern France,
England, Belgium, Germany, and Switzerland. A greater understanding of the
mechaniams of new colony formation in citiesis needed o that local officids can
choose and implement adequate preventive srategies. Traditiond techniques usng
chemica barriers and hazardous chemicals such as organochlorates or pyrethroids
can and must be replaced with more environmentdly friendly, specificaly targeted
techniques. Interesting results have been obtained in pilot areas such as Paris and
Bourges.
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Natural Biology and Ecology of Termitesin South America

Reginddo Congantino
Department of Zoology, University of Bradlia
70910-900 Bradlia, DF, Brazil
Email: congant@unb.br

Termites are abundant and diverse in most parts of South America,
particularly in tropical lowland forests, savannas and grasdands. The number of
known speciesiis currently 400, six of them introduced from other regions as urban
pests. Fivefamilies are present: Kadotermitidae (53 species), Rhinotermitidae (20),
Serritermitidee (1), Termitidae (325). Nasute termites (Nasutitermitinae) are
dominant both in abundance and diversity, comprising 54% of al species. The
proportion of Rhinotermitidae islow compared to other regions, but some species,
particularly Heter oter mes spp., are abundant in most parts. The taxonomy, biology
and geographica distribution of most species are poorly known, and the number of
undescribed speciesis high. The termite faunas of large areas remain totdly
unknown. Colombia, for example, alarge country with diverse habitats, has only 28
gpecies recorded in the literature. Biological datais available only for afew species.
The origina taxonomic description is the only informeation available for 150 species,
and for mogt of the rest, there are only some additiond locdlity records or minor
biologica notes.

Some of most important urban pests are introduced species: the dry-wood
termites Cryptotermes brevis, C. domesticus, C. dudleyi, C. havilandi, and the
subterranean termites Coptotemes havilandi and Reticulitermes lucifugus. C. brevisis
widespread, and probably aready present in mogt cities. Coptoter mes havilandi is
currently the mgjor termite pest in the coagtd region of Brazil, which is aso the most
populated area. Reticulitermes lucifugus became an important pest in Uruguay, and is
likely to be introduced in neighbor countries in the future.

More or less distinct termite faunas can be recognized in the mgor biomes of
South America. None of these is uniform and limits are not precise.

1. Amazon. The Amazon region, with the largest extension of tropica forest in the
World, has adiverse and abundant termite fauna, with 240 known species. Wood-
feeders are dominant in the forest, especialy nasute termites of genus Nasutiter mes.
Termite biomass has been estimated as about 2 g/n, which corresponds to nearly
20% of the total anima biomass. There are dso savannas in the Amazon, some of
them with a didtinct faunaand high dengity of epigeic mounds. The most important
termite pests in the Amazon are Nasutiter mes spp., Coptoter mes testaceus, and
Heterotermes tenuis. Dry-wood termites are dso present in larger cities.

2. Cerrado. The second largest biome is the Cerrado, a savanna vegetation that covers
12% of South America. Termites are extremely abundant in the Cerrado, with 120
species recorded. Termite mounds are a congpicuous part of the landscape, reaching
densties between 300- 750/ha. Dry-wood termites are rare, with afew records.
Litter-feeding termites are dominant. Many of them forage on the surface during the
night in large numbers. Termites can be agriculturd pestsin this region, attacking
Eucalyptus, sugar cane and other crops. Mound-building Cornitermes can reach
impressive dengties in pastures, being considered pedts.

3. Atlantic Forest. There are about 50 species recorded from the Brazilian Atlantic
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forest. Nasutitermes spp. are dominant, and their arboreal nests common. Dry-wood
termites are dso abundant. Most data on termites come from the southern portion of
the Atlantic forest. The fauna of the northern portion is clearly more diverse and
gpparently there are many undescribed species. Some native termites of thisregion
have become urban pests, even some undescribed species. For example, anew

Heter oter mes has been reported causing damage in severd cities.

4. Caatinga (xerophytic open forest or savanna). The termite fauna of the Caatingais
poorly known. There are only some 20 species recorded for the entire region, but a
recent survey shows the presence of at least 138 species, 60% of them undescribed.
At least in some areas, mounds are rare, just afew per hectare. The most common
genera are Nasutitermes and Heter otermes.

5. Pampa. The Pampa of Argentina, Uruguay and southern Brazil is mostly open
grasdand, which is used as pasture. There are about 32 species recorded for this
region, but many seem to be restricted to patches of forest. Apparently there are few
endemic species, most being present adso in the Atlantic forest, Chaco or Cerrado.
Typical species are Cortaritermes fulviceps (=Nasutiter mes ful viceps),
Procornitermes striatus and Termes saltans. Nasutitermes corniger has been reported
as an important urban pest a Corrientes, Argentina.

6. Chaco. The Chaco region, alarge extenson of xerophytic open forest of Balivia,
Paraguay and northern Argentina is expected to have a diverse termite fauna,

possibly with many endemic species. However, thereis virtudly no information on

its termite fauna, with only 17 species recorded. Species records show that its fauna
may be smilar to that of the Cerrado.

7. Other regions. Information about the termite fauna of other regionsisvery

limited. Forests of northeastern Colombia are connected to those of Panama, with
gmilar termite fauna. Forests of northern Venezuda seem dso to be smilar. Typica
species are Nasutitermes corniger, N. ephratae, Obtusitermes spp., Microcerotermes
exiguus and Heter otermes convexinotatus. Mounds are absent and the only visible
nests are those of arboreal Nasutitermes. The termite fauna of the LIanos (grasdand)
of Venezuela seems to be composed mainly of mound-building Nasutiter mes and

Vel ociter mes, which feed on grass-litter and may reach high dengities. The temperate
forests of southern Chile bear two endemic species. the dry-wood termite Neoter mes
chilensis and the damp-wood termite Porotermes quadricollis. Thereisonly one
termite record for Patagonia: Synhamitermes brevicorniger, at 42°34'S, whichisaso
the southernmost record of termitesin South America. Termites are absent in the
Atacama desert and mountain regions a high eevation.

In concluson, termites are abundant and diverse in South America, but there
isasariouslack of basic information about them. Nearly 150 species are till known
only from their origina taxonomic descriptions. The absence of a solid taxonomic
work isamgor impediment for sound biological and ecological sudies. The most
important taxonomic problems are the genus Nasutiter mes and the soldierless
termites (Apicotermitinae). Nasutitermes spp. are the most abundant termites in most
natura habitats and some species are also important structural and agricultura
pests. The Apicotermitinae, on the other hand, are among the most abundant
termitesin the soil, being important members of the decomposer fauna. Some of
them have aso been reported as agriculturd pests. Without proper taxonomy, it is
impossible to reliably store and retrieve information on biology, ecology and
economic importance of the various species. The number of termite specidigsin
South Americais very limited, and most countries have no Regulatory Agency Role
in termite control

21



Regulatory Agency Rolein Termite Control

Steven Dwindll, Assstant Director, Divison of Agriculturd Environmental
Services Florida Department of Agriculture and Consumer Services

Regulatory agencies (local, regiond, and nationd) perform two basic
functions relative to the control of termitesthat are structura pests. These arethe
assurance of proper use of pesticides used to control termites, and the assurance that
purchasers of structural protection receive the protection for which they have
contracted. In countries complying with provisons of the Persstent Organic
Pollutants (POPs) treaty, these regulatory functions can play an important rolein the
trangtion from the use of insecticides such as chlordane, heptachlor, etc. for control of
termites as structurd peststo dternative methods. The Southeastern United States,
which comprises aregion of ten states and gpproximately 60 million people, and
where structures have a high probability of termite damage, has undergone just such a
trangtion over the last deven years, from pre-1988 when chlordane and heptachlor
were the primary means of termite control.

Assurance of proper pesticide use includes regulation of pesticide applicator
safety provisons such as persond protective equipment (PPE), training of gpplicators,
and certification and verification of training. It also includes regulation of gpplication
procedures. In the Southeast United States, ensuring application of the proper amount
of insecticide has been a problem. Insecticides that replaced chlordane and heptachlor
are more expensive, and there is an economic incentive to gpply less than the
recommended amount. Costs for the most commonly used insecticides (chlorpyrifos,
permethrin, cypermethrin, imidocloprid) range from $0.09 to $0.35 per treated square
foot of foundation. Of 122 preventative trestments observed in Foridafrom March
1998 to June 1999, 34% were deficient gpplications (defined as less than 75% of the
required amount).

The regulatory agency plays an important role in making certain thet
consumers receive the protection againgt structural damage thet they pay for. In the
United States this takes the form of enforcing contract provisons and responding to
consumer complaints regarding failure to perform contracted services or to repair
damage that occurred after a contract guaranteed repair. Another important facet of
consumer protection is educating the builder community that structures must be built
to keep termites out. Construction practices that were acceptable when relying on
chlordane are no longer adequate when relying on less efficacious materids.
Practices such as terminating siding 6-8 inches above find grade, extending
overhangsto 12-24", diverting water lines and rain gutters, and avoiding wood to soil
contact are critically important in preventing termite damage. Use of wood treated
before use or after ingtdlation with disodium octaborate tetrahydrate (DOT) isdso
helpful as asecond line of defense in wooden structures. Building codes must o be
revised to ensure that poor practices are eiminated.

22



TERMITESASSTRUCTURAL PESTSIN NORTH AMERICA

Brian T. Forschler
Depatment of Entomology
Universty of Georgia
Athens, Georgia 30602 USA

Termites are consdered magjor economic insect pestsin North America. Inthe
United States done, most estimates place the annud monetary expenditures for
termite control and damage-repair costs a over 1 billion dollars (U.S). This
presentation will focus onfour criteriathat pertain to termites as pests. Those criteria
are the, species of termite, area of the continent (or habitat), building construction, and
control options. Badcdly, | believe atermite species gains pest status according to
the frequency and intensity of encounters resulting from that termite’ s pursuit of
sustenance and human society’ s didike for cohabitation with insects. To addressthe
topic of termites as Sructurd pestsin North Americal will briefly outline each of the
aforemerntioned criterionsin reference to conferring pest status to these smdl, cryptic,
eusocid insects,

|. Speciesand Distribution

By mogt estimates there are gpproximately 50, scientificaly recognized,
gpecies of termites in North Americathat are represented by four families, Termitidae,
Termopsidae, Kaotermitidae and Rhinotermitidee. The pest status of each of these
speciesis determined, in part, by their geographic distribution, food preference(s), and
colony gtructure.

The Termitidae include a dozen species dl found only in the southwestern
desert habitat. None of the speciesin the family Termitidae are consdered structura
pests because of their smal colony size and didtribution in areas unaffected by urban
development. A single genus, Zooter mopsis, represents the family Termopsidaein
North America. The Termopsidae inhabit areas west of the Rocky Mountains aong
the Pacific Coast and are dso not considered economic pests largely because of small
colony size and preference for moist, decayed wood. The third family,
Kalotermitidag, is represented by four generain North Americaand only two genera
contain species considered economically important structura pests, Cryptotermes and
Incisitermes because their food preference includes wood used in building and
furniture construction. Although these drywood termites are occasionally reported
from dl regions of North America, (aresult of human commercid transport) they are
congdered economic pests only dong the Pacific, Gulf of Mexico and south Atlantic
Coadtd areas where atmospheric humidity asssts maintaining the moisture conditions
they require. Thefourth family, Rhinotermitidag, is represented in North America by
three genera, Coptoter mes, Heterotermes, and Reticulitermes. Also caled
subterranean termites this group contains the most economicaly important termite
pests. The genus Heterotermes contains one, Coptoter mes two, and the
Reticulitermes six pest species that together are responsible for 90-95% of the annud
control and damage-repair costs mentioned earlier. These three generaare usudly
found in areas of urban expansion, display awide range in their food preference, lead
acryptic lifestyle, and have asocia structure that permits multiple reproductives and
coal escence of coloniesthat can result in populations numbering in the millions of
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individuals. The aforementioned subterranean termites, therefore, digolay many of the
qualities needed for pest satus.

Traditiondly, the potentia for termite infestation in different regions of North
American was attributed to the distribution of Rhinotermitid or Kaotermitid termites.
The coadtd digtribution of the Ka otermitidae was mentioned above. The distribution
of the Rhinotermitidae is continuos across the United States with some exceptionsin
mountainous or desert regions. The highest population dengties are found in the
southeastern states, as well as Californiaand Hawaii. Indicators of termite population
pressure are often gathered from the records kept by pest control firms (PCF's). The
records of one PCF with offices throughout North America indicate that phone calls
requesting termite services were highest in Cdiforniafollowed by Forida, Georgia
and Texas and that re-trestment rates were highest in Florida, Texas and Georgia,

respectively.

The northern digtribution of termitesin North America appears delimited by
urban development and human commercid traffic. Only two citiesin Canada are
known to support active subterranean termite (Reticulitermes) populations, Toronto
and Winnipeg. The Canadian termite populations highlight the transport into and
subsequent establishment of Rhinotermitid termites in non-endemic habitats. Another
reminder of the introduction and establishment of subterranean termite pestsin North
Americaare provided by an introduced subterranean termite Coptoter mes
formosanus. C. formosanus currently has established populationsin Cdifornia, South
Carolina, Georgia, Alabama, Mississippi, Tennessee, North Caroling, Florida,
Louisana, Hawaii and Texas.

1. Consgtruction Practices

One of the most important congderations in assgning pest datusto a
particular termite speciesis the construction practice(s) used in building a structure,
Any congtruction practice that provides termites with access to wooden structura, or
non-structura, components and that provides adequate moisture can incur and sustain
atermite infestation. Building congtruction practices in North America present
tremendous variability in materias and designs. It istherefore a topic too broad to
cover inthis brief overview of termite pest problems. In generd, single-family homes
usewood for al structural components whereas commercia and multi-family
dwellings employ sted and/or concrete.

Any termite technician working for a PCF can identify the three or four areas
where termites are likely to be found infesting a particular congtruction type. The
records of a PCF from Floridafor the last decade (1989-1999) show that most termite
problems occur in homes with dab construction (89%). Twenty-eight percent of the
termite clams, (settlements to pay for termite damage) mentioned in that PCF data-

s, occurred in bathrooms and adjacent bedrooms, which in dab construction would
have utility-access holes through the concrete dab foundation. The next highest
percentage (20%) was associated with garages/carports and porches/patios that would
have expansion or cold joints in association with the various concrete dabs used in

that congtruction practice. Therefore, approximately hdf of the termite infestations
encountered by thisfirm in Forida can be traced to congtruction elements that provide
acrack, crevice or break in the building foundation.
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The aforementioned figures will vary by region yet it gpopears that most termite
infestations are repeatedly associated with particular congtruction practices. Thisis
probably relates to the proclivity subterranean termites display for following physicd
and chemicd guidelinesin their search for food resources. A better understanding of
the mechanics of gallery congtruction and maintenance, as well asthe chemica
communication used by termitesin their search for food and subsequent recruitment
to an identified food resource would help illuminate those aspects of a particular
congtruction practice that predispose a building to infestation. This knowledge could
then be used to design and build structures that would be less prone to infestation by
Subterranean termites or, at least, provide ingpection of al structura componentsto
assg in directed gpplication of trestment options.

[11.Control Options

Urbanization and changing land- use patterns has increased encounters
between human and termite societies. Attempts to limit those encounters defines what
we cdl termite control. Termite contral is essentialy any attempt to disrupt the flow
of information termites use to locate and exploit food resources. An entire indudtry is
currently operating in North Americawhose sole purpose is reducing encounters
between termites and humans. Chemica-based exclusonary methods were the
maingtay of termite control for most of the lagt fifty years. Population management-
based contral tactics have recently been introduced and are changing the mindset of
the pest control industry.

The termite control industry in the United States is regulated by Federa
legidation outlining the gpprova process for registration and use of products. State
legidation can supersede but not reduce those requirements. States assume the
majority of the burden for oversight in enforcing industry compliance with most
legidative mandates. Canada has aamilarly rigorous regulatory climate. However,
regulation has not hindered development and implementation of new termite control
technologies. The termite control industry in North America has more options for
detection, trestment tactics, chemigtries, formulations, and application technologies
today than at any other timein the past 50 years. The trestment tactics used would
indude:
- termite resstant building materids

wood treated prior to construction

physica barriers

chemidtries for soil trestment

chemigtries for wood trestment within existing structures

fumigation

baits

Within each of the aforementioned contral tactics, the number of registered
products change, often from year to year, and existing tactics are continudly refined
by innovations in equipment, application techniques and detection technologies. The
following list of technologies registered for termite control should be considered
partia but is provided to give the reader some background information on current
registrations and treatment use patterns. Formulations vary from wettable powders,
water-digoersble granules, emulsfiable concentrates, flowables, fumigants, and bait.
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Dusg formulations are not used for termite control in North America. There are one
organophosphate (chlorpyrifos), three synthetic pyrethroids (cypermethrin,
permethrin, deltamethrin, cyfluthrin, fenvaerate), one phenyl pyrozole (fipronil), and
one nitromethylene (imidacloprid) insecticide registered for gpplication to soil or for
wood injection into infested lumber. Application techniques for soil trestments and
wood injection include trenching and/or rodding with liquids or foam. There are two
fumigants (methyl bromide and sulfuryl fluoride), severa chemidries for wood
treatment prior to congtruction (CCA and DOT), severd physica barriers (crushed
rock, steel mesh and insecticide-impregnated plastic), and at least three bait active
ingredients (diflubenzuron, hexaflumuron and sulfluramid) currently registered.

Of the structure-based control tactics, fumigation is used, principdly, aganst
drywood termite infestations. Fumigations are, occasondly, conducted against
Coptoter mes to affect above ground carton nests and their attendant termite
populations but fumigation is not used againg soil-borne termite populations.

Physica barriers are most often employed as a pre-congtruction, exclusionary control
tactic athough occasond retrofitting is attempted. Wood trestments can be applied
before, during or after congtruction as a preventative trestment. The former isusudly
accomplished as pressure treated lumber and the latter two by surface application.
Injection of wood or wal voids with insecticides is gaining popularity within the pest
control industry for control of active termite infetations. Bait gpplications can dso
be structure-based but are currently used only at the dite of active infestations insde
structures, not incorporated into construction eements.

Soil-basad treatment tactics would include soil-insecticide treatments and baits.
Both are used to remove (remedid trestment) and/or prevent (preventative trestment)
infestation. ‘Whole-house treatments’ are the regulatory standard for remedia and
preventative soil-based treatments. Thisis defined for soil insecticides as drenching
the soil surrounding dl foundation eements with at labe-mandated application rates,
in addition to ‘critical areas such as utility access points through a dab foundation.
Likewise, with baits, termite detection devices are usudly placed around the entire
perimeter of the structure, again following label directions.

A detalled summary of dl the available control options, chemistries and
equipment is beyond the scope of this outline yet it is should be noted that the termite
control community in North Americais adynamic entity involving scientists,
regulators, manufacturers, pest control operators and property owners. In addition, it
isimportant to realize that termite control is aprocess - not an event. The process of
termite control requires an ongoing ingpection program to detect termites, assess risk
and recommend and implement additiona or continue contral tactics. Devel opment
of detection devices that would enable the pest control technician to observe termite
activity without disturbance to the termite population or damage to the structure
would smplify termite control attempts. In addition, understanding the behavior of
termites in response to a particular control measure isimportant in predicting, with a
reasonable degree of certainty, the probability of consstent control, aswell as
highlight the best application technique for each control tactic.
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V. The Future

My wish lig for the future of termite control in North Americawould include
incressed implementation of directed gpplication and, when necessary, use of multiple
control tactics. Thiswould require choosing a set or series of tactics based on the site-
specific characterigtics present and directing application of control tactics rather than
the current practice of “whole-housg’ trestment. Following identification of Site
characters conducive to termite infestation, recommendations would be made
regarding the most practica and affordable treetment option(s). Inclusion of
architects and buildersin the termite control community is being encouraged and
should increase. Condtruction practices that incorporate design details with regard to
prevention of infestations or thet provides inspectionports of potentia termite entry
pointswill asss in timey detection and implementation of directed gpplication of
control methodologies. There aso will be new detection technologies that will enable
the termite control professona to more accurately locate infestations, and/or termite
populations that present a threet to infestation, without destructive sampling, and
dlow directed placement of trestment options. Findly, implementation of control
tactics will account for the biology and behavior of atargeted pest species and
identify ‘wesk-links' that exploit termite life history and provide environmentaly
sound management practices. Therefore, | believe the termite control industry in
North Americawill eventudly develop termite popul ation management strategies and
structurd protection methodologies that could alow cohabitation between termite and
human societies.

27



What Doesthe Biological Species Concept Mean for Ter mites?

Michad 1. Haverty, Pacific Southwest Research Station
Forest Service, USDA, Albany, Cdifornia, USA.

There are gpproximately 2200 species of termites recognized worldwide.
Many definitions of “species’ have been proposed, but the one used must accurately
characterize the concept or object of discussion, and be correctly applied. At first,
species were named categories to which early biologists assigned specimens, largely
on the basis of appearance. They held a“Typologicd” or “Essentidist” notion of
gpecies. Individuaswere members of a given speciesif they sufficiently conformed
to that “type,” or ided, in certain characters that were “essential” fixed properties.
The typologica concept of species was based on morphologica characteristics, yet
contained another criterion, common descent. This concept |ed to the idea that
organisms are the same speciesif they can produce fertile offspring, and are different
speciesif they cannot. It caused biologists to recognize that morphologically
different individuds may well be members of the same species. The abundance of
variation within and among populations, together with the adoption of Darwin's
view that dl characterigtics can vary and evolve, eventualy led to the abandonment
of the typological species concept. Also abandoned was the concept that species
could be defined by degree of morphologicd difference.

A new concept of species evolved: the Biologica Species Concept (BSC).
Mayr defined the BSC in 1942 as Groups of actualy or potentidly interbreeding
populations, which are reproductively isolated from other such groups. The BSC
cannot be applied to entirely asexua organisms. The definition is phrased in terms
of populations, not individuas. The criterion is gene exchange among populations
in nature, not fertility or serility. Clearly this attribute could not have been used in
the 18th century because there was no knowledge of genes and genetics. The BSC
refersto actudly or potentidly interbreeding populations. There have been severd
recent, alternative definitions of gpecies that emphasize phylogenetic higtory, not the
present properties of organisms (such as gene exchange) or their hypothetical future.
However, the biological species concept is still more widely used, and most
biologists continue to use the biologica species concept to define species.

The problem of how species multiply could not be solved until it was
understood that the evolution of reproductive discontinuity is the key event. The
buildup of loca diverdity depends largely on the existence of reproductive isolation.
Interbreeding vs. reproductive isolation is not an either/or, al-or-nothing digtinction.
Graded levels of gene exchange exist among some pargpatric populations, and
sometimes between sympatric populations. Narrow hybrid zones are geographic areas
in which geneticaly distinct populations meet and interbreed to alimited extent.
Symypatric hybridization occurs when partid, but not completely free, interbreeding
occurs between populations that are rather broadly sympatric. Human dteration of
habitat has been implicated in many cases of sympatric hybridization.

The greatest practica limitation of the BSC surdly liesin determining whether
or not alopatric populations belong to the same species, because gpplication of the
BSC requires us to assess whether or not they would potentialy interbreed. Thereis
no smple way to judge whether alopatric populations are congpecific. The most
common criterion for classfying dlopatric populations as different species has been
the existence of morphologica or other phenotypic differences that are as great as
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those usudly displayed by other speciesin the same genus that are sympatric. These
phenotypic differences could be morphologicd, chemica, behaviord, ecologicd, or
even genetic.

According to the biological species concept, populations or groups of
populations are different pecies if gene flow between them is mogtly or entirely
prevented by biological differences: reproductive barriers or barriers to gene flow.
Thus speciation congsts of the evolution of biologica barriersto geneflow. These
biologica barriers can be divided into prezygotic and postzygotic barriers.
Prezygotic barriers include tempord isolation, habitat or resource isolation,
ethologica isolaion, mechanicd isolation, and gametic incompetibility. Postzygotic
barriersinclude hybrid inviability, hybrid sterility, and reduced fertility in F2
populations or backcrosses.

In addition to features that affect reproductive isolation, related species also
display presumably nonadaptive features. Assuming that many or most species are
formed by genetic divergence of geographicaly segregated populations, both kinds
of differences, those that contribute to reproductive isolation and those that do not,
accumulate before, during and after speciation. Allde frequencies are most Smilar
among conspecific populations and least Imilar anong nonsbling species. Thereis
subgtantial evidence that “genetic distance” increasesfairly linearly with the time
since gene flow between populations was curtailed

Biologica species are defined as reproductively isolated populations, but
diagnosing speciesin practice is seldom done by directly testing their propendty to
interbreed. Species are not defined by their degree of phenotypic difference, yet
phenotypic characters are the usua evidence used for diagnosing species. Thisis not
a contradiction, because morphologica and other phenotypic characters, judicioudy
interpreted, can serve as markers for reproductive isolation among sympatric
populations. Thereis a complete difference between basing one' s species concept on
morphology and using morphologica evidence as inference for the application of the
biological species concept.

If we were to sample termites from asingle locdity, and we found that a
particular feature shows two digtinct states, but no intermediates, we might suspect
that the sample contains two species. Still, this might be asmple sngle-locus
polymorphism of asingle species. If however, the two morphs differ in anumber of
other features so that each feature is bimodally distributed, and the characters are
correlated, our suspicion that these are two species grows stronger as the number of
such digtinguishing features increases. Morphologica digtinctivenessis agood, but
not infalible, indicator of separate species. Sibling pecies may remain undetected
unless alozymes, molecular markers, or other phenotypic characteritics are studied.

If we were to begin basic or gpplied studies of termites, we would likely begin
by consulting a source that lists the species in the geographic area of interest. These
sources generdly have keysto the species for both the imago (aate) and soldier
castes. These keys are usudly based on morphologica characters such as shape,
position, measurement(s), or even color of various structures. Many of these lists
and keys are based on explorations or surveys that were conducted in the beginning
of the 20th century. These early species determinations and keysto species were
developed when the predominant concept governing taxonomic work was the
Typologica Species Concept. Theideas of gene flow and reproductive isolation were
not considered. Specimens were sorted and grouped on the basis of morphology.

We are often frudtrated by our inability to identify the termiteswe are

Sudying.
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Morphology of soldiers and datesis quite variable. Keys based on these features
often provide equivoca determinations. Alternative phenotypic and genotypic
characters are now being used to sort termites we are sudying. One technique that
is gaining acceptance isthe use of cuticular hydrocarbon mixtures as taxonomic
characters. Lending credibility to this technique is the correlation of these
hydrocarbons with other phenotypic and genotypic features. Papers are beginning
to appear in the literature in which the authors are sorting termite collections on the
basis of ther cuticular hydrocarbon mixtures, then examining these sorted groups to
look for morphological features that can be used to make species identifications.

We have been studying the cuticular hydrocarbon mixtures of Reticulitermes
in throughout much of the United States. To date, we have found what we think are
27 digtinct phenotypes. These phenotypesfall into 3 main groups or lineages. those
with abundant internaly branched methyl akanes, those with abundant 5-methyl or
5,17-dimethylakanes, and those with an abundance of unsaturated compounds.
There are 8 phenotypesin the first group, 8 in the second, and 11 in the third.
Corrdation of cuticular hydrocarbon (CHC) phenotypes with genotypes