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Preface

Hugo Hartnac, Arnold Mallis, James R. Busvine, Walter
Ebeling, John Gerozisis, Phillip Hadington, Kazuo Yasutomi,
and Kenji Umeya.

In their time and in their part of the world, these entomol-
ogists brought together in textbooks and handbooks infor-
mation on the biology and control of household, structural,
and public health pests. Their efforts to collect and summa-
rize these data, and to provide their observations and practical
experience on insects and other arthropods, have served ento-
mologists and pest control professionals around the world,
and are sincerely appreciated.

The goal of this book was to build on the foundation
provided by these authors, then to expand the format and
provide international coverage. The discipline of urban ento-
mology is changing; it has grown from research and infor-
mation exchange on a regional basis to international research
and cooperation on pests. The modern student and research
entomologist needs access to information and a basic under-
standing of a variety of insects and other arthropods, since dis-
tribution and pest status are much less static features of pest
species. The objective of this text is to provide a concise and
usable reference text on urban and public health insects and
other arthropods around the world. In part, this is a global
census. Listed here are the invertebrates known to occur,
regardless of pest status, in domestic and peridomestic habi-
tats in the urban environment. It provides a boundary for the
discipline of urban entomology, and shows the overlap with
public health and medical entomology, and stored-food ento-
mology, and the arthropods considered a part of ornamental
and turfgrass entomology.

All authors know the limitations of their work. We all know
very well where and to what extent our product strayed or failed
from the original intent, and what more time and talent would
have done for the finished product. That s certainly true for this
book. I intended to provide international coverage, including
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viii

peridomestic and domestic habitats, rural and urban location,
and across the boundary of pest, nuisance, and occasional
invader. I have certainly missed species or included some of
limited importance; for some I failed to find biological data,
or the data presented are incomplete, or worse. There are no
excuses for the failings, but I resolve to improve what is here
with the help of those using this bookas aresource. Urban ento-
mology and professional pest control can grow from shared
knowledge and experience, and this work can benefit from
such cooperation.

This text was prepared and organized in the format of a
resource book, and a primary consideration was given to utility.
The alphabetical arrangement of the orders (for the most part),
families, and species used here removes phylogenetic relation-
ships, and often sets apartrelated or natural taxonomic groups.
The format may be very useful for some users, and may seem
near-heresy for others —Iapologize to the latter. There are other
features that may cause problems. This text was not intended
or written to be an organized whole that would be read from
beginning to end. Rather it is a source book for the retrieval of
information and perhaps a helpful illustration; there is some
level of repetition. Morphological and biological information
on groups and individual species is presented with key words
(such as egg, larva, adult) as guides, with the minimum use of
headings and bold type. Included are common or vernacular
names for some household pests that occur around the world,
and there are other names that are used regionally, locally, and
sometimes only temporarily. When common names were avail-
able and appropriate, they were included; I may have missed
some.

For some pest species or groups, we know perhaps too
much. The pure weight of the published facts is daunting. In
some groups the depth and volume of information can impede
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attempts to arrange and present it in a useful and meaning-
ful manner. It becomes a decision of at what level to stop and
defer to the published information. The published data on ter-
mites, ants, and some species of cockroaches are large, and
would be overwhelming without the help and order provided
by the authors of bibliographies, books, and subject-matter
reviews. Those individuals have provided a great service to this
discipline. The reference literature provided here relies on the
works that have collected and cataloged scientific papers, and
reviewed urban pest concepts.

Control methods and materials are not included with the
biological information or in the bibliography. This is often
a subjective topic and to cover properly, it must be accom-
panied by a large amount of published data. Chemical con-
trol methods and application equipment are becoming more
standardized around the world as manufacturers adopt a
global approach to pest management. However, this aspect
of urban and public health entomology will always be more
dynamic than static, and difficult to put between the covers of a
book.

This book could not have been prepared without the inves-
tigations, research, and careful observations of pest control
professionals, urban entomologists, their students, and tech-
nicians around the world. At the local or regional level these
entomologists collected and published data on the arthropods
thatareasmalland large partofthe urban ecosystem. This book
is a collective of those published works. I sincerely appreciate
their work and have attempted to share it with other profes-
sionals in urban entomology. The majority of the illustrations
used here were adapted from various US Department of Agri-
culture publications. Urban entomologists around the world
have provided help with illustrations and translations, and I
greatly appreciate their contributions.
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Introduction

The urban environment is a complex of habitats developed by
humans from natural sites or agricultural land. Houses, vil-
lages, towns, cities, buildings, roads, and other features that
characterize the urban environmenthave gradually and irrecov-
erably changed the landscape of natural and agricultural areas.
As a part of this change, some habitats and their associated
plant and animal communities were eliminated, while others
were expanded and new ones were created. Many of the new
habitats were intentional — parks, waterways, street trees, turf-
grass, food stores — but some were consequential — stand-
ing water in roadside ditches, garbage and landfill sites near
residential neighborhoods, the underground sewer and storm
drain network in urban and suburban areas. They all provided
habitats for a select group of insects and other arthropods,
some of which attained pest status.

Local conditions, climate, and available resources determine
the distribution of some arthropods in the urban environment,
and for some species their abundance is limited. Other species
are broadly adapted to the resources and harborages in and
around buildings, and these are cosmopolitan in their distri-
bution and peststatus. Stable habitats with resources and con-
ditions suitable for long-term survival support reservoir popu-
lations of pest species, and from these habitats individuals or
groups move or are transported to establish infestations in
unstable or temporary habitats.

Peridomestic and domestic habitats

Within and around buildings, houses, and other urban
structures are habitats that support individuals or popula-
tions of plants and animals. Peridomestic habitats are out-
side, around the perimeter of structures. They include the
external surfaces of buildings, the ornamental trees, shrubs,
and turfgrass that characterize the urban and suburban
landscape. Domestic habitats are indoors, and include the
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plant- and animal-based materials in this controlled,
anthropogenic environment.

Peridomestic

Harborage substrates, food resources, and environmental con-
ditions of urban landscapes around theworld generally support
a large number of different species, if not individual species in
large numbers. The soil-inhabiting and -nesting arthropods in
this environment include ants that forage indoors and termites
that damage structural wood, ground-nest bees and wasps,
and occasional or nuisance pests such as clover mites, milli-
pedes, centipedes, and springtails. Plant-feeding insects uti-
lize the cultivated urban and suburban trees and shrubs, and
many are aesthetic pests. Blood-feeding mites (chiggers), ticks,
mosquitoes and other biting flies are associated with domes-
tic and feral vertebrates. Species utilizing building surfaces or
perimeter substrates include the umbrella wasps, hornets, yel-
lowjackets, spiders, and scorpions. Underground sewer and
storm drainage pipes provide some cockroach and rodent
species access to urban and suburban neighborhoods. The
garbage disposal network of collection, sorting, and landfill
provide harborage and food for cockroaches, flies, rodents,
and pest birds.

Reservoir populations for many of the pest species estab-
lished in peridomestic habitats are in nearby natural or undis-
turbed areas. Woodland tracts and other small or large patches
of greenspace can support populations of biting flies, wasps
and hornets, ticks, and spiders. Here are the populations that
provide the individuals or groups that establish or replenish
infestations in less stable habitats, or re-establish populations
lost to habitat destruction.

Domestic
Environmental conditions indoors are generally stable, and the
harborages and food resources are somewhat limited. There



may be few species, but those adapted to specialized resources
often occur in large numbers. Stored food, including packaged
whole food and vegetables, organic fabrics, and other materi-
als are the most common harborages and food resources in the
domestic habitat. Directly or indirectly associated with these
are dermestid beetles, flour beetles and moths, flies, and cock-
roaches. The global distribution of domestic products and sim-
ilar storage environments across cultures has contributed to the
cosmopolitan pest status of many of these insects, in both resi-
dential and commercial sites. Blood- and skin-feeding species
that breed indoors are limited, but lice, fleas, bed bugs, and
mites are medically important pests for more than one socio-
economic level of society. Insects and other arthropods in the
living space are nuisance pests when they are few and their
presence brief, but are not tolerated when they pose a health
threat or persist in large numbers.

Natural habitats and populations for some domestic species,
especially those infesting stored food, have been lost. Only
populations in the urban environment represent many of these
species, or they survive only through their link to humans (bed
bugs, lice). Other indoor pests have reservoir populations in
peridomestic and natural areas. Many of the common species
occur in the nests of bird and rodents and from there have
access to indoor habitats.

Pest status and control

In the agroecosystem, pest status and the decision to apply
control measures for arthropods are based primarily on eco-
nomics. Pests can be measured by their damage and reduction
in animal weight or crop yield, and controls are applied to pre-
vent or minimize predictable loss. Pest status for insects and
other arthropods in the urban environment may or may not be
based onameasurable feature. The damage caused to structural
wood by termites or other wood-infesting insects can be mea-
sured, and the control and repair costs determined. The health
threat or medical importance, such as from stinging insects,
can be measured by medical costs. A decision to apply control
measures may be based on potential damage or personal injury,
or solely or in part on emotion. The control decision is no less
appropriate when it is based on emotion. Arthropods in the
living space are generally unwanted and unwelcome, whether
their numbers are few or many.

Pest status is generally based on persistence or recurrence of
an arthropod indoors or outdoors, due to the failure of control
methods, or the ability to reinfest from reservoir populations.
The persistence of many species in the urban environment is
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based on a network of reservoir populations, from which indi-
viduals or groups move to infest or reinfest domestic or peri-
domestic habitats. Undisturbed woodlands may support popu-
lations of yellowjackets, subterranean termites, and carpenter
ants, and serve as a reservoir for colonies and infestations in
adjacent and distant residential areas. Sewer pipes often pro-
vide conditions suitable for American cockroach populations,
and from this habit, adults and nymphs infest and reinfest
buildings.

For pest control or management programs to be success-
ful, reservoir populations and habitats must be identified and
reduced. The only functional reservoir populations for some
peridomestic and domestic species are in secondary habitats
in the urban environment. Pests whose abundance is based
on the limited availability of artificial habitats and resources
are vulnerable to effective chemical and nonchemical control
methods, and may be eliminated.

Pest dispersal and distribution

International transportation, economic exchange, and glo-
balization have brought a degree of uniformity to the urban
area around the world, and increased the movement and
exchange ofarthropods. The majority of household and stored-
food pests, including fruit flies, cockroaches, flour beetles,
moths, and mites, have moved with infested commercial
goods and now have cosmopolitan distribution. Peridomes-
tic mosquitoes, subterranean termites, and wood-infesting
beetles share the same potential for widespread distribution.
Current distribution records for many household and struc-
tural pests are subject to change with increased movement of
people and materials around the world.

Information on pestidentification, biology, and habits, com-
piled on an international basis, is appropriate for the urban
environment. A global census indicates thatnearly 2300 insects
and other arthropods have some level of pest status around
the world. Some are only occasional invaders of houses and
other buildings, some are closely associated with the foods,
fabrics, and other aspects of dwellings, and others are linked
to plants and animals in domestic and peridomestic habitats.
Many of these species are capable of adapting to the soil con-
ditions, climate, and building construction in other regions
of the world, and becoming established in pest populations.
Regional conditions may alter some behaviors, but morpho-
logical features and the basic life cycle will remain unchanged,
and control strategies are usually transferable from region to
region.



Bibliography

Urbanization

The quality of life for most people in the future will be deter-
mined by the quality of cities. In 1950, 60% of the world’s popu-
lation lived in villages and small towns in countryside. By the
year 2030, 60% of theworld’s people will be living in metropoli-
tan areas anchored by a large city. Those cities will be bigger
than ever and dominate the landscape: most of these cities will
be in developing countries. Explosive growth in urban popu-
lations and the steady stream of migration of people from the
countryside put great strains on city services and the quality of
life. The housing, health care, water, and sanitation systems
must keep pace with the growth, and the threat of disease.
Despite the conditions, migration to cities continues, and that
is good news. Cities provide development and growth, and
generally a better life than in rural areas. The future of many
developed countries is linked to their cities. Urban growth is
inevitable: the challenge is how to address the consequences
and improve the quality oflife from city center to the unplanned
housing at the perimeter of the metropolis.

Insects and other arthropods that carry and transmit disease
organisms present a threat to the cities and densely populated
urban areas of the world. In these areas, crowded living condi-
tions and poor sanitation support vector populations, and the
concentration of human hosts can maintain common diseases
and rapidly spread new ones. Pest management and control
strategies will be based on pest identification and life-cycle
information, an understanding of reservoir habitats, and effec-
tive chemical and nonchemical control materials.
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Introduction

Major ecosystems can be broadly classified as natural, agricul-
tural, and urban. Natural ecosystems are primitive sites where
the interacting plant and animal communities have not been
altered by human activity. There are few, if any, of these in
the world today, and a more practical definition of natural
ecosystems might be undisturbed habitats that have had lim-
ited humaninfluence, and retain a portion of their original flora
and fauna. An important feature of these habitats is the popu-
lations of native plants and animals. These are the reservoir
populations of many species that have adapted to agricultural
and urban conditions. Agricultural and urban ecosystems are
defined by their use and the degree to which their biotic and
abiotic features have been altered by human activity. These
ecosystems contain few of the features that characterize their
natural origins; many of the features were built or brought
there, or designed by humans. The degree of change and land
use can be used to subdivide these two cultural ecosystems.

Agroecosystem A is the least developed form of agriculture.
It consists of small farms with a mix of domesticated animals
and crop plants; it is generally expected to provide food and
fiber for family groups or communities. Agroecosystem B is
the most developed form of agriculture. It is characterized as
mechanized farming of a single crop (soybeans, maize, wheat)
or single-animal species (swine, cattle, poultry). Modern defi-
nitions of this ecosystem would include use of genetically
improved or engineered crops.

The term urban is often used synonymously with city, but
when used in the context of the urban environment it extends
to plant and animal communities in cities and surrounding
suburbs. There is a continuum of inhabited sites and human
activity from the primitive farmhouse to metropolitan office
building, and the division between urban, suburban, and rural
is indistinct. The urban environment has levels of modification
and changes in the physical landscape and biotic communities
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The urban ecosystem

similar to those found in the agricultural ecosystem. Urban-
ecosystem A is the rural-suburban landscape, and includes
natural and undisturbed sites, such as small wood lots or agri-
cultural fields. Urban-ecosystem B is the cityscape of com-
mercial and residential neighborhoods, with a limited amount
of planned greenspace and undisturbed areas. As in agricul-
ture, these divisions are based on human interaction and inter-
vention with the landscape and associated plant and animal
communities.

Urban ecosystems

Development of what is known as suburbia began in the 1800s
with people from the upper and middle classes moving to the
perimeter of the industrial cities. The crowded living and poor
sanitary conditions in the early cities was an incentive to move to
the rural conditions of the periphery. Movement to the suburbs
continued in the 1920s and 1930s, and it increased worldwide
after 1945 with improvements in transportation and highways
systems. By the 1960s, major cities in the industrial countries
had a distinct suburban perimeter (urban-ecosystem A), and
a commercial core (urban-ecosystem B). Urbanization contin-
ues around the world through urban sprawl; this is a process
in which the suburban residential and commercial land use
spreads into peripheral farmland and natural areas. The out-
ward spread and fusing-together of adjacent towns has led in
many places to the formation of conurbations. The traditional
concept of the city as a clearly defined entity has given way
to terms that better describe its size, such as megalopolis, or
ecumenopolis.

The outlines of such large urban areas can be discerned in
the Great Lakes area and the northeastern seaboard of the USA,
along the highways and transportation systems that link Tokyo
and Osaka, Japan, and in Europe, in the zone of intense urban
development that extends from London through Rotterdam to
the Ruhr in Germany.



Urban ecosystems

Urban-ecosystem A is typically 60% greenspace and 40%
builtlandscape, and has arange of soil types, drainage systems,
ground cover, and plant and animal species. It is a mix of land
use: undisturbed areas, planned and unplanned greenspace,
and commercial and residential buildings. Greenspace varies
in size and use, and includes golf courses, tracts of recreation
and parkland, lakes, and waterways, and the ornamental
shrubs, trees, and turfgrass associated with the gardens and
yards of residential housing. Undisturbed areas may be plots
of trees or secondary vegetation on land bordering residential
or commercial sites. The interface of suburbia with small-
scale agriculture may be abrupt and with little space (often
aroadway) between them. The spread of suburbia often brings
residential areas close to established livestock and poultry
farms, landfills for household waste, dumps for automo-
bile tires, or industrial refuse sites. These operations have
insects and other animals that become pests in adjacent
areas. Interface with the city may be a gradual decrease in
greenspace and increase in residential and commercial built
areas.

Atthe periphery of cities in developing countries are zones of
dense, unplanned, and impoverished housing. These shanty-
towns vary from country to country, but they are an established
feature of major cities, and represent 20—30% of the new urban
housing in the world. Most new housing in developing coun-
tries is built on unclaimed land by squatters, without consid-
eration for local or government regulations. This housing is
considered the septic fringe; it is composed of crowded condi-
tions, substandard housing, and with limited access to clean
water and waste removal. Here are habitats suitable for popu-
lations of vertebrate and invertebrate disease vectors with a
flight and foraging range to bring them into contact with a
large portion of the city’s population.

Suburbia is composed of planned communities and struc-
tured greenspace; some of these peripheral areas are consid-
ered the affluent fringe. Houses and other buildings are sur-
rounded by ornamental shrubs, trees, and turfgrass, and the
landscape includes flower gardens, and in some neighbor-
hoods there may be water fountains and swimming pools. As
in the septic fringe, there are habitats in the affluent fringe
suitable for insect vectors of disease, and successful popula-
tions of rodents and wildlife species. Planned developmentand
improved living conditions often mean reduced diligence and
less compliance with insect control programs. In these neigh-
borhoods there may be more rather than fewer breeding sites
for pests, such as mosquitoes, black flies, wasps, and beetles.
The mix of vegetation and the availability of food and harborage

often provide an abundance of vertebrate hosts and arthropod
vectors of pathogenic organisms.

Urban-ecosystem B is the most developed ecosystem, with
about 60% of the surface area consisting of hard-surface
and built structures. It is the built landscape of the city and
characterized by an uneven distribution of exposed soil and
sparse vegetation. It is dominated by the hard surfaces of
roads, sidewalks, parkinglots, and permanentstructures. Here
the land surface has been radically altered, and the existing
plants and animals selected and maintained by human activity.
This ecosystem typically interfaces with a suburban landscape.
The mixed-density landscape of houses, low- and high-rise
residential buildings, and single-family homes at the edge
of a metropolis is sometimes considered semiurban or the
inner suburbs; perhaps it is a transition zone between urban-
ecosystems A and B.

Agriculture interface

The urban interface with agriculture often occurs when subur-
ban sprawl, bringing with it residential and commercial land
use, is developed close to animal farms. Dairy cattle, livestock
(swine and beef), and poultry operations are often encroached
upon as the suburban ring of cities spreads. The flies typi-
cally associated with the manure at these operations can dis-
perse several kilometers and create a nuisance during nearly all
months of the year. Dairy cattle herds may have 50—200 cows; in
temperate regions theyare housed in barns or buildings for part
of the year; in warm regions they are outside most of the time.
Poultry egg production is usually in 100 0oo-bird buildings in
groups of 10 or more, and they function year-round. Manure
produced at these operations can support large populations of
house fly (Musca domestica) and stable fly (Stomoxys calcitrans),
and in some regions M. sorbens. An average 1.8-kg laying hen
produces about 113 g of wet manure daily; this is 11 300 kg per
day or 4139 metric tons per year for each 100 ooo-bird poultry
building. Feedlots may have 1000—-3500 cattle at one time, and
each feedlot cow produces about 23 ooo g of wet manure daily.
Stable fly and house fly maggots require about 2 g of manure
to complete development, thus the potential for livestock and
poultry operations to produce flies and problems is significant.
Other feedlot operations, such as those for turkey and chicken
production, have accumulations of manure. Accompanying the
accumulation of animal and poultry manure is a concentrated
manure odor, and this is also a nuisance during most of the
year. Adult flies can travel 20 km or more from breeding sites,
or be carried by prevailing winds to nonfarm sites and be a
nuisance and sometimes a health hazard. In some countries,



right-to-farm laws provide some protection to farmers, but fly
control is an important feature of modern agriculture.

Othersites in oraround urban areas may have accumulations
of animal dung and associated flies feeding on this resource.
Zoos, kennels for dogs and cats, stables for riding horses, and
large recreation theme parks have large animals, and manure
disposal at these sites can be difficult since it may not be easily
spread on adjacent farmland. Fly populations at these sites
may be seasonal in temperate regions, but small numbers of
adults will be present during winter months. Other insects are
associated with the manure and the fly populations, including
yellowjackets, carabids, and dung beetles.

Natural area interface

The urban interface with undisturbed or natural areas occurs
when suburban sprawl brings residential housing develop-
ments close to or at the edge of land set aside or preserved as
a natural site. Wilderness or relatively undisturbed areas may
provide reservoir populations for domestic and peridomestic
pest species, including yellowjackets and carpenter bees, car-
penter ants, subterranean termites, and some species of ticks
and mites (chiggers). Large- and small-animal populations
would increase the potential of arthropod-borne diseases, such
as Lymedisease, Rocky Mountain spotted fever, WestNilevirus,
and plague.

Many mountainous orwilderness areas used forrecreationin
the western USA contain large populations of plague-positive
rodents. A large number of plague cases in the USA have
been contracted during recreational pursuits, or in suburban
areas adjacent to wilderness land. Increased urban growth has
resulted in large numbers of people living in or near areas
with rodent populations that harbor plague. The peridomestic
habitats created in residential neighborhoods provide harbor-
age and food for adaptable rodent species, such as ground
squirrels and rock squirrels, chipmunks, and prairie dogs.
These species have increased in density, and their fleas are effi-
cient vectors of plague to humans and other animals, such as
domestic cats. Most cats acquire plague by ingesting infected
rodents, and they spread plague by a scratch or bite, or by
aerosolized droplets in the case of pneumonic plague. The
number of confirmed cases of plague in the USA directly trans-
mitted by domestic cats is increasing, and is usually associated
with residential areas.

Urban habitats

The structural complexity of cities includes features that pro-
vide harborage and food for arthropods and other animals.

The urban ecosystem

Parks, recreation areas, and other greenspace have natural
habitats for vertebrates and invertebrates; the system of storm
water and sewer pipes provides artificial habitats for other ani-
mals. Garbage collection points and landfills are consistent
features of urban environments around the world, and these
sites provide habitats for arthropods, rodents, and pest birds.
Livestock agriculture in the form of poultry egg and meat pro-
duction, feedlots for swine, and beef cattle often interface with
residential and commercial land.

parks, greenspace, and gardens

Many cities have been designed to include space for large and
small parks, peripheral green belts, or forested areas along
small streams and rivers. These areas break the monotony of
residential and commercial buildings, influence local tempera-
ture and humidity, and provide neighborhoods with an open
recreation site. Early in the development of cities in the USA
and Europe large tracts of land were set aside for parks: New
York’s Central and Prospect Park, and Hyde Park in London
are examples of this planned and dedicated space. Once estab-
lished and integrated into the landscape and seasonal activities,
they become an important part of the urban environment.

Cities can have two classes of open areas or greenspace: those
that have been intentionally established as parks or recreation
plots, and the unplanned sites of vacant lots and roadways.
In the former, the diversity of plants and animals may be lim-
ited, and these sites are somewhat influenced by use patterns
of people and domestic pets. Vacant lots, backyards, roadway
median strips, and the rights-of-way of railroads and other
roads may have a great variety of plants and animals. Modern
highway and expressway systems that enter or circle urban
areas often have broad medians and shoulders, and these may
be planted with turfgrass, wildflowers, trees and shrubs. These
narrow strips of land often have a large and diverse invertebrate
fauna.

Accompanying the recent phenomenon of urban sprawl and
expanding suburbs has been the increase in household flower
gardens. Despite the conditions of urban high-rise buildings
and a concrete and asphalt substrate, urban gardens are flour-
ishing in many regions. Although gardens have been a fea-
ture in European cities since the 1760s, the availability of pot-
ted plants and exotic species have made it a personal pastime
with psychological and economic benefits. An urban or sub-
urban landscape of trees, shrubs, or flowers adds economic
value to property: in some cases an increase of 12—30% can
be achieved. However, the widespread popularity of house-
hold and public gardens can also be accompanied by some
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health hazards. Whether native or exotic plant species are used,
urban gardens may provide food, habitat, or harborage for
invertebrate disease-vectors and their vertebrate hosts. Urban
wildlife, such as rabbits (Sylvilagus), deer (Odocoileus), chip-
munks (Tamias), mice (Peromyscus), and voles (Microtus), feed
on avariety of garden plants and seeds, and populations often
become large and difficult to control or even manage. Their
peststatusis based on damage to garden plants, nesting habits,
and serving as hosts for ticks and other blood-sucking insect
vectors. Increases in Lyme disease and Rocky Mountain spot-
ted fever in eastern USA may be attributed to deer and rabbit
populations.

Sanitary sewers and storm sewers

An essential urban infrastructure is the network of under-
ground pipes that remove waste water from toilets and
kitchens, and storm water runoff. Many of the urban sewers
and storm drains constructed in the 1700s and 1800s are still in
use, and in some cities they have been extended or connected
to recently developed networks. This elaborate drainage sys-
tem is hidden from view, and perhaps from the realization that
it often provides food and harborage for mosquitoes, cock-
roaches, rats, and other invertebrate and vertebrate pests. The
availability of resources and uniform environmental conditions
often results in year-round pest populations in these under-
ground pipes.

Urban areas may have different systems for handling house-
hold waste water and for removing surface or storm water. A
combined system brings together household waste and sur-
face runoff water into one network of pipes and delivers the
combined discharge to a centralized sewage treatment facil-
ity. Some cities have a system which diverts household waste
and storm water to separate pipes. Those pipes carrying only
surface water discharge at various points into natural water-
courses, and the waste water is directed to a sewage-treatment
facility. The separate system diverts the majority of surface
water to storm sewers, but some of it may be combined with
sewage and treated before being released. While both meth-
ods can provide harborage and other resources for pests, the
combined waste water system is most likely to support pest
populations, because of the food contained in the toilet and
kitchen refuse.

The storm water drainage system of pipes carries away large
amounts of water that may otherwise accumulate on roads and
streets following excessive rain or snow. Water from streets
and sidewalks flows into the underground network of pipes
through inlets and catch basins positioned along the curb and

street corners. Inlets are covered by a grate and connected to
a catch basin before leading to a drainpipe. A catch basin is
usually a rectangular storage box located under the street. It
is designed to trap street debris before it enters and obstructs
the flow of water into drainpipes. Not until water reaches a
certain height in the catch basin does it flow into the major
storm drain. Because of their construction and underground
location, catch basins often retain water for long periods. The
combination of organic matterand standingwaterina darkand
protected location provides a breeding site for several species
of mosquitoes. These sites also provide a source of food for
cockroaches and rats. Similar conditions are present in some
of the underground mass-transit systems and shopping areas
in major cities of the world.

Solid waste disposal and landfills

Collection and disposal of solid waste is important to human
health and the daily operation of a city. Waste produced by
households and commercial sources is collected and trans-
ferred to a landfill, a site dedicated and specifically managed
for waste disposal. It may be close to the city or carried to a dis-
tantlocation. Municipal solid waste originates from daily activ-
ity in households, hotels, hospitals and health care facilities,
and restaurants, and it contains 10-50% wet and putrescible
organic material. The high organic content is a potential food
resource and harborage for insects, pest birds, and rodents.
The utility this material has to these pests is influenced by the
techniques used for collection, and the short- and long-term
disposal.

Open refuse sites may be the primary method for collect-
ing the garbage from small communities or neighborhoods in
some parts of the world. These sites are usually exposed, three-
walled bins, large metal containers, or simply a vacant plot of
land. Depending on the size of the areas served, there may be
one or more of them in a neighborhood. Although this method
leaves organic refuse vulnerable to pest infestation, concen-
trating household refuse in designated sites enables efficient
removal and is better than uncollected garbage in the street.
Depending on climate and seasonal temperatures, frequency
of collection, and the organic content, open public refuse sites
supportlarge infestations of flies and rodents, and often attract
birds, dogs, cats, goats, and other animals. Rodents and flies
may establish long-term populations at these sites, and move
from there to forage in or infest surrounding buildings. Fly
maggots within the garbage at the time of collection may be
removed from the population; full-grown larvaeleave the refuse
to pupate and avoid collection, and remain to reinfest. Hot and
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dryweather can reduce the attractiveness of refuse piles to flies,
and hot and wet weather may extend it.

Galvanized steel or plastic containers with lids are typically
used to hold household dry and putrescible material. Ideally,
the garbage is secure until emptied into a collection vehicle, but
lids on garbage containers may not completely prevent entry
of rodents, flies, wasps, and other insects. Various species of
flies can infest these containers: fruit flies access openings that
are 1-2 mm wide and adult blow flies are capable of moving
through openings 3.2 mm wide. Holes or cracks in the bottom
of containers allow full-grown maggots to leave, or large blow
fly maggots may climb the inside surface of metal containers
to find a suitable pupation site outside. In some cities, 60% of
the garbage containers may be infested with fly larvae. Rodents
gnaw small holes in the bottom and sides of plastic containers,
and leave them accessible to further attack. The lids of garbage
containers are often not used and garbage is exposed. Daily or
weekly garbage collection is partly a function of climate and
the local authorities. Long collection intervals, combined with
putrescible waste, loose-fitting lids, and damaged containers
often result in pest problems.

Many of the large cities of the world rely on a local land-
fill to take their daily garbage; these sites are usually origin-
ally established at the periphery of the city. Landfill sites must
be easily accessible and large to accommodate the quantity of
solid waste and other material a city produces in the course of
10-15 years. For disposal in most large metropolitan landfills,
garbage is first taken to a transfer site where it is emptied from
the collection vehicle and loaded into a compactor or inciner-
ator to reduce the volume. It is then transported to the landfill,
which may be local or a long distance away. Key to the suc-
cessful operation of transfer stations is the rapid processing
of refuse. Regardless of their efficiency, transfer stations often
attract flies, rodents, and pest birds, and their presence can
cause problems in surrounding neighborhoods.

Compacted or loose garbage at the landfill is usually covered
to reduce odor and the attraction it has to various pests. Soil
is commonly used for cover, and the thickness of the layer
is important to fly control. Cover soil that is less than about
150 mm is not sufficient to prevent fly emergence completely.
House fly adults are capable of moving to the surface from
beneath 250 mm of'soil, and blow flies and flesh flies are known
to emerge from feeding sites 450 mm within compacted refuse.
When soil is unavailable or the costs for it are high, other
materials, such as paper pulp, fragmented plastic, sand, woven
geotextiles, and plastic sheets may be used. In direct sunlight
plastic sheets create in the underlying refuse a microclimate
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with temperatures high enough to prevent fly development.
However, these sheets may interfere with rainwater percolation
and natural compaction, and trap landfill gases.

The house fly and local species of blow flies are the most
common insects at urban landfills around the world. At land-
fills, these flies may breed continuously through the year, but
with decreased numbers in the cold months. Crickets and cock-
roaches, including the German cockroach, can become estab-
lished at landfills, depending on local conditions. Infestations
of cockroaches have been linked to buried lots of household
material that came to the landfill infested. Once at the site,
populations were maintained by the available food and only
limited compaction to provide harborage. The pestbird species
varies according to location, but the most common are gulls,
crows, starlings, and kites. They rarely nest at the site, but
usually include the landfill within their foraging territory. The
brown rat is common in landfills around the world. Large ver-
tebrates, such as foxes, feral dogs, and goats also regularly
occur.

There may be few stable habitats directly on the landfill to
support vertebrate populations; most pest species only move
to the landfill for feeding and have established nests offsite.
Although there is a continuous source of garbage, the working
face for dumping changes and there is regular (day and night)
disturbance by workers and vehicles. Sudden disturbance of
house fly, cricket, and cockroach populations can result in the
dispersal of large numbers to areas surrounding the landfill.
House flies and blow flies are capable of traveling 1—3 km from
infested sites, and cockroaches can move across a varied land-
scape to building perimeters. Large numbers of seagulls at
landfills can disrupt the operation of compaction and earth-
moving equipment and spread disease. Feces from gulls at
landfill sites have been shown to contain human pathogenic
bacteria, such as Escherichia coli o157. Landfill gulls have the
potential of transporting such bacteria to farm and urban sites.

Urban environmental features

Urbanization has pronounced effects on the abiotic compo-
nents of the environment. Concentrations of heat-absorbing
surfaces of streets, highways, parkinglots, the limited amounts
of greenspace and open soil, and large amounts of pollution
and particulate matter in the air resultin cities having a climate
different from the surrounding countryside. Climatic changes
can occur in the form of seasonal temperature highs and lows,
in intensity and direction of the windfields around buildings,
and in amount of rainfall and runoff conditions. Climate is
the net combination of temperature, water vapor in the air,
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precipitation, solar radiation, and speed of the wind. Mete-
orologicalvariables thatare usually distinctly different between
cities and open country include day and night temperature and
relative humidity, rainfall, and fog. The most recognized city-
climate phenomena are persistent smog, early blooming or
leafing of flowering plants, and longer frost-free periods in
north temperate regions.

Urban substrates

Up to 33% of the land surface in cities is occupied by hard sur-
faces in the form of roads, sidewalks, and parking lots. A nearly
equal proportion is taken up by buildings and other built struc-
tures, with the result that 60—70% of urban areas in modern
cities consists of surfaces formed from nonporous materials.
Only the remaining third of urban surface can be considered
porous for water circulation and water vapor exchange, but
these may be covered with refuse and other debris. Hard sur-
faces of cities generally accept more heat energy in less time
than an equal amount of soil; by the end of the day, brick or
concrete surfaces will have stored more heat than an equal sur-
face of soil. However, hard surfaces of buildings and pavement
release or conduct heatabout three times as fastas itis released
by moist, sandy soil. The variety of light- and dark-colored
building and sidewalk surface, the reflection and absorption
of sunlight, and conduction of absorbed heat energy are linked
to city—countryside climate differences. Urban buildings have
a breaking effect on wind, and this may reduce the amount of
heat that is carried away.

Buildings and other features add to the three-dimensional
complexity ofcities. Theresultisarisein the mean temperature,
forming what is called an urban heat island. This island results
from the reduced amount of evaporative cooling, heat retained
by surfaces, and heat produced by vehicles and machines. One
feature of the heat island is the limited range of daily high and
low temperatures. Despite the large amount of (sunlight) heat
absorbed and heat radiated by structures, shading by build-
ings and narrow streets keeps sunlight from many urban sur-
faces, thus lowering the maximum daily temperature. Summer
nights in the suburbs may be cool, but in the city tempera-
tures may be only a few degrees lower at midnight than at
sundown. The physical mass of the city acts as a buffer, damp-
ing temperature extremes. Since air is primarily heated more
by contact with warm surfaces than it is by direct radiation,
city surfaces (buildings, roads, and pavements) are capable of
heating large volumes of air. The dome of warm air that is regu-
larly over large cities forces moisture-laden clouds upward
into colder air, which initiates rain. Solid, liquid, and gaseous
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contaminants characterize the air of most modern cities, some
more than others. About 80% of the solid contaminants are
particles small enough to remain suspended for long periods.
These particles directly influence rainfall and air temperature
in cities. Particulate matter provides nuclei for the condensa-
tion of atmospheric moisture into rain. The general rule is,
as cities increase in size, air pollution increases, and rainfall
increases.

Measurable rainfall in cities is shed from hard surfaces and
quickly removed through drainpipes, street gutters, and storm
sewers. The urban landscape was developed from agricultural
or natural land; construction usually involves removing native
vegetation alongwith upper layers of soil (topsoil), and reshap-
ing the existing topography. One of the outcomes of these
changes is altering the natural routes of rainfall runoff. Once
an urban center has been developed, flood peaks in streams
and rivers that are a part of the habitat often increase two to
four times in comparison with preurbanization flow rates. The
increases are due to pavement and roadways that cover a large
percentage of the surface in suburban areas, and nearly all
the surface in business and industrial areas. This reduces the
amount of rainwater that infiltrates soil, and increases runoff
and sediment in streams and rivers. Pollution from increased
runoff affects plant and animal communities in and along the
bands of these waterways.

Prevailing winds are usually rapidly decelerated over towns
and cities compared with the open countryside. Wind velocity
may be half what it is in the open countryside, and at the edge
of the urban area wind velocity may be reduced by a third.
Onereason forthisis theincreased surface texture caused by the
mixture of shortand tall buildings. Cities have reduced average
wind velocity in direct proportion to their size and density.
Along roads and highways parallel to the wind direction, wind
velocity increases and may be disruptive to people and flying
insects. Trees along these wind routes, and trees in greenspace
and parks can help to reduce urban wind speeds. However, the
presence of large patches of vegetation and blocks of urban
trees can contribute harborage and breeding sites for pests,
such as birds, rodents, and other wildlife. Some insects that
naturally occur in suburban or rural areas are easily moved by
winds, and may be carried into the edges of the city. Cloudless
skies at night and the horizontal temperature gradient across
the urban/rural boundary can be sufficient to create a low-level
breeze from the rural area into the city. This flow of air from
suburban or agricultural areas into the city can aid and direct
the movement of small, dusk- or night-flying insects, such as
mosquitoes.
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Street lights

Streetlights and commercial outdoorlighting have contributed
to the presence, pest status, and probably the geographic dis-
tribution of some arthropods in the urban environment. A vari-
ety of flying insects, including flies, beetles, plant bugs, and
moths, are attracted to bright lights at night. This behavior
often results in insects indoors and outdoors at windows and
on screens, and dead and dying insects near the light source.
Factors that influence whether insects fly to outdoor lights
include brightness (wattage), their ultraviolet light output, the
heat produced, and competition from other lights in the imme-
diate area. The number of insects attracted to the early street-
lights on urban and suburban streets may have been small
because of the low intensity of these lights, and their limited
use. As lighting technology improved and intensity increased,
the number in use increased, along with the insects. The pest
status of several species of beetles, flies, and bugs is based
on their occurrence at outdoor lights; June beetles, crane flies,
and giantwater bugs (Belostoma, Hemiptera) are consistently at
these sites. Artificial lights may also be a contributing factor to
the decrease in abundance of some populations of nocturnally
active insects. Insects attracted to lights may remain there and
be easily preyed upon by vertebrate scavengers, such as toads,
opossums, and raccoons.

Insects respond primarily to the intensity and the color spec-
trum of light. Generally, they react to a light spectrum that
extends from the near ultraviolet, which is 300-400 nm, up
to orange, at a maximum of 60o—650 nm. However, attraction
is not the same throughout the spectrum. Many insects have
two peaks of maximum sensitivity: one in the near ultravio-
let, which is at about 350 nm, and a second in the blue-green,
at about 500 nm. Perception of this color range occurs in the
Hymenoptera, Diptera, Coleoptera, Lepidoptera, Neuroptera,
Hemiptera, Homoptera, and Orthoptera. Sensitivity to the
ultraviolet portion of the spectrum has been used to attractand
trap some insects, while the blue-green component of incan-
descent light bulbs attracts a wide range of species at night.
The light spectrum of incandescent bulbs is through the vis-
ible spectrum to the middle of the ultraviolet, which is why
these lights often attract insects at night.

Mercury vapor lamps are often used for outdoor lighting.
These bulbs heat mercury until it vaporizes, then an electrical
discharge is passed through the vapor to produce a bright light
with the blue tint. There is a strong ultraviolet and blue light
content to these bulbs, and they provide a strong attraction
to insects at night. Sodium vapor lamps are an economical
and ecological alternative to mercury vapor lamps because they
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produce the most illumination for the amount of electricity
used, and attract few insects. They have a distinct yellow light
because they produce almost entirely one wavelength of yellow
light, very little of which is below 550 nm, and only a small
amount of ultraviolet light. Insects are less attracted to these
and other commercial orange or yellow lights because of the
light spectrum produced.
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Introduction

Pest status for arthropods in the urban environment is based,
in part, on the continued presence of a species in or around
the workplace and living space. Contributing to this is the
potential medical or psychological reaction and economic loss
linked to their occurrence. The continued presence of these
animals is due, in part, to the relative ineffectiveness of control
measures, and the existence of reservoir habitats and popu-
lations that provide for reinfestation. Long-term persistence
and pest status of domestic and peridomestic arthropods are
based on a network of small infestations in relatively unsta-
ble habitats, and large reservoir populations in relatively sta-
ble habitats. Reservoir habitats provide individuals or groups
that can replenish local infestations and establish new ones.
Without their reservoir populations, most of the common pest
species would not sustain the abundance necessary for pest
status.

Pest status is usually associated with a real or perceived
medical threat, a persistent nuisance, or on economic loss.
The majority of arthropods in this environment qualify for one
or more of these categories. Pest status may change with the
abundance of the pest species. It may begin as a nuisance by
the presence of small numbers of individuals, then become a
health threat by the presence of large numbers, and eventu-
ally an economic level is reached when control and repair are
required. Peridomestic pests, such as umbrella wasps or yel-
lowjackets nesting under the eaves of houses or subterranean
termites damaging structural wood, may present a threat to
human health or damage the physical structure of a build-
ing. Domestic pests damage food, fabric, and other materi-
als, but also intrude on personal space to cause psychological
stress. Pest status may be based solely on an aesthetic or emo-
tional reaction to the presence of an insect or other arthropod,
such as spiders and centipedes. The economic and medical
basis for pest status is measurable, but may be applicable to
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only a select group of pests. Pest control actions based on
aesthetic-emotional reasons are much less measurable and
predictable, but are no less important and probably the basis
of many control decisions in the urban environment.

Aestheticinjury

Thepeststatus of somearthropodsindomesticand peridomes-
tic habitats is based solely on an intolerance of their presence.
For many people there is a psychological or emotional sensi-
tivity to the presence of an insect or other arthropod. The living
space is a personal and sacred place, the presence of insects or
other animals may directly affect the quality of life there, and
their presence is usually considered unacceptable. Tolerance
for animals in this space is usually low, and control is based on
an emotional or aesthetic threshold.

Food contaminated with foreign matter is unacceptable on
aestheticand general health basis. However, insects, mites, and
other arthropods are so ubiquitous and so numerous that few,
if any, food can be free of at least a small amount of damage
or contamination by them. In general, government agencies
have established maximum levels for natural or unavoidable
defects in food for human use that present no health hazard.
The assumption that these defects, which are usually in the
form of live or dead insects, body fragments, and other organic
material, are harmless is based more on experience than on
experiment. It is expected that, if any risk to human health
were identified to be associated with these allowable defects,
the tolerance levels would be revised in favor of human health.
The average consumer may understand and accept that pure
food, such that it is free of all contamination, may be difficult
to achieve in a consistent manner, but that excessive contamin-
ation by insects or other material is unacceptable, at least on
an aesthetic basis.

Anaestheticinjurylevel is a decision threshold fora pestcon-
trol action that is similar to the economic threshold applied to
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agricultural pests. The economic threshold is a measured pest
density at which control actions should be taken to prevent a
pest population from reaching the economic injury level. In
the urban environment, aesthetic considerations rather than
economic ones are often critical in initiating control actions.
Aesthetic injury may be associated with a specific number
of individual pests, such as sighting one to two cockroaches
within 24 h indoors, having three to four mosquito bites out-
doors in 4 h, or sighting two to four wasps outdoors in the
vicinity of the house. Indoors, the most common arthropods
that lead to a control action at a low density are cockroaches,
silverfish, moth flies, and carpet beetles (adults and larvae).
Tolerance for seasonal pests, such as ants, fruit flies, cluster
flies, and fungus gnats may be somewhat higher, perhaps due
to their regular occurrence. Outdoors, aggregations of insects
often lead to control actions; common pests in this category
are boxelder bug, ladybird beetle, elm leaf beetle, and cricket.
Large numbers of chironomids, winged ants, and mayflies
may be a nuisance, but control measures are usually not
practical.

Medical injury

Most orders of insects and other arthropods contain species
that have medical importance, either because they bite, sting,
suck blood, transmit parasites and pathogens, or because they
induce allergies, delusional parasitosis, or entomophobia. No
medically important pest has an exclusively urban distribution;
all occur in urban and natural habitats, to a greater or lesser
degree. However, when these pests occurin oraround theliving
space or workplace, their importance increases and control
actions are more common. Arthropods with the highest pest
status are those that inflict a painful bite, sting, or suck blood
(whether painfully or not). Although they may present only a
limited health risk, their presence is not tolerated. The most
common of these worldwide include head louse, scabies mite,
bed bugs, and spiders.

Bites, stings, and blood-sucking arthropods

Bed bugs, scabies, and lice occur naturally in the human
population, and at all socioeconomic levels around the world.
People differ in their reaction to these arthropods: some are lit-
tle affected, but if feeding continues or populations increase,
sensitization occurs. Theabundance of scabies and liceappears
to be cyclic in some industrialized countries, but is more com-
mon and less cyclic in developing countries. They are com-
monly found on elementary schoolchildren, and there is often
asocial stigma associated with their presence. Lice and scabies
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are also common during wartime and famine when there
are large numbers of refugees, poor sanitary conditions, and
crowded living conditions. Bed bugs are similarly linked to
humans. These blood-feeding parasites are distributed world-
wide, and periodically they become numerous and infestations
increase in residential and commercial buildings. Favorable
indoor conditions, rapid movement of people and materi-
als around the world, and decreased insecticide use indoors
may have contributed to the re-emergence of these domicili-
ary pests. Regardless of the conditions or the physiological
response, people dislike these ectoparasites because of their
presence, and their impact on the quality of life. The pest sta-
tus of lice, scabies, and bed bugs may be based on the unsightly
condition of the infected skin, and the itching and discomfort
caused by their feeding.

The pest status of spiders is primarily aesthetic since the
majority of those found indoors are not likely to bite or be
a health threat. There are a few species that have a painful
bite, sometimes with severe outcomes. Nearly all spiders are
poisonous, at least with regard to their normal prey, but only
about2o oftheapproximately 30 ooodescribed species are dan-
gerously poisonous for humans. The most important species
are: the aggressive house spider (Tegenaria agrestis), which often
bites people without provocation; yellow sac spiders (Cheiracan-
thium spp.), which occurindoors around the world; and species
of recluse (Loxosceles) and widow spiders (Latrodectus). The bite
of these spiders is generally painful and the venom may be
locally or systemically toxic.

Transmission of parasites and pathogens

Mosquitoes, reduviids (conenose bugs), and ticks transmit the
major arthropod-borne diseases in the urban environment.
Most of the vectors occur primarily in domestic and peri-
domestic habitats, or readily move to these habitats from reser-
voir populations outside urban areas. Their success and world-
wide distribution are based in part on their ability to adapt to
new hosts or substitute their natural breeding sites for those
available in or around human dwellings.

Species of Aedes, Anopheles, and Culex mosquitoes occur in
urban habitats. Many salt marsh and floodwater species of
Aedes, such as Ae. dorsalis, Ae. sollicitans, Ae. squamiger, Ae. tae-
niorhynchus, and Ae. vexans, have flight distances from 6.4 to
64 km, which brings them within range of urban habitats.
Worldwide distribution of Ae. aegypti is linked to its adaptation
to human habitats, such as its ability to breed in artificial con-
tainers and to travel with humans. Around human dwellings are
various containers that hold water and easily substitute for the
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ancestral tree hole conditions of this species. The ability of the
eggsto survive desiccation provides forlong-distance transport
to new areas. This species survives best where there is open-
water storage and artificial containers. Because of its adapta-
tion abilities and occurrence in urban environments around the
world, it has the potential of transmitting new arboviruses that
may develop into regional epidemics. Ae. albopictus is another
species that has substituted its natural breeding site of plant
cavities for household containers and automobile tires in the
urban environment. Ithas expanded its distribution out of Asia,
and is now a major pest in urban and suburban areas, and an
important urban vector of dengue.

Culextarsalis, the vector for western equine encephalitis virus,
and Cx. tritaeniorhynchus, the vector of Japanese encephalitis
virus, are rural species but enter urban habitats after heavy
rainfall and flooding. They breed in structures that hold water.
Cx. pipiensis one of the most common nuisance species in urban
environments, and it transmits several arboviruses. The sub-
species Cx. pipiens quinquefasciatus (=Cx. pipiens fatigans) is the
major mosquito vector in urban environments throughout the
world. It breeds in ground pools and in water that collects in
household containers, and readily enters houses. This species
is well-adapted to urban and industrial conditions, and it is a
dominant species in the septic fringe in developing countries.
In the USA, Cx. pipiens quinquefasciatus breeds in pools at the ends
of culverts and street drain catch basins, and it is the vector of
the urban cycle of St. Louis encephalitis virus. The decrease
in Japanese encephalitis in urban Japan has been attributed to
peoplestayingindoorsinair-conditioned houses in the evening
and watching television, instead of sitting outside exposed to
urban mosquito vectors.

Anopheles stephensi feeds and rests indoors, and breeds in
wells, cisterns, roof gutters, fountain basins, garden tanks,
and discarded tins in India and the Middle East. In India,
An. culicifacies normally breeds in natural waters, but will repro-
duce in flooded burrow pits and pools in urban areas. Flood-
ing and heavy rainfall provide breeding sites for An. atroparvus,
An. messae, An. sacharovi, and An. superpictus in cities in Europe.
The flight range of these species, and their dispersal by the
prevailing wind at the edge of cities, has influenced the urban
occurrence of these and other anopheline mosquitoes. Popula-
tions of An. gambiae occur in urban areas in sub-Saharan Africa,
where it breeds in underground cisterns and catch basins of
storm drains in cities.

Species of the reduviids Triatoma, Rhodnius, and Panstrongy-
lus have adapted to urban habitats. Most species occur in the
western hemisphere. Triatoma species are often associated with
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rodents in natural areas, but are attracted to lights and may
enter houses in suburbs and shantytowns. Because of houses
built in the chaparal on the edges of cities, there has been an
increase in the occurrence of conenose bugs and Chagas dis-
ease, which is caused by a Trypanosoma transmitted by these
bugs. Trypanosoma cruzi is maintained in the urban environ-
ment in the domestic and peridomestic populations of cats,
dogs, opossums, armadillos, squirrels, and several species of
rats and mice. The primary vectors are Triatoma spp., Rhodnius
prolixus, and Panstrongylus megistus. The focus of this disease is
the poor household conditions in rural areas and septic fringe
of cities.

Dermacentor, Rhipicephalus, and Ixodes ticks find suitable con-
ditions and hosts in the greenspace and peridomestic habitats.
Insuburban areas (urban-ecosystem A) there are cases of Rocky
Mountain spotted fever (RMSF) in eastern USA, and cases of
Lyme disease in the USA and other countries. An increase in
RMSF is associated with the success of Dermacentor variabilis
in suburban vegetation and perhaps the abundance of domes-
tic dogs and other host animals. The increased incidence of
tick paralysis follows the abundance of D. variabilis in sub-
urban areas in eastern USA, and with the abundance of Ixodes
holocyclus in Australia. In the suburbs of Sydney, I. holocyclus
is abundant because the mix of natural vegetation in peri-
domestic habitats provides suitable conditions for the bandi-
coot (Parmeles spp.), the primary host for this tick. Lyme dis-
ease is one of the most common arthropod-borne diseases in
suburban areas around the world. I. scapularis is the principal
vector in northeastern USA. The immature stages of this tick
feed on numerous birds, mammals, and humans; the white-
footed mouse is the primary reservoir and vector to humans,
and the white-tailed deer is the primary overwintering site and
host for the adult tick. Adults do not move from host to host
and do not transmit the disease. The distribution range of
L. scapularis is expanding in suburban areas, along with the inci-
dence of Lyme disease, due to the proliferation of deer in these
habitats.

Rhipicephalus sanguineus completes its development on
domestic and feral dogs, and it has adapted to urban envi-
ronments in many parts of the world. This species origin-
ated in Africa, but has been introduced into the Americas,
Europe, Asia, and Australia, where it is well-established. This
tick requires relatively high temperatures to complete develop-
ment. In temperate countries itis associated with dogs indoors;
in warm climates it occurs outdoors in suburban areas and is
avector of RMSF in the USA and a vector of boutonneuse fever
in the Mediterranean region of Europe.
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Allergies

Allergic disease is a common disorder affecting about 40% of
the world population. The allergen proteins that induce aller-
gic reactions may be inhaled, ingested, and absorbed through
the skin, or mucous membranes. Typical allergic reactions
include swelling, itchy and watery eyes and nose, difficulty
breathing, headaches, skin rash, and itching. Many species of
arthropods are the sources of allergens that sensitize and cause
allergic reactions in humans. These allergens are proteins and
the physiological response to exposure is the same as it is for
other allergen sources, such as plant pollen, molds, and some
foods. Arthropods in the urban environment that induce aller-
gicreactions in humans include flies, fleas, beetles, and moths
in stored food, and stinging insects such as bees, wasps, and
ants. However, the prevalence of cockroaches and dust mites
in the living space and their potent allergens make these two
very important sources of allergic reactions.

Cockroaches common in and around human dwellings
are an important source of allergenic proteins. Sensitivity
to cockroaches is worldwide and ranges from 23 to 60%
of the population; it is evident as respiratory asthma and
dermatitis. In some inner-city neighborhoods in the USA 37%
of children may be allergic to cockroach allergens. The cock-
roaches known to be the sources of allergen include species of
Blattella, Blatta, and Periplaneta. However, Blattella germanica and
P. americana are the prevalent indoor pests, and contribute the
most to health problems. The allergens from these insects are
found in the fecal material, oral secretions, exoskeleton frag-
ments, and dead bodies. Particles bearing cockroach allergen
are mainly carried on particles less than 1o um diameter; these
particles settle quickly and reduce exposure.

Dust mites are in stored food products and inhabit the living
and working space worldwide, and they are the source of aller-
gens. Sensitivity to mite allergens is well-known; in the USA
and Europe 20-35% of allergic individuals are sensitive to dust
mites. Most homes and work environments inhabited by dust
mites contain several species, including Dermatophagoides fari-
nae, D. pteronyssinus, D. microceras, and Euroglyphus maynei. Dust
mite populations require a source of protein-rich food and
environmental conditions of 10-30 °C and at least 50% relative
humidity (RH). The o.5-1.0 g of skin scales humans shed every
day provide sufficient food, and carpets and textile materials
on beds, furniture, and clothing provide harborage and breed-
ing sites for these mites. Allergens of Dermatophagoides species
are produced in the posterior midgut and hindgut as digestive
enzymes, excreted fecal pellets (10—40 um diameter), and in
castskins of mites. Theseallergenic particles arerelativelylarge
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and rapidly fall in undisturbed air. However, excrement pellets
become dry and fragment, and small particles may become
airborne.

The mites associated with stored foods and fungi include
Acaris siro, Glycyphagus domesticus, Lepidoglyphus destructor, and
Tyrophagus putrescentive. They feed on mold and fungi that grow
on household foods, but are also found on textiles and on wall
and ceiling surfaces. Mostspecies require 70—98% humidity for
development. Exposure to stored-food mite allergens can be by
ingestion or by inhalation, and sensitization to these mites has
been reported in many developed countries. The confused flour
beetle, Tribolium confusum, is probably the most common con-
taminant of flour, cereal, prepared flour mixes, dried fruits and
nuts, and various spices. In these materials, there may be frag-
ments of all the life stages of this beetle, and for some infested
material, there may be live adults and larvae. Persons who
are sensitive to insect allergens may have an allergic response
when ingesting contaminated flour products.

Entomophobia and delusional parasitosis

Most people do not like having insects and spiders in their
living space, and some may be fearful of their presence. Fear
is a natural extension of human experience, and a reasonable
and appropriate response to situations that involve potential
danger. It has some value in protecting the individual from
potentially harmful situations. However, irrational anxiety in
situations of limited danger or health threat is a phobia. For
some individuals, the presence of insects or spiders in their
immediate surroundings produces an unreasonable level of
fear, and this is considered entomophobia. The general symp-
toms of a phobia are characterized as sudden and intense feel-
ing of anxiety, shortness of breath and increased heart rate,
shaking, and sweaty palms. An important component of any
phobia is avoidance and people who are extremely fearful of
insects and spiders avoid them. Another componentis the gen-
eralization of the fear to include other organisms, such as spi-
ders and spider webs, or to all insects that make a buzzing
sound.

The emotional condition in which individuals believe that
live organisms are present on or in their skin, or periodically
biting them, is called delusional parasitosis. In the late 1800s,
delusional parasitosis was described by Georges Thibierge in
the French literature as acarophobia. This condition was called
presenile Dermatozoenwahn by Ekbom in the 1930s. He was a
Swedish physician who described several cases, and for whom
the condition is named. Ekbom’s syndrome has been variously
called dermatophobia, parasitophobia, and, more recently,
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monosymptomatic hypochrondriacal psychosis. About 25%
of the reported cases exhibited folie a deux involving a family
member or close associate (see below); thus this conviction of
cutaneous infestation may be regarded as a contagious mental
state.

It is defined as a false belief (delusions) held in spite of no
evidence that there are external or internal organisms biting
or stinging the skin. The apparent cause of the skin irrita-
tions is tiny, almost invisible insects or mites. This emotional
state may develop quickly and persist for months or even years.
It is believed that delusions of infestation are more common
with advancing age, and gender (primarily females), but often
patients less than 50 years of age are males. Victims are able to
provide a detailed description of the supposed parasite. Indi-
viduals typically characterize the supposed parasites as black
orwhite bugs; the bugs crawl on the skin for short periods. The
supposed parasites sometimes tunnel in the skin, or jump on
and off the person during various times of the day or in specific
locations, which are usually indoors. The origin of the bugs
can be almost any household material, including furniture and
paper. The bugs may infest any portion of the body, including
hair, arms, legs, and genital region; commonly the infestation
will be centered in areas that are within reach of their hands.
The bugs bite or sting, and often cause intense localized pain
on the skin. Sometimes skin irritations develop in response to
the supposed bite or sting, and the typical response to the pain
or itch is intense scratching. The infestation can be so severe
that the person leaves the house seeking relief, but the bugs
usually reappear in the new location after a few hours or days.
Otherslivingin the household, including family members, may
be convinced of the presence of these biting animals and share
in the delusion (folie a deux).

An itch on the skin is a sensation which is sometimes
described as a mild form of pain. The sensation of itching is
apparentlyaresultofchemical or physical stimulation of recep-
tors on the skin. However, itching may not be accompanied by
a stimulus to the skin. The causes of itches are many and range
from medical conditions, such as diabetes, to mild irritants,
such as laundry detergents, fabric sizing and conditioners, and
dry skin in winter. Persons suffering from the sensation of itch-
ing of the skin often have the idea that they have mites, fleas,
or some other microscopic animal. The supposed mites may
be called cable mites or paper mites, and they are assumed to
be associated with the wires that supply electricity to office or
manufacturing equipment, or with paper that accumulates in
offices or storerooms. Fleas are often suspected because these
insects are usually associated with bites and intense itching.

19

Cable mites or paper mites are often reported by groups of peo-
ple performing routine and repetitive tasks, such as secretarial
and bookkeeping personnel, or assembly-line workers. Cable
or paper mite dermatitis is a delusional parasitosis in the sense
that thevictims may believe they are being exposed to the mites,
although these mites do not exist. There are no such animals
as paper or cable mites, and fleas are not generally present in
office or manufacturing environments.

Delusions of cleptoparasitosis is an extension of the concept
of delusional parasitosis, but the patients imagine arthropod
infestations in their house or living area. This condition is not
accompanied by the sensations of insects or mites on the body;
instead the apparentinfestation may be imagined in household
items. Wood-infesting insects are sometimes implicated as the
cause of the problem.

Economic

The economic importance of almost any pest can be expressed
in the money spent on control and prevention measures, the
repair and replacement costs, and lost production or revenue
due to infestations. This information is useful to manufactur-
ers and government agencies, and for determining research
and development programs. Many pests in this ecosystem
are defined in economic terms of their medical importance.
Malaria kills about 1 million people a year worldwide, and this
mosquito-borne disease costs African countries $12 billion in
lost production.

The cost of controlling the major household pests in the
urban environment is unevenly divided between consumer-use
products and professional service. Consumer products are gen-
erally available for controlling cockroaches, fleas, flies, ants,
wasps, mosquitoes, termites, and nuisance pests. Purchase of
pest control products is a monetary measure of persistence
and importance of pests. The willingness to pay for control of
ahousehold pestis an emotional measure of the importance of
a pest. Itis expressed in terms of the money individuals would
bewilling to spend (if notactually spending) to eliminate a pest
from their living space.

Control and repair costs are appropriate for expressing the
economic importance of wood-infesting insects, such as ter-
mites, carpenter ants and bees, and wood-boring beetles. Pest
control professionals usually provide control of these pests;
repairs may be done by homeowners. Monetary figures are
often available for termite damage in temperate regions. In the
USA, conservative estimates for prevention, control, and repair
of damaged wood range from about $500 to $753 million annu-
ally, but other figures are $3.4 billion annually. In the oriental
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region more than 550 termite species are known, and in some
countries 43-54% of all buildings are infested. In Australia,
Coptotermes acinaciformis is responsible for the majority of the
damage done by termites. This is due to the extensive range of
this species, to the damage capable by mature colonies, and to
its success in adapting to urban habitats. This species causes
most of the termite damage to buildings in Australia. Control
measures include more than $4 million in control chemicals for
household infestations, but damage to utility poles, estimated
at about $300 million, and forest and agricultural trees signi-
ficantly increases the economic importance of these insects.

Carpenter ant control and repair in the USA and Europe
is estimated at $100 million. Pest prevention costs may be
applied to flea and tick control on domestic pets, stinging
Hymenoptera, mosquitoes, and some turfgrass insect pests.
Consumers generally provide and assume the costs for preven-
tion and control of most of these pests; mosquito control is
provided and paid for, usually with tax funds, by local govern-
ments. Replacement costs for stored-food and fabric pests are
borne by the homemaker, and these data are limited. Home-
owners use aerosol insecticides to control common domestic
and peridomestic nuisance pests.

Pest control strategies

Control of household and structural pests includes the use of a
variety of chemical and nonchemical methods. The overall size
ofurban and suburban areas and the importance of the domes-
tic and peridomestic pests provide the economic incentive for
manufacturers to formulate insecticides and design control
programs for common pest species. Consideration for adverse
exposure to humans and nontarget species has improved the
delivery of modern insecticides, while maintaining or increas-
ing efficacy.

The concept of integrated pest management (IPM) began in
the agroecosystem with the need to provide an economic base
for decisions to use chemical control. The objective of IPM was
to provide an effective and economically efficient approach to
pest control. The modern concept of pest management is the
integration of biological, chemical, and other control methods
into a program that restricts pest density to levels below those
causing economic injury. The important feature of agricultural
IPM is suppression of populations and not eradication of pest
populations. Pest density is linked to an economic injury level,
which is considered the lowest population density that will
cause economic damage. Damage may occur below this level,
but it is considered acceptable because it does not affect yield
or the value of the commodity.

Pest status and pest control

The concept of reducing the use of pesticides and managing
pest populations has been considered for the urban ecosys-
tem. In the peridomestic environment, pesticides are primarily
used in response to seasonal pests that cause aesthetic dam-
age. Programs that maintain these pests at low levels may
be appropriate, ecologically beneficial, and economically effi-
cient. However, applying the traditional IPM philosophy of pest
management (not elimination) to arthropods in the domestic
environment may be difficult or unacceptable. Control actions
that have the objective of maintaining pest populations below
an economic or aesthetic level may not be appropriate for
insects that are a medical threat to people or pets or that may
cause structural damage. Some pests in the domestic environ-
ment may not have a financial or health-related level of pest
status; nevertheless, their presence in the home provides little
room for tolerance and sufficient cause for their elimination.
There is little evidence that the concept of a level of tolerance
can be applied to household pests. Urban residents typically
adjust their attitude toward the presence of pests in the home;
their level of pest tolerance declines as the level of infestation
decreases.

Other components of agricultural IPM programs, such as
the use of biological, cultural, and mechanical methods, and
monitoring pests to determine decision-making levels, may
have limited application in the domestic environment. The use
of predators, parasites, or other biological control strategies
forarthropods indoors mustconsider the attitudes of the target
audience toward the presence of additional organisms indoors.
Use of parasites as a control strategy for indoor pests may not
be acceptable for residents if these control agents are as unwel-
come as the target pest. In many cases, the parasite or preda-
tor population must be significantly increased to achieve an
acceptable level of pest suppression. Releasing large numbers
of any insect, beneficial or not, into the living space may not
be acceptable to typical homemakers.

Microbial agents

Microbial pathogens of invertebrates include viruses, bacteria,
and fungi. Their potential as pesticides is based on the feature
of specificity and toxicity. Many are species-specific and are
effective against selected pests, and most are noninfective to
vertebrates, which provides a level of safety in the human envi-
ronment. Some microbial pathogens can be mass-produced,
and suitable for commercial use. Current applications include
control programs for soil-infesting insects, such as termites
and turfgrass pests.
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The mode of action of microbials usually depends on inges-
tion by the target pest during normal feeding. Protoxin frag-
ments of the virus or bacteria disrupt the cell wall lining of the
midgutand they enter the body cavity; the insect dies soon after
the pathogen spreads throughout the body. Efficacy depends
on the toxin produced by the pathogen, rather than multipli-
cation within the infected host. However, products based on
Bacillus thuringiensis usually contain viable spores of the bac-
terium, and these may contribute to their efficacy. Environ-
mental conditions influence the effectiveness and may limit the
use of microbials in urban habitats. The virulence of bacteria
and fungi decreases when temperatures drop below 18 °C, and
optimal development of some viruses is at 21-29 °C. Viruses
and bacteria are usually killed after prolonged exposure to the
ultraviolet portion of sunlight. Pathogenic fungi survive best
in soil that has a high organic content, and a suitable soil pH;
for example, acid conditions are unfavorable for Paenibacillus
(= Bacillus) popilliae spores, which control Japanese beetle
grubs in turfgrass. Mode of entry into the arthropod is usu-
ally by ingestion or through damaged areas in the integument.
Fungi usually enter through the spiracles; bacteria may be con-
sumed during feeding, and some viruses can be passed from
adult females to their eggs.

Viruses most commonly used for insect control include the
nuclear polyhidrosis (NPV), cytoplasmic polyhidrosis (CPV),
and granulosis virus (GV). Baculoviruses are specific to a few
pest Lepidoptera. The infectious virus particles are embedded
inaproteinaceous matrix, called the polyhedral inclusion body.
Theinsectmidgutis theroute ofentry; from there, theyenter the
body cavity and the insect soon dies. Most viruses are genus-
orspecies-specific, buttheimmature stages of Lepidopteraand
Hymenoptera (sawflies) are particularly affected. One limita-
tion in using viruses to control insects is the slow control time.
Usually the insect continues to feed and cause damage until the
viral infection has spread from the midgut to other parts of the
body. An advantage is that the body of the infected dead insect
can spread the pathogen to uninfected individuals.

Bacteria used for insect control are from the genera Bacillus,
Paenibacillus, and Serratia, but the number of species is limited.
B. thuringiensis israelensis (BTI) and B. sphaericus are effective in
controlling some pest species of flies, such as Anopheles and
Culex mosquitoes and black flies (Simuliidae), B. thuringiensis
kurstaki and B. thuringiensis entomocidus controls Lepidoptera
caterpillars, B. thuringiensis tenebrionis controls some beetle
species, and B. japanensis is toxic to Japanese beetle larvae. Other
pathogenic bacteria include Paenibacillus popilliae, P. lentimorbus,
and Serratia entomophila. The causal agents for the fatal milky
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disease of the Japanese beetle (Popillia japonica) are Paenibacil-
lus popilliae and P. lentimorbus. Grubs ingest the bacteria spores
along with soil and roots, the spores germinate in the gut, and
vegetative cells invade the body cavity and kill the insect. Pro-
liferation of spore bodies during the final stages of infection
gives the haemocoel a milky-white color. The host-specific bac-
terium Serratia entomophila has been used effectively to control
a soil-dwelling scarab pest, Costelytra zealandica.

Avermectins are macrocyclic lactone glycosides that are the
natural products of fermentation by the soil microorganism
Streptomyces avermitilis. The mode of action of avermectin (Aver-
mectin B1a)-type compounds (such as ivermectin) is to increase
the effect of glutamate on the chloride ion channel of nerves
of the voluntary muscle system. High concentrations cause
irreversible opening of the channel, which blocks any activity
of muscles innervated by affected nerves. The mode of action
is basically the same for vertebrates and invertebrates. These
compounds undergo rapid photolysis, and their half-life in
sunlight is 4-6 h.

Spinosyns are a naturally derived group of chemicals pro-
duced from a species of bacteria, Saccharopolyspora spinosa.
Spinosad is a mixture of spinosyn compounds, and it affects
species in the orders Coleoptera, Diptera, Hymenoptera,
Isoptera, Lepidoptera, and Siphonaptera. The site of action is
the nervous system, but the actual influence on the nerves is not
completely known. As with the other bacteria-based microor-
ganisms, this material degrades rapidly when exposed to sun-
light and other environmental conditions.

Fungi infect almost all insects and other arthropods. Ento-
mophthorales includes several species that are lethal to soil-
inhabiting beetles and termites. Soil conditions provide a sta-
ble environment for these organisms; however, the upper 2—5
cm of many soils reach temperatures that are lethal to the veg-
etative stages of most pathogenic fungi. Metarhizium, Beauve-
ria, and Verticillium have species that are pathogenic to insects.
The most commonly investigated species include M. anisopliae,
B. bassiana, and V. lecanii, all of which have a wide host range.
Strains of M. anisopliae have been used to control subterranean
termites and indoor cockroach pests. Species of the fungus
genus Cordycepioideus have been recorded from termite nests in
Mexico and Kenya.

Nematodes

Nematodespecies in the families Steinernematidae (Steinernema
spp., Neosteinernema spp.), Heterorhabditidae (Heterorhabditis
spp.), and Mermithidae parasitize insects. Larvae of Steinerne-
matidae carry the pathogenic bacteria, Xenorhabdus nematophilus
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and X. luminescens. Photorhabdus bacteria are carried by round-
worms in the family Heterorhabditidae. These bacteria can
enter the insect host and kill it within 24—48 h. The nema-
tode larvae are free-swimming in water and infect the insect
host by entering the mouth, anus, or spiracles. In the body
cavity, the larvae release the bacteria. The nematode feeds on
the bacteria cells and the decomposing tissues. When the sub-
strate is exhausted, they leave the cadaver and seek a new host.
Nematodes are environmentally safe and acceptable, and they
are easily applied with standard spray nozzles. Limitations of
the nematode—bacterium control strategy are that free water is
necessary for their host-seeking behavior, and these animals
are difficult to rear in mass cultures. The nematode Deladenus
siricidicola sterilizes the wood wasp, Sirix noctilio, and has been
successfully used to reduce wood wasp populations in pine
(Pinus radiata) tree plantations in Australia.

Botanical insecticides

Plant products for insect control have been used as attractants,
repellents, as solvents, and carriers of insecticides. However,
the primary use of plant compounds is as toxicants. Nicotine,
extracted from the plants Nicotiana tabacum and N. rustica, has
been used for hundreds of years to kill insects. The mode of
actionisto affectthe central nervous system of the targetanimal
directly. Limonene is extracted from citrus peels. It is effective
against some external parasites, such as fleas, lice, mites, and
ticks; it is nontoxic to warm-blooded animals. This botanical
affects the sensory nerves of the peripheral nervous system; it
is not a cholinesterase inhibitor.

Pyrethrum is a mixture of six active compounds (known
collectively as pyrethrins): pyrethrins I, II; cinerin I, II, and
jasmolin I, II. It has a broad range of insecticidal activity,
and is effective against nearly all insects. These chemicals are
extracted from flowers of several species, including Tanacetum
cinerariifolium (= Chrysanthemum), T. coccineum, and T. carneum.
This mode of action is to attack the peripheral nervous system,
and the immediate effectis a rapid excitementand knockdown.
At low dosages some recovery can occur, due to metabolism
(oxidation) of the pyrethrins. They are usually formulated with
synergists, such as piperonyl butoxide, to reduce the oxidation
process and increase effectiveness. This group of insecticides
is nontoxic to mammals.

Rotenone is found in the roots of leguminous plants Lon-
chocarpus (cube) and Derriselliptica (derris). These plants occurin
the Amazon river basin of South America. In insects rotenone
is a respiratory enzyme inhibitor; poisoning results in slow
heartbeat, depressed respiratory movement, and reduction in
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oxygen consumption. Rotenone is highly toxic to most insects
and fish, which convert rotenone to toxic metabolites, but it is
nontoxic to mammals, which produce nontoxic metabolites.

Neem, Azadirachta indica, is a well-known member of the
mahogany family (Meliaceae). Seeds and leaves of this plant
contain liminoid compounds with insecticidal, fungicidal, as
well as antiseptic, antiviral, and antifungal activity. These com-
pounds include azadirachtin, which has insecticidal activity,
and salannin and meliantriol, which are feeding deterrents.
Extracts are obtained by crushing neem leaves or seeds and
steeping them in water, alcohol, or other organic solvents.

Extracts of seaweed Caulerpa scalpelliformis, Dictyota dichotoma,
and the root of the mangrove plant, Rhizophora apiculata, have
larvicidal activity against Aedes aegypti and Culex quinquefasciatus.
Ethanolic extract of the herb Descurania sophia kills Cx. pipiens
larvae. Solventextracts of Euphorbia helioscopia (Euphorbiaceae),
Calendula micrantha (Compositae), and Azadriachta indica
(Meliaceae) are toxic to Culex pipiens larvae.

Inorganic insecticides

Inorganic insecticides have a long history of use in house-
hold and stored-food pest control: this group includes arsenic,
boron, mercury, and sulfur. They are stable compounds and
toxic to a broad range of animals. Sulfur is one of the oldest
pesticides, and is toxic as a contact or stomach poison to mites,
spiders, and scale insects, and as a stomach poison for some
caterpillars. Sulfur dusts and sprays are also fungicidal.

Arsenic-based pesticides are stomach poisons and are typ-
ically used for insect and rodent control. The most common
compounds are lead and calcium arsenate; calcium is the most
toxic to insects and mammals. Arsenic trioxide dust is used for
termite control. Arsenic compounds have a complex mode of
action. They uncouple oxidative phosphorylation (by substitu-
tion of the arsenite ion for the phosphorus), which is a major
energy-producing process of the cell. The arsenate ion inhibits
certain enzymes that contain sulthydryl groups and both the
arsenite and arsenate ions coagulate proteins.

Boron compounds have a long history in household insect
control as nonselective insecticides. The mode of action is a
stomach poison when a lethal dose is ingested. The target sites
may be the mid- and hindgut; in the hindgut borates may dis-
rupt water regulation. Borates are also used as a contact poi-
son because borate dusts absorb insect cuticle wax. Surface
applications of boric acid and water dilutions of borates act as
antiphagostimulants for insects such as wood-infesting bee-
tles and termites. Boron is toxic to animals and humans, and the
tolerable daily intake is 24 mg/day. It is a nonmetallic element
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that is naturally combined with oxygen and other elements,
such as sodium and calcium. Boric acid is a commonly used
boron compound. Itis awhite crystalline solid with a maximum
solubility in water of 6%, and it is nonvolatile with a long resid-
ual activity. It is primarily a slow-acting stomach poison, but
it is capable of penetrating insect cuticle. Borax is a naturally
occurring sodium tetraborate and as an insecticide it is used
in powder form or dissolved in water. Water-soluble polybor-
ates, such as disodium octaborate tetrahydrate, are effective in
protecting wood from some wood-infesting insects, such as
termites, carpenter ants, and beetles.

Amorphous silicon dioxide hydrate (silica gels or silica aero-
gels) is made from a geological deposit composed of fossilized
skeletons of siliceous marine and freshwater animals, partic-
ularly diatoms and other algae. These skeletons are made of
hydrated amorphous silica and, when crushed, they break up
into fine, talc-like fragments. This material has a large specific
surface area of 300 m?/g, and individual particles are o.o1—
0.05 um diameter. Silica gels that have low bulk density and
high porosity are called aerogels. The mode of action is based
primarily on the ability of this material to adsorb waxes from
insect cuticle, which permits excess water loss from the body.
Silica may be abrasive to the cuticle, which further increases
water loss. Mortality is due to desiccation, which is a result of
abrasion and damage to the protective wax layer in the cuticle.
Insect movement and other activities gradually decline until
death occurs. These compounds are also repellent to some
insectspecies. Toincrease efficacy and reduce the disadvantage
of the extremely light weight of silica aerogels, the dusts are
typically formulated with an isoparaffinic petroleum oil (sol-
vent), pyrethrins, and a synergist. Diatomaceous earth is pri-
marily silica; itacts as an abrasive and is slightly sorptive. It has
only limited ability to adsorb the solid wax from an insect cuti-
cle. Insects vary widely in their response to dust desiccants.
Some species have a protective (cement) layer in the cuticle,
which is secreted by cells in the epidermis; this appears to pro-
vide some protection against dust desiccants. It is well devel-
oped in the cuticle of many species of beetles.

organic insecticides

The majority of organic insecticides exert a toxic effect on
parts of the insect nervous system. The nervous system of
insects and mammals is dependent on the transmission of
nerve impulses along the axon, from the cell body, across inter-
mediate synapses to the nerve ending in the muscle. At the
nerve ending a transmitter substance, gamma-aminobutyric
acid (GABA), is released, which results in muscle contraction.
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Impulses pass along the axon because of changes in the elec-
trical potential, involving sodium and potassium ions, across
the outer membrane of the axon. Impulses travel along the
axon and eventually reach a gap between two nerve endings,
the synapse. Transmission of an impulse across the synapse
is mediated by the chemical acetylcholine, which is released
at the surface of the axon membrane. Acetylcholine moves
across the gap, is picked up by receptors on the other side,
and a fresh impulse is then generated in the opposing axon.
To prevent accumulation of acetylcholine in the synapse (and
repetitive impulses in the opposing axon), acetylcholinesterase
is released. It is broken down to choline and acetic acid. Some
of the commonly used insecticides block production of the
esterase. This prevents the passage of successive messages in
the nerve, and this may lead to malfunction of the nervous
system and death.

Cyclodiene and gamma-HCH insecticides have played an
important part in household and structural pest control, espe-
cially in controlling wood-infesting insects such as termites
and beetles. These are very stable compounds when placed in
the soil or applied to structural wood. The well-known com-
pounds in this group are aldrin, chlordane, dieldrin, endrin,
heptachlor, and lindane. These compounds are neurotoxi-
cants and produce spontaneous and repetitive discharges at
the synapse, which result in tremors, convulsions, and paraly-
sis of the target insect.

Organophosphate and carbamate insecticides were ori-
ginally made for agriculture, but many have been used for
household and structural insect control. Organophosphates
killinsects and vertebrates by bindingwith acetylcholinesterase
in synaptic junctions of the nervous system. This results in a
continuous flow of electrical-chemical signals along the length
of the nerve, which results in repeated muscle contraction.
A large number of agricultural and household and disease-
vector insecticides have been developed in this class, inclu-
ding malathion, chlorpyrifos, fenthion, and diazinon. Carba-
mate insecticides are derivatives of carbamic acid. They have
a mode of action and residual activity similar to that of the
organophosphate insecticides; they affect the nervous system
at the synapse. The important qualities of these insecticides
include low mammalian toxicity and broad spectrum of insect
control. Several carbamates are water-soluble and are used
as plant systemics in agriculture. Carbamates, such as sevin
and propoxur, and bendiocarb have been used to control cock-
roaches and other household insect pests around the world.

Pyrethroid insecticides are effective for contact control of
pests. They usually provide immediate knockdown, kill, and
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usually some residual effectiveness. These chemicals are syn-
thetic analogs of natural pyrethrins, they have low odor, and are
effective at low dosages. Pyrethroids are generally biodegrad-
able at varying rates, but many are relatively stable when
exposed to light. They first affect the peripheral nervous sys-
tem, which provides a quick knockdown; the primary target
site is the ganglia of the central nervous system. Pyrethroids
are a large group of chemicals and include allethrin, bifen-
thrin, bioallethrin, bioresmethrin, cypermethrin, cyfluthrin,
deltamethrin, fenvalerate, lambda-cyhalothrin, permethrin,
phenothrin, tetramethrin, and others used to control a vari-
ety of household, structural, and medically important pests.

Fluorosulfonates (fluroaliphatic sulfones) are stomach poi-
sons, and with delayed-action toxicity. The mode of action is
depressed rates of oxygen consumption and the inhibition of
cellular respiration. Sulfluramid is effective against termites,
cockroaches, ants, and other household and structural insect
pests.

Phenyl pyrazoles were discovered in the 198os, and they
reached their full development in the form of the active ingre-
dient fipronil. These insecticides are effective at very low con-
centrations. Their mode of action is as an antagonist of the
GABA-gated chloride channel of nerve membranes of the cen-
tral nervous system. Compounds in this class of insecticide
are effective against a broad range of insects. They have been
formulated for application as dusts, liquids, and in baits. A
closely related family of chemicals is the pyrroles, and it is rep-
resented by chlorfenapyr. Pyrroles are effective against a range
of insects; their mode of action is as a mitochondrial poison
and not as a GABA antagonist.

Hydramethylnon is a fluorinated hydrocarbon insecticide in
the amidinohydrazone class of insecticides. These insecticides
are toxic when ingested, and the result is decreased feeding
and general lethargy in the target pest. The mode of action is
depressed rates of oxygen consumption and the inhibition of
cellular respiration; it is an inhibitor of electron transport in
the mitochrondria. This compound is typically used as a bait
toxicant. Hydramethylnon is poorly metabolized in the insect
body, and it can occur in the feces of individuals that have
fed on treated bait. These feces are toxic to other individuals
when consumed. This insecticide can be transferred to other
individuals through grooming, trophallaxis, and other physical
contact, and is effective in baits for ants, cockroaches, and
termites.

Chloronicotinyl insecticides, such as imidacloprid, were
first used in agriculture as systemic and contact insecticides.
Later, products were developed for control of urban insect
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pests, such as ants, cockroaches, and termites. Imidacloprid
was developed for termite control in Japan in 1994, and has
been used in the USA and other parts of the world since 1996.
In general, the neonicotinoid compounds are nonrepellent;
they are effective at low rates, they have a long residual activity,
and bind to organic matter. The mode of action is linked to the
nervous system. Nicotinergic acetylcholine is a neurotransmit-
ter in the synaptic junction of the cholinergic system of insects.
Imidacloprid blocks the binding of this neurotransmitter to its
postsynaptic receptor, and the result is a toxic reaction at the
synaptic junction, which is fatal to the insect.

Thianicotinyl insecticides are second-generation neoni-
cotinoid insecticides. The mode of action of these insecticides
is primarily by stopping feeding. They are effective against a
variety of household and structural pests, including ants, cock-
roaches, and fleas. Thiamethoxam is a member of this class of
insecticides, and has been developed for subterranean termite
control.

Insect growth regulators (IGRs) include compounds that
mimic the juvenile hormones that regulate development and
molting of immature insects. The mode of action is to disrupt
biochemical and physiological processes that lead to normal
development. The effects are complex and vary between chem-
icals and target insect. Their activities include: prolongation
of larval or nymph stages with the result that development to
the adult stage is prevented, increased melanization or col-
oration, disrupted regeneration of appendages, anomalies in
reproductive organs and other structures, and morphological
anomalies in sensory organs. These compounds may also affect
pheromone production in adults or produce unusual morphs
or castes, or influence embryonic development. They have low
toxicity to mammals, birds, and fish; they rapidly degrade out-
doors, buttheyarerelatively persistentindoors. IGRs are gener-
ally limited to specific sites and pests, but are effective against
Blattaria, Coleoptera, Diptera, Homoptera, Lepidoptera, and
Siphonaptera. IGR compounds such as hydroprene and metho-
prene are modeled on natural insect juvenile hormones. These
compounds are generally species-specific, volatile, and sus-
ceptible to breakdown in ultraviolet light. Fenoxycarb, which
is a phenoxy-ethyl-carbamate, and pyriproxyfen display juven-
ile hormone activity toward nearly all insects, and they are non-
volatile and photostable.

Chitin synthesis inhibitors (CSIs) are effective because they
disrupt normal development and molting by interfering with
the enzyme chitin synthetase. Benzoylphenyl urea compounds,
such as cryomazin, diflubenzuron, flufenoxuron, flufenuron,
hexaflumuron, noviflumuron, and triflumuron, interfere with
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chitin deposition, and prevent proper formation of the new
exoskeleton and the shedding of the old one. These compounds
may possess ovicidal activity by disrupting cuticle formation in
developing embryos and causing failure to hatch. This mode of
action has been exploited for the control of some urban pests,
such as fleas, ants, muscid flies, cockroaches, and termites.
Diflubenzuron was the first of these chemicals; it was discov-
ered by chemists at Solvay Duphar in 1972. Diflubenzuron and
other CSIs are nontoxic to birds, fish, bees, and earthworms.
They are typically nonsoluble in water and do notleach or wash
into surface or ground water.

Synergists have little insecticidal activity, but they are typ-
ically combined with an insecticide to increase efficacy. They
are usually combined with pyrethrum and pyrethroid insecti-
cides. Piperonyl butoxide is the most common pyrethrum syn-
ergist; it increases the speed of knockdown and mortality. The
mode of action is interference with detoxifying mechanisms
and prevention of repair of damaged nerve cells. Other syner-
gists for pyrethrins include sesame oil extracts, sulfoxide, and
synergist 264 (MGK-264).

Repellents

Repellents prevent a pest from reaching a food source or
harborage, or move it away once it is there. They are generally
considered as nontoxic to pests, and nontoxic, nonirritating,
and nonallergenic to humans and domestic animals. Most of
the earlier repellent substances had strong, detectable odors;
the modern, synthetic repellents are nearly odorless. Although
repelling pest insects such as body lice, biting flies, and carpet
beetles has a long history, the modern application of this con-
cept takes advantage of safe use and application features, and
usually low cost. Protection is usually short-term, and may be
effective for a small number of species.

Creosote and other oils have been used to protect struc-
tural wood from termites, wood-infesting beetles, and decay
fungi. The mode of action of these materials includes tox-
icity to the target pest, and masking the natural insect attrac-
tants in the wood. Pyrethrin and some pyrethroid insecticides
are considered repellent, and at standard or low concentra-
tions cause insects to become active and move from harbor-
ages. Chemical bird repellents are either olfactory (odor), tac-
tile, or gustatory (taste). The tactile irritants affect the skin,
and include combinations of castor oil, polybutane, diphenyl-
amine, pentachlorophenol, zinc oxide, and aromatic solvents.
When applied to roosting or nesting sites they prevent birds
from remaining on treated surfaces. The avicide, 4-amino-
pyridine, is used as a repellent; the effects result from a distress
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call made by birds that eat the treated grain. Some bird species
are Killed after ingesting small amounts of this chemical.

Effective insect repellents include N, N-diethyl-m-toluamide
(Deet), ethyl butylacetyl-aminopropionate, and 1-piperidine-
carboxylic acid, 2-(2-hydroxyorthyl)-1-methylpropylester.
These compounds are used for skin application against mos-
quitoes and other flies, as well as fleas, ticks, and mites. Deet
has been used to treat fabric for mosquito protection. Antimo-
squito coils that are ignited and smolder to produce an insec-
ticidal smoke are the most widely used control for domiciliary
mosquitoes. Most coils contain pyrethrins or a pyrethroid
such as permethrin or bioallethrin, and these chemicals are
either repellent or lethal. The coils are designed to burn for
8-10 h and are typically used during the night in bedrooms.

Camphor (Cinnamomum camphora) wood and oil has histori-
cally been used to protectwool fabric and clothing from clothes
moths (Tineola bisselliella) and other pests. A measurable knock-
down effect on adult moths can be obtained using purified
oil, but larvae and adults survive long exposure in camphor-
saturated atmospheres. Camphor combined with menthol has
been used to repel some outdoor pests, such as the Asian lady-
bird beetle, Harmonia axyridis. Camphor is a major component
of the essential oil extracted from Ocimum kilimandscharicum
(Labiatae). Ocimum plants grow widely in India and many parts
of eastern and southern Africa (Kenya), and are traditionally
used as mosquito repellents. The camphor extract from O. kili-
mandscharicum is effective against some grain-infesting beetles.
Wood and oil from species of aromatic cedars (Cedrus, Chamae-
cyparis, Juniperus, Thuja), such as aromatic eastern red cedar
(Juniperus virginiana) and northern white cedar (Thuja occiden-
talis), and Lebanon cedar (Cedrus libani), provide some repellent
action against insects. Chests and closets made of this wood
have been used to protect woolens from species of clothes
moths and dermestid beetles. These woods inhibit egg hatch
of eggs laid in cedar-lined chests, but not eggs introduced
into the chest. Toxicity of cedar chests to beetle and moth lar-
vae declines after 16—20 months of aging. Milled wood of Juni-
perusvirginiana is somewhatrepellent to the German cockroach,
Blattella germanica, but not repellent to Periplaneta americana or
P. fuliginosa; it is somewhat repellent to foraging workers
of the Argentine ant. Oils of Japanese mint and Scotch
spearmintand bay leaves are somewhat repellent to domiciliary
cockroaches.

Paradichlorobenzene (PDB) is a white crystalline substance;
when exposed to air itvolatizes slowly into a gas 5.1 times heav-
ier than air. Naphthalene is a white crystalline substance that
is typically formulated as flakes or in mothballs. This chemical
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also volatizes when exposed to air. Both chemicals are used
for the protection of fabric from clothes moths and dermestid
beetles.

Attractants

The sensory mechanism involved in searching for food,
oviposition sites, and mates is stimulated and controlled
by chemicals. Those chemicals that deliver behavioral mes-
sages or induce a response are termed semiochemicals, and
pheromones are the semiochemicals used for intraspecific
communication between individuals of the same species. There
are several different types of pheromones, such as alarm, dis-
persal, and aggregation pheromone, but it is the group of sex
pheromones that is most widely used in pest management
programs. The principal uses of pheromones in control and
management programs are: male trapping, which reduces the
reproductive potential of a pest population; mating disruption,
which disrupts the mating search of males; and in the detection
and monitoring of adults to determine population abundance
and location of infested material.

The function of pheromones in the biology of many stored-
product and fabric pests follows two general patterns. These
are sex pheromones for the species that have short-lived adults,
and aggregation pheromones for the species that have long-
lived adults. The short-lived adults usually do not feed, and
mating and oviposition are the chief activities of the adults.
Soon after emergence, females of these species usually pro-
duce a strong sex pheromone to lure males for mating. The
long-lived adult males and females feed, and males generally
produce an aggregation pheromone to attract other males or
both males and females. Females of these species often pro-
duce sex pheromones.

Polyene hydrocarbons and epoxides are used as pheromone
components and sex attractants by the microlepidopteran fam-
ilies, Geometridae, Noctuidae, Arctiidae, and Lymantriidae.
They are different from the 10-18-carbon acetates, aldehydes,
and alcohols commonly produced in other species, and consti-
tute a second major class of lepidopteran pheromones. These
are biosynthesized and characterized by 17—23-carbon straight
chain, and are used in pheromone blends and converted to
many of the known pheromone compounds. Another group of
semiochemicals are parapheromones, which are synthesized
compounds structurally related to natural pheromone com-
ponents. Parapheromones show a large variety of effects, and
have been used as agonists and inhibitors. They can replace
pheromones when these are costly to prepare or unstable in
field conditions.

Pest status and pest control

Insecticidal gas

Methyl bromide is a fumigant insecticide that rapidly kills
insects, mites, and nematodes. It penetrates substrates inclu-
ding soil and wood, it usually does not stain or taint commodi-
ties, and is noncorrosive and nonflammable. It has a boiling
point of 3.6 °C and is colorless and odorless at concentrations
used for fumigation. Chloropicrin is sometimes added at 2% as
awarning indicator when this methyl bromide is used in struc-
tures. The mode of action is damage to nerve cell membranes,
and it reacts with sulflhydryl groups in proteins. Insects usu-
ally die within 24 h of exposure, but mortality may be delayed
1—2 days. In 1992 it was listed as an ozone-depleting substance
under the Montreal Protocol on Substances that Deplete the
Ozone Layer, and all developed countries are scheduled to elim-
inate the majority of their use of this chemical by 2005.

Sulfuryl fluoride is a fumigant gas used to control house-
hold, structural, and stored-product pests. This chemical is
not combustible. It has a vapor pressure of 13 442 mmHg at
25°C,and aboiling pointof —5.4 °C at 760 mmHg. The critical
route of exposure is through inhalation and the threshold limit
value is 5 ppm. Under practical conditions, sulfuryl fluoride
is fully oxidized in the atmosphere and does not interact with
ozone. Itreadily penetrates most materials, and has no adverse
affects on metals. Sulfuryl fluoride is odorless and colorless,
and a small quantity of chloropicrin is used with it as a warn-
ing agent. Mode of action is by disrupting the glycolysis cycle,
thereby depriving the animal’s body of metabolic energy. Mor-
tality may be delayed for several days, depending on the animal
species.

Phosphine (hydrogen phosphine) is the common name for
the active ingredient released from the metal phosphides, alu-
minum phosphide, and magnesium phosphide. This fumigant
is highly toxic, and a concentration of 400 ppm is lethal to
insects, humans, and other forms of life. It will corrode metals
and may ignite in air at concentrations above its flammable
limit of 1.8%. Phosphine has a detectable odor for humans
at concentrations as low as 0.018 ppm; normally the gas can
be detected before it can cause serious effects. The mode of
action includes the nervous system, paralysis of the spiracu-
lar muscles to prevent respiration in insects, and the enzyme
cytochrome oxidase system is attacked. Exposure periods of
1-5 days are necessary to control most insect pests.

Physical modifications

Physical alteration of urban structures or other features of the
habitat can reduce or prevent access by pest arthropods, or
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limit harborage and breeding sites. Methods such as the use
of screens, caulking, removing moisture, limiting wood—soil
contact, and other traditional methods are effective. Screening
prevents flying insects and some soil-inhabiting insects, such
as subterranean termites, from entering buildings. Screen spe-
cifications for excluding house flies and similar-sized species
are: mesh #10, aperture length 2.27 mm excludes house flies;
mesh #16, aperture length 1.30 mm excludes most mosquitoes;
and, mesh #20, aperture length 0.853 excludes ceratopogonid
(Ceratopogonidae) flies. Traps based on light, ultraviolet light,
carbon dioxide, pheromones, and other chemical scents can
be used for local and area-wide insect control.

Ultraviolet (UV) light traps for flies and other insects utilize
their sensitivity to this portion of the light spectrum. UV light
is classified as light that has a wavelength between 100 and
400 nm. Blue light has a wavelength of 450—-500 nm, green
light 500-560 nm, orange 600—650 nm, and red 650—700 nm.
The UV light bulbs used in insect light traps have an internal
coating which gives off ultraviolet light when the tube is lit.
The coating breaks down over time and eventually the UV light
generated is notsufficient to attractinsects. The tube, however,
continues to give off normal, visible light. UV light is usually
divided into three categories: UVA, which has light frequency
of 315—400 nm; UVB, which has a frequency of 280—315 nm;
and UVC, which has a frequency of 100—280 nm. UVC light is
frequently used for its germicidal properties, and UVB is the
sun-tanning light emitted by the sun. The UVA wavelengths
are used in insect light traps, and are harmless to humans. The
optimum range for attracting insects is 350—370 nm, but some
insects are attracted to wavelengths near 500 nm. Some species
of midges (Chironomidae) are attracted to light in the near-UV
region of 300-390 nm. Many species, representative of most
orders, are sensitive to UV light, and some significant beha-
vioral responses are initiated by it. Some insects are negatively
phototactic to UV light; for example, when given a choice, ants
will congregate in a region not illuminated by UV.

Sound (wingbeat sounds) has been used as a component of
insect traps, typically for mosquitoes and chironomids. Wave-
lengths are somewhat species-specific and may be combined
with UV radiation to increase effectiveness in traps. Sinusoidal
sounds 210-300 Hz are effective in attracting male Chironomus
plumosus, a common chironomid pest around the world. Fre-
quencies between 240 and 270 Hz are attractive to C. dissidens,
and 150-180 Hz was attractive to males of Propsilocerus akamusi
(Chironomidae).

Air currents have a long history of use as a barrier in prevent-
ing the entry of flying insects into buildings or other confined
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spaces. The house fly is the primary target, and velocities effec-
tive for this insect are generally effective for others. Effective-
ness is achieved when air is discharged atavelocity in the range
of 457-670 m/min, ata 15° angle. For the house fly, 92% exclu-
sion can be obtained when air is discharged at 546.5 m/min,
and 80% exclusion is achieved with 529 m/min.

Volatile oils and other chemicals in personal-use mosquito
repellents function as a chemical barrier to host-seeking
females. Bednets treated with (pyrethroid) insecticides are an
effective barrier between humans and the mosquito vectors of
various diseases. Other barriers for mosquito control include
the use of polystyrene beads in potable water supplies to reduce
the potential breeding of Culex quinquefasciatus and Cx. pipiens.

Physical barriers can limit or prevent subterranean termites
from entering structures from soil nests. Barriers consisting
of soil particles of specific sizes can be used to prevent species
of subterranean termites from tunneling through the material
and gaining access to structural wood. Termites are unable to
move particles larger than about 1 mm diameter; as particle
size increases, so does the size of the space between the parti-
cles. Particles about 3 mm diameter provide interspaces large
enough to allow workers to crawl through. Effective termite-
barrier sand has particles 1-3 mm diameter, or no larger and
no smaller than that able to pass through a 16-mesh screen.
Sand smaller than 16-mesh can be carried away by workers,
and larger particles can support tunnel construction. For Reti-
culitermes hesperus the effective sand particle size is 1.6—2.5 mm;
for R. flavipes the effective aquarium sand particle size is
1.4—3.35 mm; and for Coptotermes formosanus sand blast particles
1.4—2.36 mm are effective in establishing a barrier.

Stainless-steel screen, with a mesh of 35-mesh material with
an aperture size 0f 0.66 x 0.45 mm, in large continuous sheets
and placed over building foundations, prevents movement of
termites from soil to above-ground wood. To be effective the
screen must be flexible to be molded around all potential entry
points; a high-quality 316 marine-grade stainless steel is used.
Similarly, insecticide-impregnated plastic sheeting that covers
the subslab soil, oras a fitting around pipes and other building-
construction features, forms a barrier to subterranean termites.
It is placed as a continuous sheet beneath the foundation.

Modified environments

Heatorcold canbeused to eliminate oratleastslow theincrease
of populations of stored-product insect pests. Ideal conditions
forstored-productinsects are 25—32 °Cand 65-75% RH. Above
and below this range insect growth and fitness are reduced, and
in extreme conditions insects die. Most stored-product insects
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are killed when exposed to 40 °C for 24 h, 45 °C for 12 h, 50 °C
for 5 min, 55 °C for 1 min, or 60 °C for 30 s. Among the beetles,
Lasioderma serricorne and Rhyzopertha dominica are highly toler-
ant of heat, while Sitophilus spp. and Tribolium castaneum are
moderately tolerant. Acclimation to heat can occur. Briefexpo-
sures to 35—40 °C can increase survival of insects to subsequent
exposure to higher temperatures, but above 55 °C there is little
difference between acclimated and unacclimated individuals.

A temperature of —18 °C kills most stored product insects
within 2—3 min. However, Sitophilus granarius can reproduce at
15 °C, and the rusty grain beetle, Cryptolestes ferrugineus, can sur-
vive exposures to —12 °C after a 4-week acclimation at 15 °C.
Exposure of Anobium eggs to —14°C produces 99% mortal-
ity. Continuous exposure at —20 °C for 2—3 weeks is lethal to
all stages of clothes moth species, carpet beetles, and other
dermestids.

Exposure to —15 °C for 10 h is lethal to Pediculus spp. eggs,
and exposure to —15 °C for 2 h is lethal to adult lice; exposure
to —17°C for 2 h is lethal to Cimex spp. adults. As tempera-
tures approach o°C, the time required to kill many species
increases to about 50 days. During a short exposure to a high
temperature, some insects, especially those with a large body,
are somewhat cooled by the water evaporating from their body.
Hot and moist air reduces the amount of cooling by evapora-
tion and is the most effective method of using heat. Hot air is
lethal for Pediculus spp. eggs exposed to 50 °C for 0.5 h, and
lethal to adults exposed to 46 °C for 1 h. It is lethal to Cimex spp.
eggs exposed to 45 °C for 1 h, and to adults exposed to 44 °C
for 1 h. Cold temperatures have a similar effect on these two
species.

Modified atmosphere generally refers to alteration of the
gaseous environment in which an insect lives. Typically, it is
produced artificially and maintained by enveloping an object
or structure with a gas such as carbon dioxide or nitrogen. The
source of the gas is usually a pressurized container, and it is
important to maintain a nearly stable concentration. Applica-
tion of modified atmospheres has been to control stored-food
pests, and to remove insects from museum specimens, archival
and library material. A high percentage of carbon dioxide cou-
pled with limiting the oxygen concentration in the air space to
10—20% will kill insects in stored grain without damaging the
product.

Temperature coupled with low levels of oxygen can control
some insects. Food pests die within 30 days when exposed to
low amounts of oxygen at 15 °C, and they die within 2—3 days at
30°C. As exposure temperature increases from 32 to 43 °C in
99% nitrogen (low oxygen), the time required to kill all stages
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of the cigarette beetle, Lasioderma serricorne, decreases from g6
to 24 h. An oxygen level of 0.3% is lethal to Anthrenus museorum
inabout 32 h, and lethal to Attagenus woodroffei and A. smirnovi in
about 88 h. Lethal time for larvae of Anthrenus verbasci and Reesa
vespulae is about 44 h, and for Trogoderma angustum it is about
57 h. Exposure of 7-14-days at 0.4% oxygen Kkills Tineola
bisselliella, Lasioderma serricorne, Anthrenus vorax, and Stegobium
paniceum. For structural pests, an atmosphere of 1% oxygen Kills
old house borer and powderpost beetle adults within 20 days;
however, theyarenotkilled at80% carbon dioxide. The powder-
postbeetle, Lyctus brunneus, is killed after a 7-14-day exposure at
0.4% oxygen. Exposure time necessary to produce death is
generally decreased by raising the temperature, by adding
5% carbon dioxide, or by decreasing relative humidity (RH).
In general, lethal time increases with increasing RH in atmo-
spheres with a low percentage of oxygen. Exposure for 48 h in
0.32% oxygen and 33% RH provides 94% mortality of cigarette
beetle larvae, but only 25% mortality at 75% RH. Increas-
ing exposure temperature generally decreases lethal exposure
time. The minimum exposure time of 45 min is required to
kill the drywood termite Incisitermes minor and carpenter ant
Camponotus vicinus at 48.9 °C and 49% RH.
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Introduction

Cockroaches are primarily tropical and subtropical insects, but
they occurinnearlyall of the climatic regions of the world. Most
ofthe approximately 4000 described species live in small popu-
lations in forest habitats, some little-known species are semi-
aquatic, some are cave-dwelling, and a small number of species
are associated with the nests of other insects. They are predom-
inantly nocturnal and vegetarian, but many adjust their habits
and food preferences to fit environmental conditions and avail-
ablefoodresources. Cockroaches asa group are one of the most
primitive winged insects, and seem to have remained in primi-
tive habitats and undergone little morphological change since
the Carboniferous geological period, about 250 million years
ago. It is their association with decaying organic matter and
humid conditions that maintains some species in the urban
environment. Some have adapted to living indoors, but in this
habitat they generally select sites that provide the temperature
and humidity features of their natural habitat.

Adults are 10-50 mm long, brown to blackish brown or
black, generally oval, and dorsoventrally flattened. Eyes are
large and there are two ocelli, antennae are filiform and usually
aslongasorlongerthan thebody. The head is usually concealed
from above by a large pronotum, and chewing mouthparts are
directed downwards. Legs have strong spines and setae, and
the tarsi are five-segmented. Wings are present in most adults;
the front wings are usually thickened and they overlap when
closed over the abdomen. The hind wings may be large and
fan-like when extended. Winged species are usually capable
of directed and sustained flight or gliding. Some cockroaches
are brachypterous, and females of many species have shorter
wings than males. Nymphs are similar to adults except for
their size and the absence of wings. Eggs of all cockroaches
are enclosed within a covering, the eggcase or ootheca. This
is a hard and protective shell, or it is reduced in thickness and
unseen becauseitis within the female, oritencloses only part of
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the eggs. The number of eggs per ootheca ranges from 12 to 40,
but not all the eggs will hatch to produce live nymphs. When
incubation is complete the nymphs swallow air to increase their
body size, and the collective expansion of their bodies splits
the ootheca along a dorsal seam or ridge. Nymphs emerge
enclosed in an embryonic cuticle, but this is shed immediately.
There are 5—12 nymph stages, depending on species and sex.
Adults are usually long-lived, some for up to 2.5 years.

A relatively small number, considering the large number
of species, of cockroaches have adapted to peridomestic and
domestic habitats. Their synanthropic association and success
may be due to egg-laying and feeding habits, and some physio-
logical features. The habitat preferences of species in tropical
Africa and Asia probably brought them into close contact with
human dwellings. Some Periplaneta and Blattella species occur
in caves and feed on animal waste or other organic matter. They
may have become associated with humans using caves as tem-
porary living or storage space. Periplaneta eggcases or gravid
B. germanica females could have easily moved with household
materials from cave dwellings to outdoor shelters.

The behavioral responses of cockroaches to disturbances
influence their ability to tolerate transportation. Those species
with evasive behavior patterns in response to slight disturbance
would be less likely to be transported by commerce. Physio-
logical preadaptations to household conditions would have
included temperature and humidity tolerances, and viability on
diets that were limited to human food and food scraps. How-
ever, cockroach pestspecies are not tolerant of all the variations
in the living space. P. americana and P. fuliginosa are restricted
to warm and humid habitats because of their temperature-
dependentdevelopment, and their relatively high cuticular per-
meability, which makes them susceptible towaterloss. The per-
meability of their cuticle severely limits their tolerance to dry
conditions. B. germanica is relatively restricted to humid loca-
tions indoors, such askitchens and bathrooms, and is generally
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not known to breed outdoors where it occurs as a domiciliary
pest.

Food includes a variety of plant and animal materials in
the immediate habitat. Although they are considered omnivor-
ous, a balance of carbohydrates, proteins, and fats is ingested.
Food location and selection involve chemoreceptors that are
located on the antennae and the mouthparts. In general, cock-
roaches prefer food in which the carbohydrate contentis higher
than fat and protein. For German and oriental cockroaches,
rapid development and low nymph mortality occur on a diet of
22-24% protein, and for the American cockroach, 49-79%
protein provided favorable development. Female B. germanica
compensate for low dietary nitrogen (5% protein) by increas-
ing consumption rates, but elevated dietary nitrogen (65%
protein) results in delayed mating and smaller than normal
oothecae. In this species, the relatively small size of the female
in proportion to the ootheca produced requires that about
90% of her food reserves be incorporated into the ootheca.
Food availability often controls the reproductive cycle, and in
B. germanica females, peaks in feeding and drinking occur dur-
ing egg maturation, and reduced food and water foraging when
they carry the ootheca. Food availability influences the growth
and molting of nymphs. Bacterial symbionts in specialized cells
or bacteriocytes within the fat body increase the metabolic
capabilities of cockroaches. Without these microorganisms
cockroach development and reproduction are prolonged or
disrupted, and mortality is increased. The symbionts have a
role in uric acid metabolism and the formation of amino acid
precursors for hemolymph proteins essential for egg develop-
ment. The hindgut contains various symbiotic and parasitic
microorganisms.

Pest status

Pest status is primarily limited to the domiciliary and a few of
the peridomesticspecies. Those cockroaches that primarilylive
outdoors may sometimes occur indoors. Some of the indoors
species rarely move outdoors, except in their original habitat.
These characteristics may indirectly indicate the adaptability
of some species, and their original environment. Species of
Periplaneta and Blatta typically occur in outdoor populations,
but they may become established indoors, or include indoor
habitats when foraging from outdoors. The survival of these
species is not linked to human activity. They are members of
reservoir populations away from buildings that are sustained
habitats with adequate food and harborage. These and other
peridomestic species are characterized by their relatively large
size, lengthy development period, low reproductive potential,
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and mobility. Blattella and Supella species in the urban envi-
ronment are domestic and only find suitable habitats indoors.
They are closely associated with food, harborage, and condi-
tions provided by humans. These species are typically small,
have a relatively short development time from egg to adult, a
high reproductive potential, and only limited natural mobility.

Pathogenic organisms that naturally infect domiciliary cock-
roaches include viruses and species of protozoa, bacteria,
fungi, and helminths. Feeding and movement habits of cock-
roaches in the urban environment bring them into contact
with a wide range of decaying organic matter, and provide
the potential of spreading organisms that are encountered.
Mechanical carrying and transferring organisms are facilitated
by the spines and setae on legs and tarsi of adult and nymph
cockroaches. Grooming their legs is an important behavior,
and potentially transfers pathogenic organisms from the tarsi
to the mouthparts and from there to the foregut. While feed-
ing, cockroaches often regurgitate digestive fluid that contains
organisms ingested in a previous meal. The habit of defecating
as they rest, move about the habitat, and while feeding spreads
pathogens to surfaces in the living space, including areas of
food preparation and storage. Domiciliary cockroaches may
not be the prime means of spread and cause of specific disease
outbreaks, but they have habits that give them the potential of
being chronic carriers of various pathogenic organisms.

A large number of microbes that are pathogenic to humans
have been isolated from field-collected cockroaches. B. german-
ica, P. americana, and other species that feed on decaying organic
matter, feces, or inhabit sewers have the potential of acquiring
and carrying organisms pathogenic to humans. In some cases,
cockroaches may be involved as a vector of disease pathogens.
Bacteria associated with cockroaches include:

Alcaligens faecalis
Bacillus subtilis
Bacillus cereus
Campylobacter
jejuni
Clostridium
novii
Clostridium
perfringens
Enterobacter
aerogenes
Escherichia coli
Klebsiella
pneumoniae

Mycobacterium
leprae
Proteus morgani
Proteus mirabilis
Proteus rettgeri
Proteus vulgaris
Salmonella bareilly
Salmonella
bovis-motbificans
Salmonella bredeny
Salmonella newport
Salmonella
oranienburg
Salmonella panama

Salmonella
paratyphi-B
Salmonella typhi
Salmonella
typhimurium
Serratia marcescens
Shigella dysenteriae
Staphylococcus
aureus
Streptococcus faecalis
Streptococcus
pyogenes
Vibrio spp.
Yersinia pestis
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Fungi and molds isolated from field-collected cockroaches
include:
Alternaria spp.

Candida tropicalis Rhizopus spp.

Aspergillus niger Cladosporium spp. Rhodotorula rubra
Aspergillus flavus Fusarium spp. Trichoderma
Aspergillus fumigatis ~ Geotrichum viride

Candida krusei candidum Trichosporon
Candida Mucor spp. cutaneum

paraspilosis Penicillum spp.

Helminth species isolated from field-collected cockroaches
include Ancylostomo duodenale, Ascaris lumbricoides, Enterobium ver-
micularis, Hymenolopsis spp., Necator americanus, and Trichuris
trichiura; protozoans include Entamoeba histolytica and Giardia
spp.; and viruses include hepatitus and poliomyelitis.

Atleast 11 proteins from German and American cockroaches
can cause allergic reactions and contribute to respiratory
asthma in humans. Allergenic proteins from cockroaches are
contained in cast skins of nymphs, fragments of antennae, legs
and wings, excrement, pieces of partially consumed food, and
living cockroaches. These allergens are heat-stable and persis-
tent in the living space. Hypersensitization to these proteins
occurs by inhalation of airborne allergens, such as dry feces, or
through dermal contact with allergen-contaminated surfaces,
or possibly by ingesting food contaminated with cockroach
body fragments or feces. If cockroaches are present in the liv-
ing or workspace, allergens are almost certainly present, and
these proteins are produced throughout the life of the insect.
Some will persist in infested harborages after the death of the
insect, and long after the cockroach infestation has been con-
trolled or eliminated.

Human encounters with cockroaches include incidences of
biting. There are reports of cockroaches that gnawed the cal-
lused portions of skin, fingernails and toenails, and eyelashes
of people, sometimes children, while they were sleeping. Peri-
planeta species are often implicated in gnawing on calluses, and
causing small wounds on soft skin on the face of children. The
bites and wounds were probably accidental and inflicted while
feeding on small amounts of food that remained around the
mouth and chin of these individuals. Cockroach behavior does
not include aggressive biting of humans or other animals. The
cockroach mite Pimeliaphilus cunliffei (Pterogosomatidae) is an
obligatory parasite of cockroaches. It feeds on live individuals,
and cannot survive on cast skins or dead cockroaches. This
mite has been linked to bites of humans living in households
with cockroach infestations.
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Development and distribution

Growth is relatively slow. Small-sized species usually mature
more rapidly and have shorter lives than large species. The
first few molts tend to occur at regular intervals, whereas later
ones are often irregular and dependent on habitat and food.
Duration of early instars is usually shorter than late instars,
and depending on conditions the late stages can be extended
many months. Under adverse conditions, such as low tempera-
tures or limited food and water, nymphs nearly stop develop-
ment. For most species, the molts, especially the last, occur in
a secluded harborage, and the tanning and hardening of the
cuticle are completed in a few hours. Adults and large nymphs
often cannibalize other individuals in the harborage during
tanning.

Egg-laying habits of cockroaches can be considered in an
evolutionary series. It begins with the species that deposit
thick-walled oothecae, which are unattended by the female, and
extends to thin-walled and slightly sclerotized oothecaretained
within the female’s body until the developing nymphs are pre-
pared to hatch. Females of many species deposit the ootheca
soon after it is formed, while others carry it until the eggs com-
plete development, and the females of other species retract
the formed ootheca into a brood sac and eggs complete devel-
opment there. Oviparous species deposit the recently formed
ootheca, or turn the ootheca on its side and retain it in the
female’s genital chamber prior to deposition. Oothecae that
are deposited soon after formation, such as those of the Amer-
ican and oriental cockroach, are tanned and hardened capsules
that protect the developing eggs. Oothecae that are turned on
their side and retained by the female are permeable to water
provided by the female’s body. In oviparous species, the dor-
sal edge of the ootheca is formed into a series of respiratory
chambers, usually one per egg, which admit air to the devel-
oping embryo (Fig. 4.1). Nymphs hatch from the eggcase by
increasing their body size with a small amount of air; this
spreads apart the dorsal edge of the eggcase for the nymphs
to exit.

Ovoviviparous species, such as the Madeira and lobster cock-
roach, retract the developed ootheca into a specialized brood
sacinthe female’s abdomen. Hatching occurs within the brood
sac, either while the ootheca is being extruded, or shortly after
itis deposited by the female. Oothecae of ovoviviparous species
are thin-walled to allow for the transfer of water to the devel-
oping embryos. Viviparous development occurs in Diploptera
species, the most common of which is D. punctata. The ootheca
ofthis species protrudes from the female’s abdomen fora short
time before it is turned on its side and then withdrawn into the
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Figure 4.1 Blattaria oothecae. (a) Blatta lateralis; (b) B. orientalis;
(c) Periplaneta americana; (d) P. brunnea; (e) P.fuliginosa; (f) B. germanica;
(g) Parcoblatta spp.; (h) Supella longipalpa.

brood sac and absorbed. The developing embryos are provided
water and nutrients, and the nymphs hatch from the female’s
abdomen.

Early-stage nymphs resemble adult males in having abdom-
inal sterna 8 and g visible, and g with styles. In females, these
sterna gradually disappear from view and they are incorpor-
ated into the genital atrium. The number of segments of
the antenna and cerci usually increase from stage to stage.
First- and last-stage nymphs of some domiciliary cockroaches
are distinctly colored or banded, and these characteristics
are useful for species identification. In winged species, the
wing buds appear late in development; usually this condition
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distinguishes late-stage nymphs, and wings appear on adults.
Adults of brachypterous species, and short-winged females of
some winged species are sometimes difficult to distinguish
from large nymphs.

Aggregation is an important behavior of most cockroaches.
First-stage nymphs remain close to the ootheca or the oviposit-
ing female, as in ovoviviparous species Rhyparobia maderae
and Nauphoeta cinera. Adult Blattella germanica and Periplan-
eta americana secrete an aggregation pheromone in the feces.
Aggregation pheromone in P. americana attracts at low concen-
trations, and acts to inhibit movement at high concentrations.
Pheromones probably function to mark suitable harborages or
successful foraging routes, oviposition sites, or act to reduce
crowding in favorable harborage sites. The odor of cockroach
feces detected by humans is not a necessary component of the
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aggregation pheromone. Purified extracts that are perceived
as odorless by humans are as attractive to cockroaches as the
odorous material.

Mating in cockroaches is usually preceded by a simple
courtship behavior, and typically itinvolves volatile and contact
pheromones. These chemicals stimulate males to sexual excite-
ment, which is usually characterized by wing fluttering and
attempts at copulation, with males as well as females. P. ameri-
cana males begin searching for a female within 20 min of being
exposed toasex pheromone. Theadult male oriental cockroach
responds to the American cockroach sex pheromone, and the
male American cockroach responds to high concentrations of
the oriental cockroach pheromone. In B. germanica there seem
to be several short-range and contact pheromones involved in
mating. Chemically, these pheromones are some of the largest
among all known sex pheromones. During cockroach mating,
the male and female are linked end to end, and copulation lasts
from several minutes to several hours.

Males form a spermatophore and it is transferred during
copulation to the female genital atrium. The empty sper-
matophore is discarded after a few hours or days, and before
the female mates again. Subsequent ingestion of the sper-
matophore, into which the male has incorporated urates, by
female B. germanica provides required nitrogen-based nutrients
important for oothecae production. Parthenogenesis occurs
regularly in some cockroach species or strains, such as in Pyc-
noscelus surinamensis strains in temperate regions. Parthenogen-
esis is known for some Periplaneta species, but the resulting
adult cockroaches are abnormal and unable to reproduce.

Distribution of the principal domiciliary cockroaches is not
indicative of their origin. Most pest species are native to north-
ern tropical regions of Africa and southern Asia, and their
present geographic range is indicative of their association
with humans and their ability to adapt to alternative environ-
ments. Scientific and common names of species such as Peri-
planeta americana, P. australasiae, Blattella germanica, and Blatta
orientalis are misleading, and not linked to their origin or
predominant distribution. Commercial shipping of people,
possessions, and food material was probably the major dis-
persal mechanism for these and the other domestic and peri-
domestic cockroach species. Spice, dye, aromatics, and fab-
ric traders moved their material by ship from ports in southern
Asia. These goods moved to the Mediterranean and into central
Europe through a network of food warehouses that provided
conditions suitable for survival of cockroaches and other six-
and four-legged pests. Seaport storage in Asia and the east-
ern Mediterranean often combined warehouse and lodging.

39

Under this arrangement, cockroaches that flourished in ships
that came from tropical regions might find indoor habitats
with temperatures and humidity suitable for survival, and the
opportunity to spread further with household goods. Domi-
ciliary cockroaches moved then and now from warehouses to
markets and from markets to households, following a network
of habitats and reservoir populations.

Predators and parasites

Natural enemies of cockroaches include a variety of predators
and parasites. Vertebrate predators include frogs, fish, rep-
tiles, birds, and mammals. Among arthropods, the predators
include dragonflies, mantids, reduviid bugs, carabid beetles,
wasps, ants, scorpions, house centipedes, and spiders. Spi-
ders found associated with cockroaches include the theridiid,
Steatoda grossa, and the sparassid, Heteropoda venatoria in Hawaii.
German cockroach populations often sustain the protozoan
parasite, Nephridiophaga blattellae and the parasitic nematode,
Blattacola blattae. The mite, Pimeliaphilus cunliffei (Pterygo-
somatidae) is an obligatory parasite of several species of
cockroaches.

Hymenoptera egg parasites attack several cockroach
species. Encyritidae: Comperia merceti is apparently limited to
parasitizing the brownbanded cockroach, Supella longipalpa. It
has been successful in management programs for this cock-
roach. Eupelmidae: Anastatus blattidarium is a parasite of the
brownbanded cockroach. Eulophidae: Aprostocetus hagenowii
attacks eggs of Blattella germanica, Blatta orientalis, Periplaneta
americana, P. fuliginosa, and P. australasiae. Evaniidae: ensign
wasps Evania appendigaster and E. punctata parasitize Periplaneta
spp. and oriental cockroach. Hymenoptera predators of cock-
roaches are notlimited to species occurring indoors, butattack
insideand outside structures. Ampulicidae: Ampulex compressa is
a cockroach-hunting wasp that is endemic in India and south
Asia and extends into Africa and China. These wasps attack
Periplaneta americana and P. australasiae, and often enter houses
in search of their prey. They do not form nests but, after the
female has stung the prey, itis dragged away to a hole or crevice.
Ampulexand arelated genus, Dolichurus, occur in central Europe.
In Australia, species of Aphelotoma are predators of cockroaches
in outdoor habitats. Sphecidae: Tachyspex lativalvis and others
in this widespread genus attack cockroaches.

Cannibalism is known to occur in several cockroach species.
Adult Periplaneta feed on eggcases in their habitat, and
adults and nymphs of Blattella and Blatta feed on injured or
weak individuals in crowded harborages, presumably where
these individuals have little room to escape. Adult German
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cockroaches, and to a lesser degree nymphs, feed on molt-
ing individuals, but usually only nymphs older than the third-
instar nymph. Late-stage nymphs are the subjects of attack,
and molting adults usually suffer the greatest attack and mor-
tality. There is apparently no correlation between population
density and cannibalism in Blattella germanica.

Classification

Current classification of cockroaches is based on adult mor-
phology and egg-laying characteristics. The features used to
establish the relationships are female genitalia and its mus-
culature, the external male genitalia, structural aspects of the
proventriculus (gizzard), and female egg-laying behavior. The
order Blatteria is subdivided into two superfamilies, Blattoidea
and Blaberoidea, which are further subdivided into five fami-
lies and 20 superfamilies. Cockroach evolution seems to have
followed two divergent lines, which are represented by the
two superfamilies. The small superfamily, Blattoidea, includes
many pest species: Blatta orientalis, Eurycotis floridana, Neosty-
lopyga rhombifolia, Periplaneta americana, P. australasiae, P. brun-
nea, P. fuliginosa, and P. japonica. Females of these and other
Blattoidea species do not turn the ootheca in the female gen-
ital chamber after it is formed. One of the most primitive liv-
ing cockroaches is Cryptocercus punctulatus. It is a wood-eating
species in the Blattoidea family Cryptocercidae. Blaberoidea is
a large superfamily with many genera and species distributed
worldwide. Females in the majority of Blattellidae families turn
the ootheca after it is formed (Plectopterinae, represented by
Supella longipalpa, are the exception), and female Blaberidae
turn and retract the ootheca into a genital chamber, and eggs
are incubated internally.

Common names for cockroaches often indicate their habits,
location of their natural habitat, or the suspected location of
their origin. Because they are common household pests around
the world, common names are often regional and difficult to
chronicle. The common names used here are considered the
most frequently used.

Blaberidae

These cockroaches are ovoviviparous; they turn and retract the
formed oothecaand incubate itinternally. In general, the repro-
ductive potential of females is limited and nymphs develop
slowly; some species are parthenogenetic. The legs are usually
short and the femora of the front leg has one or more, short,
robust spines. Many species have a hard and pitted integument
and are adapted for burrowing.

Blattaria
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Figure 4.2 Blattaria: Blaberidae. (a) Blabers craniifer male;
(b) B. craniifer nymph; (c) B. discoidalis male; (d) B. giganteus male.

C

Death’s-head cockroach, Blaberus craniifer (Fig.4.2a,b) Adult
males are 43—50 mm long and females are 55—-60 mm long;
the body is brown to blackish brown. Wings extend by about
one-third beyond the tip of the abdomen; front wings are dark
brown to blackish brown, except for a pale brown region adja-
cent to the pronotum. The pronotum is large and has a wide,
pale brown margin; the center is dark brown with yellowish-
brown markings. Femora 1 has robust spines on the ventral
margin; femora 2 and 3 have spines on the ventral margin.
Pronotum markings and cuticle formation somewhat resem-
ble human eyes, nose, and mouth. This feature is the origin of
the common name. Nymphs have a large pronotum; yellowish
orange spots are on the pronotum, thorax, and abdominal ter-
gites. The ootheca is about 20 mm long and lightly sclerotized;
itis pale brown to light brown and indentations show the posi-
tion of the eggs; a distinct keel is absent. The ootheca con-
tains about 34 eggs, and when formed it is retracted into the
brood chamber. Development is completed in 257-277 days at
30—36 °C and there are g—11 instars. Adults live 420—480 days.
Natural habitats include ground vegetation and under rotting
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logs in wet forested areas, and in caves; they feed on plant
material. In the urban environment, they occur in restaurants,
food stores, and in houses. B. craniifer secretes an aggregation
pheromone from mandibular glands, and this may promote
large infestations in favorable harborages. This species occurs
in the American tropics. It is established in southern Florida,
whereitoccurs in firewood piles, refuse, and around buildings.
This species is a household pestin Santiago, Chile and Havana,
Cuba; it occurs in Mexico, Belize, and Dominican Republic.
Adults are attracted to lights at night in Brazil.

During courtship the male of B. craniifer stands near a female
and slightly raises his abdomen on his legs and makes trem-
bling movements with the abdomen. Sometimes the male
butts the female with his head or pronotum. The male moves
his abdomen under the female, so that the female straddles
the male abdomen. Once the male genitalia connect with the
females, the pair move in opposite directions. They remain
joined for about 4 h.

other Blaberus There are several species that occur in the
urban or agricultural environments. In the natural environ-
ment, B. discoidalis (Fig. 4.2c) has been taken under bark of
a dead tree; in the urban environment it occurs in restau-
rants and food stores in Ecuador, in houses in West Indies
and Puerto Rico. It is distributed throughout Central America.
This species is also known from Cuba and Jamaica, and may
be established in the USA, in Key West, Florida. B. giganteus
(Fig. 4.2d) adults are 70-8o mm long; the front wings are pale
brown and nearly translucent. Nymph developmentis 140—200
daysat3o °Cand 60%relative humidity (RH); adults live as long
as 600 days. B. atropos is native to South America, and has the
death’s-head markings on the mesonotum and metanotum;
along with B. boliviensis it has been found associated with
bananas.

Calolampra irrorata  Adult males are about 24 mm long and
speckled brown; the head is not completely concealed by the
pronotum; the mid and hind femora have spines. The wings
extend beyond the tip of the abdomen. The female is about
20 mm long and 15 mm wide, and wingless. The females are
usually in soil, but the males are active flyers, and are attracted
to lights at night. This species occurs in Australia, and it was
first collected in 1770 during Cook’s first voyage to Australia.

Hissing cockroach, Gromphadotina laevigata Adults are
about 6 cm long and the body is covered with scaly granu-
lations. Males and females are wingless and somewhat slow-
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moving. Males are distinguished by a large round tubercle on
each side of the pronotum, and a pair of styles at the end of
the abdomen. The thoracic tubercles are used to batter other
males as a part of courtship behavior. Adults and nymphs have
strong spines on their legs. Disturbed adults and nymphs or
males encountering other males make a hissing sound. This
is produced when air is forcibly squeezed out of the spiracles
on abdominal segment 2. Hissing sounds may also serve to
attract females. The ootheca is 30-32 mm long and contains
32—48 eggs. The female produces an ootheca in 2—3 h, after
which it extends about 25 mm from the tip of her abdomen.
Then itis slowly drawn back into the internal brood sac, which
is large and extends into the metathorax. Eggs are incubated
internally for about 70 days, and nymphs hatch and exit the
female’s body over a period of about 2 days. Newly emerged
nymphs usually remain grouped around and under the female
for a short period. Natural habitats for this cockroach include
wet or moist leaf litter; it is not known to be a household pest.
This species is native to Madagascar.

Madagascan hissing cockroach, Gromphadorina portentosa
Adults are about 10 cm long and blackish brown. Males and
females are wingless. Similar to G. laevigata, when disturbed
the adults and nymphs make a hissing sound. This is produced
when air is forcibly squeezed out of the spiracles on abdomi-
nal segment 2. This species provides a form of maternal provi-
sioning of newly hatched nymphs. Shortly after expelling the
hatching ootheca, the female exudes from her abdominal tip a
pale white substance. The newly hatched nymphs actively feed
on this material. Integumentary gland cells lining the brood
sac are the most likely source of the secretion. This species is
sometimes sold commercially as a household pet. This species
is native to Madagascar.

other Gromphadorina This genus is native to Madagascar,
and species are not known to occur naturally outside this loca-
tion. Several species are used for physiological research and
various educational exhibits and demonstrations, including
G. coguereliana, and G. portentosa.

Lobster cockroach, Nauphoeta cinerea (Fig. 4.3a, b) Adults
are 25—29 mm long and light gray. Wings are mottled or speck-
led, and do not cover the abdomen. The pronotum is pale
brown and has irregular brown markings and a submarginal
black band on each side; the posterior margin is rounded. The
pronotum usually has a lobster-like color pattern, which is the
origin of its common name. Nymphs have pale markings on
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Figure 4.3
(b) N.cinera nymph; (c) Rhyparobia maderae male; (d) R. maderae nymph.

Blattaria: Blaberidae. (a) Nauphoeta cinera female;

the anterolateral margins of the abdominal tergites. The
ootheca is 15-18 mm long, pale brown and curved; there are
distinct indentations showing the position of the eggs. The
ootheca contains 26—40 eggs and it is carried internally 36 days
until the eggs hatch; fecundity is 1—6 broods. Nymphs hatch as
the female extrudes the ootheca from the brood sac; they shed
their embryonic membrane as they hatch, and eat both it and
the ootheca. In the laboratory, the number of nymphs hatching
increases from about 20 for the first eggcase to about 30 from
the third, and then decreases. Newly hatched nymphs usually
crawl beneath the female and remain there for about 1 h after
hatching. Nymph development in isolation in the laboratory
at 30—36 °C includes seven instars and takes about 73 days for
males, and eight instars and about g4 days for females. Devel-
opmentin groups of nymphs takes about 72 days for males and
about 85 days for females. Adult life span is about 344 days for
females and about 365 days for males. The interval between the
molt to adult and the production of the first ootheca is about
13 days. Males stridulate when courting nonreceptive females.
The sound is produced by ridges laterally on the hind margin of
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the pronotum, which move against the costal vein at the base
of the wings.

Natural habitats for this species are outdoor sites where it
feeds on plant and animal materials. It is known to kill and
eatindividuals of the Cypress cockroach, Diploptera punctata. In
the urban environment, it lives primarily around the outside of
buildings, but occurs in houses and hospitals in Australia, and
household huts in Sudan. Infesting populations occur in mills
processing animal feeds, and in feed-storage rooms of com-
mercial poultry operations. This species seems to prefer food
containing fish oil. Itis occasionally introduced into temperate
regions with food materials and has been recorded in the UK
and Germany in heated buildings. N. cinerea is probably native to
East Africa, below the equator. It likely spread to other regions
through trading ships and commerce. It was introduced into
Brazil from Africa, and into Mexico from the Philippines. Cur-
rent distribution is tropical regions of the world, including
South America (Brazil), Cuba, West Indies, Mexico, Galapagos
Islands, Hawaii, Australia, Philippines, Indonesia, Malaysia,
Singapore, Mauritius, and Madagascar. It is established in the
USA, around Tampa, Florida.

Cuban cockroach, banana cockroach, green cockroach, Pan-
chlora nivea (Fig. 4.4e, f) Adults are 15-20 mm long. The
body is somewhat flattened, and light or pale green to yellow-
ish green (specimens in alcohol do not show the pale green
color); integument is slightly translucent. Cerci are short and
blunt, and the supraanal plate (epiproct) is distinctly bilobed.
Wings extend beyond theabdomen in both sexes; cerciare short
and broad. Nymphs are pale brown and somewhat flattened.
The ootheca is 3-4 mm long and curved; it has indentations
showing the position of the eggs. The ootheca contains about
46 eggs, and it is carried internally in the female until the eggs
hatchinabout 48 days at 24 °C. The interval between the oothe-
cae production is about 63 days. Development in the laboratory
at 24 °C takes about 144 days for males and about 181 days for
females. Females live about 153 days at 24 °C. Courtship beha-
vior is limited: the male moves his body sideways for several
minutes, moves behind and backs up to the female to engage
her genitalia, and then transfers a spermatophore.

Natural habitats include under the rotting bark of palm and
coconut trees, and in moist shaded areas with abundant leaf
litter; it is commonly found with bananas. In the urban envi-
ronment, it occurs in peridomestic habitats, and it is attracted
to lights indoors and outdoors. It does not infest structures.
This species has been introduced to various parts of the world
with shipments of bananas and other fruits. It is distributed
in the western hemisphere tropics, and has been recorded
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Figure 4.4 Blattaria: Blaberidae. (a) Pycnoscelus indicus male;
(b) P.indicus female; (c) P. surinamensis nymph; (d) P. surinamensis male;
(e) Panchlora nivea male, posterior abdominal segments and supraanal
plate; (f) P. nivea male.

from Mexico, Cuba, Puerto Rico, Trinidad, Greater Antilles,
and Bahamas. It is widely distributed in Central America and
northern South America. It is established along the Gulf Coast
of the USA, from Texas to Florida.

Panchlora irrorata Adult males are about 14 mm long and
females are about 20 mm long. The body is flattened and light
green to yellowish green; the integument is slightly translu-
cent. The species name means sprinkled with dew, and
probably refers to the integument. Wings extend beyond the
abdomen in both sexes; antennae are not longer than the body.
Last-instar nymphs are about 15 mm long and brown. The
ootheca is 3—4 mm long, thin-walled and colorless; it is car-
ried internally until the eggs hatch. The ootheca contains about
12—48 eggs, thenumber of undeveloped eggs ranges from 1-24;
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hatching occurs in about 63 days. Development in the labor-
atory takes about 196 days for males and about 207 days for
females; adult males live about 108 days and females for about
130 days. Male courting behavior begins with rocking his body
sideways; he then moves behind the female. When the male and
femaleareinalinear position, end to end, he moves backwards,
towards the female to make genital contact. Copulation lasts
20—25 min. This species is distributed in the Central Ameri-
can tropics, but it is carried to other regions on shipments of
bananas or other fruits.

surinam cockroach, Pycnoscelus surinamensis (Fig. 4.4¢, d)
Adults are 18—25 mm long. The body is dark and shiny brown
to blackish brown. The pronotum is blackish brown, except
for the anterior margin, which is pale brown. Wings are light
brown, which gives the insect a bicolored appearance. Wings
extend to the tip of the abdomen in both sexes; antennae are
about one-third the length of the body. Thorax and abdom-
inal segments 1—3 are glossy, but the dorsum of the termi-
nal abdominal segments is dull and granulated. Nymphs are
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uniformly dark brown. The ootheca is 12—15 mm long and pale
yellow to pale brown and membranous; it lacks a distinct keel
and it is slightly curved; there are indentations showing the
position of the eggs. The ootheca contains 14—48 eggs and
it is carried internally until the eggs hatch in about 35 days
at 18-34 °C; fecundity is 1—5 oothecae. Nymphs hatch as the
female extrudes the ootheca from the brood sac. Development
is through 8-10 instars and lasts 127-184 days at 18—24 °C.
Adult females live about 307 days. In parthenogenetic popula-
tions, the first ootheca is formed about 7 days after the final
molt. There are parthenogenetic and bisexual regional popu-
lations of P. surinamensis. Males are not known to occur in pop-
ulations in the UK, continental Europe, and mainland USA.
However, Hawaiian and some Asian populations are apparently
bisexual.

In natural habitats adults and nymphs occur under stones,
and all stages burrow in loose litter and in the top layer of soil;
they occur in nests of wood rats in Texas. They feed on plants
and cause economic damage to potato tubers in Haiti, pine-
apple roots in Hawaii, and tobacco plants in Sumatra. In the
urban environment, this cockroach is common around build-
ings in warm climates. It occurs in greenhouses in parts of
the USA, where it cannot live outdoors; it is occasionally found
around potted plantsin shopping malls, hotellobbies, and sim-
ilarlocations. Adults and nymphs penetrate and find harborage
in loose soil to a depth of 8-10 cm. P. surinamensis can be car-
ried in nursery stock and house plants to regions outside its
normal range. This species is probably native to the islands of
the Malay Archipelago, now it is widely distributed in tropical
and temperate regions. It is known from England, Scotland,
and Germany; in North America it occurs in Texas, Florida,
Louisiana, and South Carolina. Itis established in Hawaii, and
there is an isolated population in an urban area near Palm
Springs, California. Bisexual populations are sometimes des-
ignated as P. indicus (Fig. 4.4a, b).

Madeira cockroach, Rhyparobia maderae (= Leucophaea)
(Fig. 4.3¢, d) Adults are 40-50 mm long and pale brown to
light green, and slightly mottled. The posterior two-thirds of
the front wings have a fishnet appearance. Wings cover the
abdomen and there are two dark brown, curved lines at the base
of the front wings. The pronotum and front wing margins are
translucent. The male has a specialized organ on abdominal
segment 2. Femur 1 lacks strong spines on the ventral margin,
only a row of fine setae. Adults are slow-moving but readily
fly; they emit an offensive odor. Adults stridulate by moving
the posterior margin of the pronotum over the mesonotum.
Nymphs have shortspines along the dorsal posterior margin of
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each segment. Oothecae are 16-19 mm long, yellowish brown,
and there are slight indentations showing the position of the
eggs. The ootheca contains about 34 eggs and it is carried
internally for 58—60 days. Nymph development in isolation in
the laboratory at 30-36 °C includes seven instars and takes
about 127 days for males, and eight instars and about 163 days
for females. Development in groups of nymphs is complete
in about 121 days for males, and about 150 days for females.
Adult life span may be 2.5 years. Courtship begins with the
male moving next to the female and rapidly moving his body up
and down. In some instances the male raises the anterior por-
tion of his body and strikes his abdomen against the sub-
strate to produce a tapping sound. Adults mate 1o-14 days
after maturation, and the first ootheca appears in about 20
days.

In natural habitats in tropical regions this species occurs in
large populations and feeds on plant material, including fruits
such as banana and grapes. Banana is apparently a favorite
food, and R. maderae is transported to other regions with ship-
ments of this fruit. In the urban environment, it occurs indoors
in Madeira, Windward Islands, Philippines, and Trinidad; in
Puerto Rico, it is found in fruit stores, warehouses, and food
markets. It is established in some heated buildings in New
York City. It was probably introduced accidentally in house-
hold materials carried by immigrants from Puerto Rico. This
species was first described from the island of Madeira, which
is the origin of its common name. It is probably native to West
Africa, south ofthe Sahara, where thereare several other species
of this genus. Current distribution of this species is most of
the tropical regions of the world. This species occurs along the
western coast of Africa, and itis established in Morocco, Spain,
and Corsica. It is established in West Indies, Cuba, Jamaica,
Puerto Rico, and Greater and Lesser Antilles. In South Amer-
ica, it occurs in coastal Brazil. It is known from Philippines,
Indonesia, and Hawaii.

otherBlaberidae Most of the species in this family are minor
pests and occur only occasionally indoors. Epilampyra maya
has been reported from aquatic and moist habitats in Cen-
tral America, and it occurs in and around houses in Acadia,
Florida. Phoetalia pallida is widely distributed in the tropics,
and it occurs in and around structures in the West Indies and
the USA (Florida).

Blattellidae

These cockroaches carry the eggcase externally. The majority of
species turn the eggcase on its side after formation. This posi-
tion is more streamlined and probably maintains their ability
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to move into narrow harborages. These cockroaches are char-
acterized by legs that are long, slender, and with small and
large spines; the ventral surface of the tarsi has spines. Many
species have fully developed wings, but some have reduced
wings in one or both sexes. Sternum 7 of the female is broad
and rounded, not divided into lobes or valves. Tergum 10 of
both sexes is usually triangular, and with long, tapering cerci.

Asiablatta kyotensis Adult males are 14-18 mm long and
females are 16-18 mm long. The body is reddish brown; the
legs and antennae are brown. Male antennae are about equal
to body length; female antennae are slightly longer than the
body. The ootheca contains about 32 eggs and hatching occurs
in about 41 days at 25°C. The ootheca surface has about
30 distinct longitudinal ridges extending from end to end.
Theseridges mayberesponsive to environmental humidity, and
have a role in providing water to developing embryos. Nymph
development is about 150 days, but extends to 2 years in dry
habitats. Adult males live about 92 days and females live about
109 days. Natural habitats include moist or damp locations.
This species was first described from Kyoto, Japan, but it is
distributed in several areas of Japan and Korea.

Asian cockroach, Blattella asahinai Adults are 12-16 mm
long; the body is light brown or yellowish brown and females
are slightly darker than males. Wings cover the abdomen of
the female and all except the tip of the male abdomen. Male
front wings are about 3.3 mm wide and 11.6 mm long; female
front wings are about 3.4 mm wide and 12 mm long. Males
and females are capable of directed and sustained flight. This
species closely resembles B. germanica, but is distinguished by
its flight capabilities and morphological features. The prono-
tum of adults and nymphs has two longitudinal, parallel black
bands. The ootheca is 6—8 mm long and brown; there are dis-
tinct indentations outlining each egg. Nymphs are blackish
brown to black; the margins of abdominal segments are pale
brown. Adults mate soon after maturation; the first ootheca
appears in about 14 days, and it is carried until just prior to
hatching. The initial preoviposition period is about 13 days
and successive preoviposition periods are about 8 days. The
ootheca contains 38—44 eggs; incubation is about 20 days at
about 25 °C. Fecundity in the laboratory is 5—6 oothecae; in the
field it is 1—2 oothecae. Nymph development at 25 °C is about
66 days for males and 68 days for females. Adult males live
about 45 days and females about 103 days.

Natural habitats include grassy areas and leaf litter; they
feed on dead insects, pollen and nectar in plants, and on
honeydew. In the urban environment, they occur outdoors in
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vegetation. Adults fly to reflected light, such as illuminated
areas and light-colored walls adjacent to a light source. They
are capable of moving 10—200 m or more in controlled flight
from wooded or grassy areas toward illuminated buildings.
Flights occur at sunset if the temperature is 21 °C or above, and
winds are light. Once indoors, they usually occur in moistloca-
tions, such as in kitchens and bathrooms, and in potted plants.
B. asahinai was described in 1981 from sugarcane fields in
Okinawa Island, Japan. It is widely distributed in Asia, inclu-
ding China, Malaysia, Myanmar, and India. Itwas firstrecorded
in the western hemisphere in 1985-1986 near Lakeland,
Florida. The original distribution area extended about 50 km,
from the portof Tampa northeast to Lakeland. Habitats in three
counties were initially infested, but by early 1989 there were 10
counties infested. Field populations of this species range from
30 000 to nearly 300 ooo individuals per 0.4 ha.

German cockroach, Blattella germanica (Fig. 4.1f; 4.5a, b, f)
Adults are 13—16 mm long, light brown to yellowish brown, and
females are slightly darker than males. The pronotum has two
reddish brown to black longitudinal stripes; the extent of the
stripes is variable. The wings cover the abdomen of the female
and all except the tip of the male abdomen; male frontwings are
about2.8 mmwide and 10.6 mm long, while female frontwings
areabout 3.1 mm wide and 11.2 mm long. The female abdomen
is darker brown and much more round than that of the male.
Powered flight is rare, but gliding flight is possible, espe-
cially for males. Male cerci are 11-segmented, and female cerci
are 12-segmented. Nymphs are generally black; the margins of
abdomen are brown and with a light stripe to the mid-dorsum.
First-stage nymphs are 2—3 mm long and the body is dark gray
or nearly black. Thoracic segments 2 and 3 are pale brown,
and this band characterizes the newly emerged nymph. In
late-stage nymphs the pale brown band narrows and extends
in both directions to become a median longitudinal stripe.
The ootheca is 7-9 mm long, and with indentations showing
the position of the eggs. The ootheca contains 35-48 eggs, and
hatching is in about 14 days at 35 °C; fecundity is 4-8 oothecae,
but g may be produced in some field strains. Females produced
27.9 nymphs per ootheca in summer and 9.7 in winter. After
ootheca 4, the number of eggs per ootheca declines, and by
ootheca 7 and 8 the eggs per ootheca is about 75% of the ini-
tial number. Once formed, the ootheca is turned so the keel
is directed sideways, to the right or left, and it is carried until
egg development is complete. Eggs become desiccated if the
ootheca is removed from the female prematurely. The end of
the ootheca thatis held by the female is not as sclerotized as the
other end, and itis permeable to water. The ootheca is provided
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Figure 4.5 Blattaria: Blattidae. (a) Blattella germanica male; (b) B. ger-
manica male; (c) Ectobius sylvestris male; (d) B. vega, head anterior;
(e) B. vega male, supraanal plate; (f) B. germanica male, supraanal
plate; (g) E. pallidus male; (h) E. lapponicus male; (i) E. lapponicus female.

with water by the female and this is critical for development.
A few days before hatching a green band of dark spots of con-
densed yolk develops along each side of the ootheca. The band
intensifies as the time of hatching approaches. At thattime, the
female deposits the eggcase, and hatching occurs within 24 h;
hatching may occur while the female is carrying the eggcase.
Development is 54—215 days at 24 °C, and 60 days for males
and 65 days for females at 35 °C and 9go—95% RH. Gregarious
behavior of nymphs, which is encouraged by an aggregation

pheromone, favors their growth and development. The number
of nymph stages is 5—7 in males and 6—7 in females. Nymphs
with relatively small bodies undergo six molts and those with
large bodies have five molts. Adults mate 7—10 days after mat-
uration. Males mate often; females in field populations mate
once or twice. Adults live about 200 days at 21 °C. Survival with-
out food or water at 27 °C is about 8 days for males and 12 days
for females; survival with water is 1o days for males and 42 days
for females.

Natural habitats for this species are probably moist leaflitter
in forested areas; however there are not known natural popu-
lations. Related species in southern Asia occur in caves and
in ground debris. In the urban environment this species lives
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only indoors. In tropical climates, it prefers indoor sites with
high humidity, food, and harborage. Adults can move about
in space 1.6 mm in width or depth, but they seem to pre-
fer harborages that are 4.8 mm. The spatial distribution of
adults and nymphs is influenced by the aggregation behavior
induced by a pheromone. Occupied harborages are marked
with the pheromones contained in the feces, and the behavior-
manipulating substance remains active for atleast the period of
one generation of B. germanica. The concentration of aggrega-
tion pheromone may regulate the density of individuals in local
harborages. A repellent reaction occurs when the concentra-
tion of aggregation increases above a certain level, and individ-
uals disperse rather than aggregate. Short migrations ofa large
number of individuals have been reported, but this behavior
is not common. Distances covered by migrations range from
500 m to 1 km, and the migrating groups consist mainly of
adult females.

Sexually mature male German cockroaches are generally
capable of distinguishing between adult males and females,
probably based on volatile and contact sex pheromones pro-
duced by the female. When a male B. germanica encounters
another German cockroach, he investigates it with his anten-
nae. If the other is a mature female he touches the female’s
body with his antennae. They then rub each other’s antennae
in a vibrating manner while in a head-to-head position. After
a sideways motion of the abdomen, the male turns around
and positions the tip of his abdomen close to the head of the
female. At this time he extends his wings upward to nearly
a right angle to its body. The factor responsible for eliciting
the wing-raising behavior in males is a sex pheromone con-
tained in the cuticle wax of fully developed virgin females. The
raised wings expose the male abdomen, and the female pal-
pates with her mouthparts the small glands on abdominal ter-
gites 7 and 8, and she imbibes the material excreted from these
tergal glands. After this the male moves his abdomen under
the female, and extends his genitalia to contact the female’s
genitalia. Once joined, the male moves out from under the
female, and they remain attached in a linear position for about
9o min.

The success of this cosmopolitan species as a domestic
pest is linked to features of its biology and habits, and to
some of the physical and environmental features common
to human dwellings around the world. Adults and nymphs
are relatively small and able to utilize the cracks and crevices
common in households. Female fecundity and the number
of eggs per ootheca are high, and the limited activity of
gravid females increases the potential success of each ootheca.
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B. germanica has the unique capacity among cockroaches to
develop physiologicaland behavioral resistance to insecticides.
It seems to have the ability to acquire resistance to repre-
sentatives of nearly all the major classes of chemical insecti-
cides. Theresistance-related mechanisms utilized by this cock-
roach include enhanced metabolic degradation, reduced rates
of cuticular penetration, diminished target site sensitivity, and
behavioral changes thatenable avoidance of pesticide residues.
In many cases, several of these resistance factors exist concur-
rently. High levels of resistance in this cockroach may be short-
lived, but low-level resistance may persist in field populations.

Blattella nipponica Adults are 12-14 mm long and the body
is brown to dark brown. It closely resembles B. germanica,
except that the adults fly readily. The preferred habitat is under
leaves in forested areas, and under decayed vegetation in cul-
tivated areas in central Japan. The ootheca is about 6 mm
long and contains 12—43 eggs. Hatching occurs in 17 (June) to
42 (September) days; fecundity is about five oothecae. Adults
emerge in early June, and first-stage nymphs occur in July and
September. There is one generation per year, and the adults live
5—6 months.

Field cockroach, Blattella vega (Fig. 4.5d, e) Adults are
10-12 mm long. The body is yellowish brown, and with a
dark brown to black region between the eyes and extending
to the mouthparts. Longitudinal stripes on the pronotum are
blackish brown, widely separated and sharply defined. Nymphs
are pale yellow, and have dark brown cerci; large nymphs are
yellowish orange. The ootheca is 5-6 mm long, light brown,
and with distinct indications of the egg compartments. The
first three oothecae contain about 28 eggs, but the number of
eggs per ootheca drops in the succeeding oothecae. The inter-
val between oothecae is about 24 days. Hatching is in about
20 days; fecundity is 1-8 oothecae. Development takes 45-56
days at 30—36 °C; at 30 °C males develop in about 60 days and
females in about 54 days. Newly hatched and small nymphs
sometimes crawl on the back of females. Adults live 100-150
days. Adults mate 3—5 days after maturation, and an ootheca
appears 2—3 days later.

Natural habitats include under stones, and in moist leaf lit-
ter where it feeds on decaying vegetation; it has been found
in desert locations. Recent records from eastern Texas and
southwestern Louisiana are from salt marsh or coastal habi-
tats. In the agricultural environment, B. vega occurs in irrigated
fields. In the urban environment, it occurs around the perim-
eter of buildings and moves indoors during dry weather. It is
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active during the day, but also occurs at streetlights at night.
This species is probably native to semiarid regions of south-
ern Asia; it occurs in Afghanistan, India, Pakistan, Sri Lanka,
Mexico, and in southwestern USA. Itis frequently found in irri-
gated fields in southern Arizona and adjacentareas in southern
California.

other Blattella There are more than 40 species in this genus
worldwide. Species are distributed from southern Asia, Japan,
various Indo-Malaysian and Pacific islands, and Africa; and
including several species from Africa, now placed in the genus
Symploce. Most of these species occur outdoors and are not
domiciliary pests. B. lituricollis occurs in Myanmar, China,
Taiwan, Philippines, and on various islands north to Japan and
east to Hawaii. It is occasionally a household pest, though
it occurs mostly outdoors. It occurs in Hawaiian agricultural
fields, and sometimes enters buildings. In Japan, it occurs
around the outside of buildings, and indoors in kitchens.

Tawny cockroach, spotted Mediterranean cockroach, Ectobius
pallidus (Fig. 4.58) Adults are 8—9 mm long and uniformly
pale brown. Wings extend to the tip of abdomen in both sexes;
males and females are capable of flying. Front wings are wide
and extend over the edges of the thorax and abdomen; there
is a triangular area at the tip of the hind wings without veins
and cross-veins. Nymphs are pale brown to dark brown. The
ootheca is 2—3 mm long and dark brown; the ventral surface
usually has a distinct longitudinal concavity (visible in ven-
tral view) where the sides join. The keel has rounded teeth.
The ootheca is turned on its side and carried by the female for
1—-2 days. Oothecae are produced in falland deposited in leaflit-
ter, and hatching occurs the following spring. Nymphs develop
through 5-6 instars during the spring and summer; nymphs
overwinter and become adults the following spring. Natural
habitats include wooded sites, but also grassy areas, heaths,
and sand dunes. This species does not usually live in the urban
environment, but they fly to lights at night. It occurs in western,
central, and southern Europe. In the USA, it has been found in
Massachusetts and Michigan.

other Ectobius These cockroaches live outdoors and only
occasionally enter structures. E. lapponicus (Fig. 4.5h, i) adults
areaboutro mmlong;the males are dark brown and the females
are pale brown. Wings of the female do not cover the abdomen.
The male has long wings, is capable of flight, and may occur
indoors. This species occurs in Europe, including southern
UK. E. panzeri adults are 5—7 mm long and pale brown to dark
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brown. The male wings extend to the tip of the abdomen; the
female has shortwings. This species occurs primarily in coastal
regions of Europe. E. sylvestris (Fig. 4.5¢), the forest cockroach,
is closely related to E. pallidus and may occur indoors.

Nicaraguan cockroach, Ischnoptera bergrothi Adults are
15-18 mm long. The body is reddish brown dorsally and black
ventrally; the pronotum has two distinct spots. Wings cover
the body; both sexes are strong flyers. Nymphs are similar to
adults. This species is native to Central America, from Panama
to Nicaragua, but also occurs in outdoor populations along
the Gulf and lower Atlantic coastal plain from Texas to Geor-
gia and Florida. Indoor infestations are not common, but they
fly to lights at night and occur around the outside of struc-
tures. A related species, I. nox, is primarily tropical and is cur-
rently known from Panama and Florida. In Fort Lauderdale,
Florida, populations occur on extensively landscaped grounds
of resorts.

Pennsylvania woods cockroach, Parcoblatta pennsylvanica
(Fig. 4.6b, ¢) Adult males are 22-30 mm and females are
13—20 mm long. Males and females are light brown, and the
thorax and front wings have pale brown margins. Wings of
the male extend to the tip of the abdomen; female wings are
usually small pads and of variable length; only the males fly.
Nymphs are dark brown. The ootheca is 10-12 mm long and
yellowish brown, ithas a distinctkeel, and there are indications
of the egg compartments. The ootheca contains 32-36 eggs,
and about 26 eggs hatch in 32—-36 days at 24—27 °C. Oothe-
cae are produced every 5—9 days and they are carried for 1—3
days; fecundity is about 30 oothecae. Nymphs hatch in sum-
mer and usually overwinter and complete development in the
spring of the following year. Under unfavorable conditions,
development is completed later in the second year.

Natural habitats include moist leaf litter and under the bark
of decaying logs in hardwood and pine forests of eastern
USA, and in undisturbed areas. In the urban environment this
species occurs around the perimeter of buildings, in wood-
piles and accumulated forest debris. They live around out-
buildings in suburban areas. Males have long wings and are
capable of flights over 30 m. This species is attracted to lights
at night. Males occur around the outside of structures and
indoors in May and June; females are abundant in July. Females
and nymphs may be carried indoors with firewood or other
material. These cockroaches rarely persist indoors, perhaps
because of their high humidity requirements and food prefer-
ences. Nymphs remain active throughout the year, even ato °C.
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Figure 4.6 Blattaria: Blattellidae. (a) Parcoblatta virginica male;
(b) P. pennsylvanica male; (c) P. pennsylvanica female; (d) Supella longi-
palpa male; (e) S. longipalpa female.

P. pennsylvanica is widely distributed in the eastern and southern
USA, and it occurs in southeastern Canada.

other Parcoblatta Species in this genus are common in
wooded areas in North America. They are found in decaying
logs, under the bark of dead or down trees, and in woodpiles.
These cockroaches are often attracted to lights at night. Adults
and oothecae (Fig. 4.1g) can be accidentally carried indoors
with firewood. There are 12 described Parcoblatta species, but
aside from P. pennsylvanica, only a few are known to be asso-
ciated with buildings or occur indoors. P. americana occurs in
Mexico and southwestern USA and it is occasionally reported
near buildings and at lights. P. divisa occurs in southeastern
USA and west to Texas and Kansas. It is sometimes reported
invading houses built in wooded areas. P. lata and P. virginica
(Fig. 4.6a) occur in eastern USA and have been reported
indoors, at lights, and under wooden signs on trees.

New Zealand black cockroach, kokoroihi, Platyzosteria
novae-seelandiae (= P. novae-zealandiae) This species is
uniformly blackish brown, and brachypterous. Adults and
nymphs occur under loose bark of trees and down logs, or
among stones on the ground; they are sometimes carried
indoors. They are predaceous on other insects. This species
occurs in New Zealand.

Australian woods cockroach, Shawella couloniana Adult
males are 15-18 mm long and females are 20-22 mm long;
both sexes are shiny and uniformly dark brown. Wings of the
male cover about half of the abdominal segments, while wings
ofthe female coverthe basal 2—3 abdominal segments. Nymphs
are shining, dark brown. The ootheca is 6—8 mm long, brown,
and contains about 20 eggs. This species is limited to sites
in Australia and New Zealand. It is an outdoor species, but
occasionally occurs indoors.

Brownbanded cockroach, Supella longipalpa (Fig. 4.1h;
4.6d, e) Adult males are 13-14.5 mm long and females are
11-12 mm long; the body is brown to yellowish brown, and
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with distinct pale brown banding. Nymphs and adults have
long palps. Wings of the male cover the abdomen, but rarely
reach the tip of the abdomen in the female. Adult males fly
readily when disturbed, but females do not fly. Pronotum lat-
eral edges are translucent, the remainder is dark; the pronotum
often has a paleareain the center. The common nameis derived
from two dark brown, transverse bands on the mesonotum and
abdominal tergites. Nymphs are banded light and dark brown;
one band is across the posterior margin of the mesonotum, the
other across abdominal segment one, and extends dorsolater-
ally along the next few segments.

The ootheca is about 4 mm long, brown to reddish brown,
and has a prominent keel; it is curved and there are inden-
tations showing the position of the eggs. The ootheca con-
tains 14-18 eggs; hatching occurs in about g6 days at 23 °C,
74 days at 25°C, 43 days at 27.5°C, and 37 days at 30°C.
The number of eggs per ootheca remains nearly unchanged
during the life of the female. Fecundity is 10—20 oothecae. The
oothecais deposited 24—36 h after development, and the female
glues it to the substrate. Many females often deposit oothecae
at the same location. In large, household infestations, there
may be clusters of large numbers of oothecae. Nymph
development in isolation in the laboratory at 30°C includes
eightinstars and lasts about 114 days for males, and six instars
and about 69 days for females. Development in groups of
nymphs is about 54 days for males and about 56 days for
females. Nymph development is about 161 days for males
and 162 days for females at 23 °C, and at 29 °C it is go days
for males and g5 days for females. Optimum development is
above 27 °C. Adult life span is about 115 days for males and
go days for females. Adults mate 3—5 days after maturation,
and the first ootheca appears in 7-10 days. Survival without
food or water at 27 °C is about g days for males and 12 days for
females; survival with water is 10 days for males and 14 days for
females.

Natural habitats are probably leaf litter in nonforested
regions of Africa north of the Equator. In the urban envi-
ronment, it occurs outdoors and indoors; in warm climates,
it is abundant year-round. In infested buildings and houses
it often inhabits all rooms, and is common on furniture
and in drawers of chests, and this habit has earned it the
common name of furniture cockroach (supellex, Latin for house-
hold goods and furniture). It seems to prefer locations high
on the walls of heated rooms, and favored oviposition sites
include behind picture frames. Males often fly around lights
in houses, and they have been observed flying outdoors during
the day.
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This cockroach was described as Blatta longipalpa in 1798
from eastern India. It was described again in 1838 as Blatta
supellectilum from specimens collected in Mauritius. Evidence
from related species and early records of B. longipalpa indicates
that it is native to Africa. It was in Cuba in 1862, and intro-
duced into North America (Florida) in about 1903; it spread to
nearly all the contiguous states by 1967. It was first recorded
in Australia in 1924, and in the UK after 1960.

Symploce pallens (= Symploce lita) Adults are 13-16 mm
long and uniformly brown. Wings of the male extend to the
tip of the abdomen, and female wings extend to a third of
the abdomen. Male abdominal segment 6 has a setose and
slightly sculptured area. This species is distributed in the trop-
ical regions of the world, and is a pest in Malaysia and other
southeastern Asian countries; it is also known from the USA.
It occurs in structures in Key West, Florida.

other Blattellidae Cariblatta lutea is known from Cuba and
southeastern USA. It has been found around houses and dis-
turbed areas, particularly in lawns and in leaf litter. Euthlasto-
blatta gemma occurs in the Bahamas and southeastern USA. It
occurs in arboreal habitats, such as behind wooden signs on
trees, and in and around houses in southern Georgia. Latiblat-
tella rehni occurs in the Bahamas, Cuba, and northern Florida,
where it has been found in house attics. Lupparia vilis adults
are 1o—12 mm long, brown, and distinctly flattened. It occurs
in Iwo Jima, China, Thailand, Malaysia, and Indonesia; it has
been reported as a household pest in Iwo Jima.
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These cockroaches carry the ootheca uprightand without turn-
ing after it is formed. Species in this family are characterized
by the presence of spines on the anterior margin of the front
femur; the mid and hind femora have spines on the anterior
and posterior margin. Sternum 7 of the female is large; its
posterior edge is modified to form two lobes or valves, and
these lobes are partly separated from the remainder of the ster-
num by a transverse suture. Tergum 10 of both sexes is rect-
angular, rounded, or triangular; the cerci are often short and
flattened.

Turkestan cockroach, Blatta lateralis (= Blatta tartara,
Shelfordella tartara) (Fig. 4.1a; 4.7b, ¢) Adult males are
19—23 mm long and females are 22—25 mm long. The male
is light brown to yellowish brown; the pronotum is reddish
brown centrally, and has wide margins of transparent yellow.
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Male supraanal plate (epiproct) has the apex broadly notched.
Wings extend beyond the abdomen; the outer margins of the
wings are pale yellow. Female is blackish brown to black and
brachypterous. Pronotum has pale yellow wing stripes and
scattered yellow markings. The front wings of the female are
separated by a distance less than the width of the wing. Both
sexes are capable of flying. Large nymphs have the anterior half
of'the body yellowish red; the posterior halfis dark brown. The
ootheca is g—12 mm long, brown to blackish brown, rounded
at one end, and dorsally truncated at the other end. Nymphs
develop in 118-137 days at 30—35 °C. Adults live about 1 year.
Natural populations of this species occur in desert regions
in North Africa, from Libya eastward to Asia. In the urban
environment, it occurs around the outside of buildings and
in underground pipes of sewer systems. It is distributed in
Egypt, Saudi Arabia, the Sudan, Israel, and Iran, Iraq, and
Afghanistan. It may have been introduced to the USA on mil-
itary equipment from the Middle East. It is known to occur
indoors and outdoors in Texas, and other sites in southwestern
USA.

oriental cockroach, waterbug, Blatta orientalis (Fig. 4.1b;
4.7a) Adultmalesarery7.5-28.7 mmlongand females are 20—
27 mm long. The body is shiny, and reddish brown to blackish
brown. Wings of the male cover two-thirds of the abdomen,
while female wings extend slightly past the thorax; neither
sex is capable of flying. Tarsi of adult females and nymphs
have areduced arolium. Without this cushion-like pad between
the claws, they have difficulty climbing smooth surfaces. The
arolium is of variable size in adult males. Nymphs are red-
dish brown; first-instar nymphs are about 6 mm long and pale
brown. The ootheca is 10-12 mm long and blackish brown;
egg compartments are not distinct. The ootheca contains
16-18 eggs, and hatching occurs in 42 days at 29.5°C and
81 days at 21 °C. Females do not produce oothecae in envi-
ronments where the temperature is 15 °C or below. Oothecae
lose viability when exposed to temperatures of o °C or below.
Oothecae are produced at intervals of 1—2 weeks; fecundity is
6—8 oothecae. Females carry the ootheca for about 30 h after
it is formed. Then it is deposited or attached to the substrate
in a protected location. Nymph development is through 7-10
instars; at 22 °C it takes 515 days for males and 542 days for
females; at 28 °C it is 288 days for males and 310 days for
females; and at 30 °C it is 164 days for males and 282 days for
females. Females live 35-190 days, males 112—-160 days. Adults
appear in May or June, and die in July or August. Parthenogen-
esis occurs, and some of the eggs in these oothecae develop
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Figure 4.7 Blattaria: Blattidae. (a) Blatta orientalis male; (b) B. later-
alis adult, pronotum and elytra portion; (c) B. lateralis male, supraanal
plate.

and hatch; the resulting nymphs are females. A small num-
ber of these nymphs reach maturity. Survival without food
or water at 27 °C is about 11 days for males and 13 days for
females; survival with water is 20 days for males and 32 days for
females.

During courtship the male moves around the female with his
abdomen extended. When the male is in front of the female,
he backs under her. As the female’s head advances along the
male’s abdomen, he raises and expands both pairs of wings,
and the female’s mouthparts contact the male’s abdominal
segments. Then he continues to extend his abdomen under
the female and brings his genitalia to contact hers, and if suc-
cessful, he turns from under the female and the joined pair
face in opposite directions. The mating process lasts about
1h. When the ootheca firstemerges from the tip of the female’s
abdomen it is yellowish white, and then turns reddish brown.
It is not turned and the keel remains upright. Formation of
the ootheca is completed in 24 h, and it is carried usually 1—2
days, and up to 7 days before it is deposited. It is placed in a
sheltered place or the female attaches it to a substrate with an
oral secretion. Oothecae may be partially or completely covered
with small particles of debris from the substrate.

Natural habitats for this species probably include leaf litter
and debris in areas with warm summer temperatures and a
moderate winter. Natural populations occur on the Crimean
Peninsula and in the region around the Black Sea and Caspian
Sea. In the urban environment, it occurs indoors and out-
doors. Large populations are typically in basements, cellars,
crawl spaces, and in underground sewer pipes, and urban
landfills. An aggregation pheromone in the feces promotes
large populations and crowding in suitable harborages, and
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probably reduces the movement of adults and large nymphs.
The association with cool and damp basements is probably
the origin of the common name, waterbug. The preferred tem-
perature range for B. orientalis is 20—29 °C, and this species is
most common in north temperate regions, and less in trop-
ical regions. Adults and large nymphs are active in early spring
when daytime temperatures are 10-15 °C. Activity and pest sta-
tus of this cockroach usually peak in the spring, typically from
May to early July, when adults and nymphs move indoors.

Gisborne cockroach, Cutilia semivitta (= Drymaplanta)
Adultsareabout 40 mmlongand 12 mmwide; they are wingless
and somewhat flattened. Body is shiny, dark reddish brown to
black and with a pale yellow to white band on the sides of the
thorax. Nymphs are light brown dorsally and yellowish brown
ventrally. This species lives outdoors in cracks and crevices in
rotting wood in natural areas; in the urban environment it is
found in and around poultry houses, dog kennels, and under
debris around buildings. It was introduced to New Zealand
from Australia, and first found in Gisborne. It is now spread
over the North Island and in environs of Nelson, South Island.
It may occur indoors during winter months.

stinking cockroach, Florida wood cockroach, Eurycotis flori-
dana Adults are 30—40 mm long. The body is dark brown to
blackish brown; recently molted individuals are reddish brown.
Front wings extend slightly past the mesonotum, while hind
wings are absent; the adults do not fly. The first segment of
the hind tarsus is shorter than segments 2—5 combined, and
the pulvilli of segments 2 and 3 are large. The male has short
cerci and the supraanal plate (epiproct) is slightly notched.
Medium and large nymphs have yellow margins on the meso-
and metathorax. Adults mate about 18 days after maturation,
and the first ootheca appears in about 55 days. The ootheca is
14-16 mm long, dark brown, and has distinct indentations
that show the position of the eggs. The ootheca contains
21-23eggs, and oothecaeare produced inabout8-dayintervals;
hatching occurs in about 50 days at 30—36 °C. In natural habi-
tats, oothecae are often buried in the soil or in decaying logs.
Parthenogenesis occurs in this species, but the nymphs do
not develop to adults. Nymph development is 286—302 days
at 27 °C. Adults, but not the nymphs, emit an extremely foul
odorous secretion when disturbed. This secretion is produced
by glandular cells and stored as a yellow liquid in a bilobed
sac; it is ejected through a pore in the sternal, intersegmental
membrane of abdominal segments 6 and 7. A liquid spray can
be ejected 2—3 cm to about 1 m. The spray irritates the eyes of
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humans, and it is toxic to the cockroach if it is confined in a
small container.

During courtship the wingless male stands near the female
and repeatedly moves his body from side to side. While doing
this, he extends his abdomen slightly to expose the interseg-
mental membrane between abdominal segments 6 and 7. The
female applies her mouthparts to the male’s dorsum starting
near the end of the abdomen, and progressing up to abdominal
segment 1, on which is located a small glandular area bearing
a patch of setae. While the female is palpating the glandular
area, the male couples his genitalia with hers.

Natural habitats for this species include the cavities under
the bark and the decaying holes in dead trees, stumps, and
woodpiles, and sometimes in leaf litter. In the urban environ-
ment, it occasionally enters buildings, but it does not become
established indoors. Eurycotus species occur in West Indies and
tropical regions of Central and South America. E. floridana is
recorded from USA, specifically Florida, Georgia, Alabama,
and Mississippi.

vagabond cockroach, Pelmatosilpha larifuga Adults are
28-31 mm long and they are dark reddish brown to black.
Lateral margins of the pronotum and the front wings have a
pale yellow band. Both sexes are brachypterous and have the
posterior margins of the abdomen exposed behind the wings.
Species in this genus occur in Central and South America, and
the WestIndies. Adults and nymphs of P. latifuga are often found
on bananas shipped from West Indies to other regions of the
world, and they occur in warehouses and food stores.

American cockroach, Periplaneta americana (Fig. 4.1¢; 4.8a, f)
Adult males are 34-53 mm long and female are 29—36 mm
long. The body is shiny, reddish brown to brown; pronotum
has a yellowish white margin with dark brown interior. Wings
extend 4—-8 mm beyond the abdomen in males, and as long as
the abdomen in females. Adults readily fly when the tempera-
ture is above 21 °C; they usually travel short distances, but sus-
tained flight is possible and they fly to lights at night. The male
has a pair of styli and a pair of cerci at the end of the abdomen.
Cerci are 18- or 19-segmented, and tapered at the tip. The male
supraanal plate (epiproct) is translucent, apically rounded and
deeply notched. Females lack styli, and their cerci are 13- or
14-segmented. The first-instar nymph is uniformly pale brown,
and the tips of the maxillary and labial palps are white; anten-
nae are as long as the body and pale brown. Wing pads develop
during the third- or fourth-instar nymph, and the sixth-instar
nymph has pale brown patches on the pronotum; wing pads on
the last nymph instar are about 7 mm long. The sex of the early
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Figure 4.8 Blattaria: Blattidae. (a) Periplaneta americana male;
(b) P. australasiae adult, pronotum and elytra portion; (c) P. brunnea
adult, pronotum and elytra portion; (d) P. australasiae male, supraanal
plate; (e) P. brunnea male, supraanal plate; (f) P. americana male,
supraanal plate; (g) P. fuliginosa male, pronotum and elytra portion;
(h) P. japonica male; (i) P. fuliginosa male, supraanal plate.

instar nymphs can be distinguished by the posterior margin of
sternite g: it has a median notch in the female and it is only
slightly indented in the male.

Theoothecais 8—1o mm long, dark brown to blackish brown;
egg compartments are indistinct; there are 16 teeth on the keel.
The ootheca contains 14—-16 eggs. Hatching occurs in 57 days
at24°C, 32 daysat30°C, and 24—38 days at 30—36 °C. Females
carry the ootheca for about 24 h, but it may be retained for up
to 6 days before being deposited. Fecundity is 15-go oothecae,
typically 10-15 within 10 months; the interval between oothe-
cae formation is 5—12 days. The ootheca may be cemented to
the substrate by an oral secretion from the female; sometimes
they are partially covered by pieces of debris from the substrate.
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Females often eat other P. americana oothecae that are encoun-
tered in the habitat. Parthenogenesis occurs but is infrequent.
About 50% of the parthenogenetic nymphs hatch, and only
33% of those that hatch reach maturity. Nymph development
is 7-13 instars during 5-15 months at 25-30 °C. Variations
in development occur among cockroaches hatched from the
same ootheca. First-instar nymphs consume their embryonic
skin immediately after hatching, and the cast skin is usually
eaten by other stages except the last. Preferred temperature for
adults and nymphs is about 28 °C, but they remain active at
21 °C. Adult life span at 29 °C is go—706 days for females, and
90—362 days for males. Survival without food or water at 27 °C
is about 29 days for males and 42 days for females; survival
with water is 43 days for males and go days for females.
During courtship, the male and female employ volatile
pheromones and tactile stimulation to achieve copulation. It
may begin with the female releasing a volatile sex pheromone,
which is composed of the sesquiterpenoids, periplanone A and
B.This pheromoneis detected by the male antennae and directs
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him toward the female. The female assumes a stance with the
abdomen slightly lowered and with the abdominal terga 8 and
9 spread so that the underlying tissues are exposed. When
close to the female the male usually waves and contacts the
female with his antennae, and raises his wings. The male then
turns around and flutters his wings, and moves backwards. He
pushes his abdomen under her. If the male succeeds in enga-
ging his genitalia, he turns from under her or the female turns
so that the pair is in an opposed position. They remain joined
for 1 h or more while the male transfers a spermatophore to
the female. The ootheca is not turned after it is formed and
the keel remains upright. Fresh mating is not necessary for the
production of each ootheca, and females can produce nearly
their full potential of ootheca from a single mating.

Natural habitats include generally moist areas in leaf litter,
under bark or the bracts of palm trees in forested or undisturbed
areas with dense vegetation, but also including caves and bur-
rows. Feral populations of this species in its native region of
tropical Africa may not exist. The genus Periplaneta includes
47 described species, but none are endemic to the Americas.
The specific name P. americana is misleading because of the
African origin of this species. P. americana probably spread by
trading and slave ships, and commerce to many regions of the
world by the time it was described by Linnaeus in 1758. Evi-
dence of this species was recovered from a Spanish ship sunk
off the coast of Bermuda in 1625. Most Periplaneta species have
restricted distribution and they are not closely associated with
humans. Worldwide distribution and pest status characterize
only the few species that are capable of adapting to domestic
or peridomestic habitats.

In the urban environment, P. americana occurs outdoors and
indoors in a wide range of habitats, from urban landfills and
wastewater treatment plants to the underground sewer sys-
tems of the major cities of the world. Large populations of
P. americana can develop in favorable habitats, such as in the
holds of ships, and urban landfills. A feces-secreted aggrega-
tion pheromone, which operates during the day when indi-
viduals are inactive, promotes concentrations of adults and
nymphs. Crowding and limited food may cause mass migra-
tions of adults and nymphs from preferred habitats. Indoors,
this species is common in basements and cellars, as well as on
upper floors oflarge buildings. Itis a successful and sometimes
dominant species in urban environments around the world,
from tropical to temperate climates.

Australian cockroach, Periplaneta australasiae (Fig. 4.8b, d)
Adult males are 27-34 mm long and females are 28—32 mm
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long. The body is dark brown, and the pronotum has pale
brown margins and a dark brown interior. Wings extend to or
beyond the abdomen in males and females; the pale margin
on the front wing extends to about one-third the length. Males
have cerci and styli, but females lack styli. The male supraanal
plate (epiproct) has thickened transverse ridges on the ven-
tral surface. First-instar nymphs are predominantly brown, the
mesonotum is lighter in color than the remainder of the body,
and there are two white spots near the anterior margin of the
metanotum. Late-instar nymphs are dark brown, with pale yel-
low spots on lateral margins of thorax and abdomen; the tip of
the antenna is white.

The ootheca is about 10 mm long, blackish brown, with
slight indication of the egg compartments. The ootheca con-
tains about 24 eggs, and hatching occurs in about 40 days.
Oothecae are produced at about 10-day intervals; fecundity is
20—-30 oothecae. The ootheca is not turned on its side after
it is formed and the keel remains upright; it is deposited
within about 24 h after formation. Oothecae are cemented to
the substrate by an oral secretion from the female, and small
pieces of the substrate are usually attached to the surface. The
female may gnaw a small hole in wood, cardboard, or sim-
ilar material, then deposit the ootheca. Debris from the sub-
strate is usually attached to the ootheca. Nymph development
is through g—12 instars over 6—12 months, depending on con-
ditions and resources. When nymphs are reared alone, females
have 11 or 12 instars and the development time is 306—365 days.
Females reared in groups develop in 213 days, and males in
198 days. Adults live about 12 months, but 2 years is possible.
Adults mate within 5 days of maturation, and females mate
often.

Natural habitats include moist leaf litter in forested areas,
beneath logs and stones, and in caves. Natural populations of
this species are not known. In the urban environment, it occurs
around the perimeter of buildings, and indoors in kitchens
and other sites with available food, moisture, and harborage.
It occupies similar habitats to P. americana, but does not occur
in underground sewers. It was originally described in 1775
as Blatta australasiae: the specific name referred to its known
distribution at the time, which was in southern Asia and not
Australia. It is probably native to the tropics or subtropics of
Africa, but spread through ships and commerce to warm cli-
mates around the world. Among the Periplaneta, it is second
in importance to P. americana as an outdoor and indoor pest.
P. australasiae seems to prefers moist habitats with a somewhat
higher temperature than that required for the development of
P. americana. P. australasiae occurs in tropical and subtropical
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regions of the world, and is often introduced to and survives in
sites in temperate regions, such as in greenhouses and other
heated structures. In the USA is occurs in Florida and south-
eastern Texas, but there are outdoor and indoor populations in
other southeastern states.

Brown cockroach, Periplaneta brunnea (Fig. 4.1d; 4.8¢, e)
Adults are 31-37 mm long. The body is dark brown to reddish
brown; the markings on the pronotum are pale brown. Wings
cover the tip of the abdomen in both sexes, and the cerci are
shortwith a blunt tip. The male has a short, truncate supraanal
plate (epiproct). The first eight and the last four antennal seg-
ments of the first-stage nymph are pale yellow to white; the
intermediate segments are brown. The mesothorax has a clear
medial area, and there are pale spots on the lateral margins
of the second abdominal segment. This species closely resem-
bles P. americana, but it is distinguished by characters of the
supraanal plate (epiproct) and cerci on the adults. In P. brunnea,
the supraanal plate is short and the cerci are short and have a
blunt tip. In P. americana the supraanal plate (epiproct) is long
and notched, and the cerci are long and tapered at the tip.

The ootheca is 12-16 mm long and brown; the egg indenta-
tions are not distinct. Oothecae of P. brunnea are about 2.6 mm
longer than those of P. australasiae, and 5.2 mm longer than
P. americana. The ootheca contains about 24 eggs at 27 °C and
65—75% RH; about 20 eggs per ootheca hatch in 35 days at
27°C, and 61-63 days at 24 °C. Fecundity is about 30 oothecae,
but many are notviable. The ootheca is deposited 20—24 h after
formation, and the next is produced in 5-6 days. The female
secretes from her mouthparts a frothy white substance, which
is applied to the substrate where the ootheca will be placed.
After deposition, the ootheca may be covered with additional
frothy secretion. This substance hardens to become strong
cement. Oothecae are often partially covered with pieces of
debris from the substrate. Parthenogenesis occurs in P. brun-
nea, but only about 9% of the eggs hatch and complete devel-
opment to adult female. Nymph development at 24 °C is about
2063 days for females, and 268 days for males. Adults live about
8 months or up to 20 months, depending on environmental
conditions. Adults mate within 7 days of maturation, and the
first ootheca appears in about 14 days.

This species is probably native to Africa and is now dis-
tributed in tropical regions around the world. It is carried by
commerce and shipments of food to temperate regions, and it
survives in heated environments in urban areas. Populations
areknown from the UK and parts of Europe. Itwas firstreported
in the USA in 1907 in Illinois, and is now well established from
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Florida west to Texas; it has been introduced into California.
P. brunnea occurs primarily indoors, but also lives outdoors
around trees and in sewers.

smokybrown cockroach, palmettobug, Periplaneta fuliginosa
(Fig. 4.8g, i) Adults are 25-38 mm long and the body is
uniformly dark brown to blackish brown. The pronotum is
shiny, blackish brown, and without stripes or other markings.
Wings are fully developed in both sexes. They are strong flyers,
even females carrying an ootheca. Male abdominal segment
1 has a broad, shallow depression bearing a tuft of setae; the
supraanal plate (epiproct) is apically truncate and not deeply
notched, and with thickened structures on the ventral surface
near the apex. First-instar nymphs are brown to dark brown.
Antenna has the first 3—6 segments and last 4 or 5 segments
pale brown, the intermediate segments are dark brown; tips
of maxillary and labial palps are yellowish white. The mesono-
tum is lighter in color than the pronotum, the metanotum is
uniformly dark brown, and abdominal segments 1 and 2 are
brownish whiteventrally. Young nymphs often move aboutwith
theirabdomen elevated, and slightly bentanteriorly. Late-instar
nymphs are uniformly reddish brown.

The ootheca is 8-14 mm long and has distinct indenta-
tions to show the position of the eggs. The ootheca contains
20—28 eggs, and hatching occurs in 100 days at 20°C,
70 days at 23 °C, 56 days at 25.5 °C, and 37 days at 30 °C. It is
deposited about 24 h after formation, and the next ootheca is
produced in about 1o days; fecundity is 15—20 oothecae. Nymph
development is 274—439 days at 21.5 °C, and 179-191 days at
30—36°C. The number of instars is 10-12 for females, and
g-11 for males; duration of female instars ranges from 8.5
days for first-instar to 165 days for twelfth-instar. Adults live
18—24 months, depending on environmental conditions and
resources. Adults and nymphs are cold-hardy and overwinter
in protected sites outdoors in temperate regions. Females pro-
duce a volatile sex pheromone that initiates male courtship
behavior. When the male locates the female he turns, raises his
wings, and attempts to back under her abdomen. If receptive,
the female mounts the back of the male and feeds on exudates
from the tergal gland. Tergal stimulation by the female then
initiates copulation from the male. Adults mate 7—10 days after
maturation, and the first ootheca appears in about 14 days. A
female may prepare an oviposition site by gnawing a hole in
a soft substrate; the ootheca is then deposited and partially
covered with debris.

Outdoor habitats for this species are moist, shaded sites
with abundant vegetation. In natural areas these include sites
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such as in tree holes, under the bark of trees, leaf litter, or
the bracts of palm trees, such as the fan palm (Sabal palmetto),
which is the derivation of the common name, palmettobug.
The cuticle of P. fuliginosa is very permeable to water, and it
has the highest rate of cuticular water loss of all the cockroach
pest species. Because of its high water loss rate, P. fuliginosa
generally requires moist habitats with available water. Much
of the habitat selection and survival of this species is linked
to maintaining water balance. In the urban environment, it
occurs primarily outdoors among landscaping vegetation and
moist ground cover around the perimeter of buildings. Infes-
tations may be completely within structures, but usually there
is some exchange of adults or nymphs with outdoor habitats
and populations. In temperate regions, it occurs indoors and
in heated locations such as greenhouses. This species is native
to temperate regions of eastern Asia, including Japan, Korea,
and northern China. In the USA breeding populations are dis-
tributed in all of the southeastern states from Texas to east-
ern Virginia. In central and southern Florida, it is uncommon
in urban areas. Isolated populations occur in urban areas of
Orange County and Sacramento, California.

Periplaneta japonica (Fig. 4.8h) Adults are 25-35 mm long.
The body is shiny and uniformly blackish brown to black; the
tarsi and labial and maxillary palps are brown. Wings of the
male extend beyond the tip of the abdomen; wings of the female
extend to about one-half the length of the abdomen. Male
abdominal segment 1 has a broad, shallow depression bearing
a tuft of setae. Male supraanal plate (epiproct) is sclerotized,
the sides are parallel, and it has a deep notch on the posterior
margin. First-instar nymph is uniformly dark brown; the tips
of the maxillary and labial palps are white to brownish white.
This species is cold-hardy. Nymphs and adults are capable of
surviving 120 days and 9o days, respectively, atabouts.5 °C, fol-
lowing preliminary exposure of 28 days to 15 °C. There are nine
instars at 27 °C, the final instar is prolonged at low tempera-
tures, and oothecae are deposited at 15 °C but do not hatch.
Incubation is about 27 days at 27°C, 63 days at20°C, and
hatching does not occur below 20 °C. It is distributed in Japan,
China, and Russia. This species occurs primarily outdoors, but
some populations have adapted to houses. Itis a pest primarily
in central and northern Japan.

Methana marginalis (Fig. 4.9e) Adults are 25-29 mm long
and the body is brown with a pale white margin on the anterior
and lateral edges of the pronotum. Several species of Methana
occur in Australia, where they live in natural habitats under the

Blattaria

bark of trees or logs. This species occurs in Queensland and
Western Australia; it sometimes enters houses.

Harlequin cockroach, Neostylopyga rhombifolia (Fig. 4.9f)
Adults are 20—25 mm long. The body is shiny, blackish brown;
there are yellowish brown patches over most of the body. Front
wings are short and the hind wings are absent in both sexes.
Large nymphs are similar to adults in color pattern; small
nymphs have poorly defined markings. The ootheca is 12—
15 mm long and yellowish brown; it contains about 22 eggs.
Nymph development is 286—302 days at 27 °C. Adult females
live about 156 days at 24 °C. Parthenogenesis has been reported
forthis species, butthe eggs do nothatch. N. rhombifolia is prob-
ably native to southern Asia. It is now distributed in tropical
regions around the world, including Philippines, Ryukyu and
Hawaiian Islands, and Madagascar, Mauritius, Seychelles, and
Madeira. In Africa, it is in the countries along the east coast.
In Central America, it is known from Costa Rica, and Mex-
ico. In South America it is known from Venezuela, Argentina,
and Brazil. In North America it has been found in Baja and
Sonora, California. It is primarily an outdoor pest around
buildings.

other Blattidae
frequently indoors; it is known from Louisiana, Texas, and

Pseudomops  septemtrionalis occurs in-
Oklahoma. The South African species, Deropeltis erythrocephala
(Fig. 4.9d), occurs in wooded sites; it flies to lights at night

and often enters houses.

Cryptocercidae
These are moderate-sized, wingless cockroaches with 1-3
spines ventrally at the tip of the front femur, and without ocelli.
None of the species in this family occurs indoors. There are
four described species, two from China and Manchuria, and
two from the USA. There is limited information on the biology
and habits of these cockroaches. Except for a brief dispersal
stage as late-stage nymphs or young adults, these cockroaches
live their entire life cycle within galleries chewed in rotted logs.
These cockroaches are sometimes linked to termites. The
association is based on their intestinal protozoa, which have
the ability to digest cellulose, and the behavior of nymphs and
adults remaining together in small groups. These groups con-
sistofthe breeding pair and their offspring from one reproduc-
tive season. Other cockroach species have adapted to feeding
on wood. Panesthia in the family Blaberidae occur in Australia
and they live in and are capable of feeding on decaying wood.
The two common species, P. laevicollis and P. australis, are found
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Figure 4.9 Blattaria: Blattidae. (a) Cryptocercus punctulatus adult;
(b) C. punctulatus, terminal abdominal tergum; (c) C. punctulatus
nymph; (d) Deropeltis erythrocephala male; (e) Methana marginalis male;
(f) Neostylopyga rhombifolia adult, pronotum and thorax.

in rotting logs. Both sexes of several Panesthia species have
well-developed wings, but these are broken off close to the
base soon after they become adults.

Cryptocercus punctulatus (Fig. 4.9a-¢) Adults are 28-33 mm
long. The body is shiny and blackish brown to black. Both
sexes are completely wingless. Eyes are small and there are
no ocelli. The pronotum is thickened anteriorly, and it has a
wide central furrow. Anterior margin of the pronotum is raised
above the head like a hood (which is the origin of the common
name, brown-hooded cockroach). Legs have large spines; the
front femora has three spines on the ventral margin at the tip.
Cerci are surrounded and concealed by the terminal tergum

and sternum. Nymphs are pale brown to brown, and the cerci
protrude beyond the margins of the terminal abdominal scle-
rites. The ootheca is 8—10 mm long and 2.3 mm wide; it is well
sclerotized and the egg chambers are distinct; the keel is well
developed. The ootheca contains about 17 eggs, and it is par-
tially concealed with debris from the substrate by the female
after deposition.

Natural habitats include the sapwood of wet and decayed
logs in heavily forested areas. It does not usually occur in the
urban environment. The typical habitat is wet and decayed
hardwood and softwood logs where individuals are found feed-
ing in the decayed sapwood portion of the wood. Partially
decayed or apparently sound wood is also infested. Adults and
nymphs feed on moist and decayed wood; zooflagellate proto-
zoadigestcellulose in the hindgut. The protozoa faunais trans-
ferred to newly hatched nymphs through fecal pellets produced
by other nymphs. When older nymphs prepare to molt, they
cease feeding and no feces are passed for 2—3 days. During this
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time the cellulose-digesting protozoa in the hindgut become
inactive and encyst. After molting, the first fecal pellets of older
nymphs contain large amounts of the protozoa. Fecal pellets
are eaten by first-stage nymphs. This provides them a suf-
ficient inoculation of the cellulose-digesting protozoa. This
cockroach occurs as populations in the Appalachian Moun-
tains in the eastern USA, from New York to northern Georgia,
including Ohio and Tennessee.

The Zoomastigophora in the hindgut of C. punctulatusinclude
species of Barbanympha, Leptospironympha, and Trichonympha.
The latter is one of the several symbiotic flagellates inhabiting
the gutof some species of termites. Species of Trichonympha can
be successfully exchanged between Cryptocercus cockroaches
and Zootermopsis termites. Cellulose-digesting symbionts and
behavior that involves parental care have led to the sugges-
tions that Cryptocercus represents a stage in the development of
termite-like social behavior. Atone time Cryptocercuswas consid-
ered a primitive cockroach and perhaps an ancestor of termites.
However, morphological and molecular sequence studies have
shown that Cryptocercus is distant from termites.

Cryptocercus clevelandi Adults are about 32 mm long. The
body is reddish brown to nearly black. Both sexes are com-
pletely wingless. The pronotum is about 8.5 mm long and 10
mm wide; nearly black, lateral margins are slightly upturned.
Mesonotum and metanotum are not as dark as the prono-
tum, smooth, and finely punctate; lateral margins are slightly
upturned. Abdominal terga 1—6 are dark reddish brown, mostly
smooth, with scattered fine punctations. Abdominal sterna
2—6 are reddish brown and punctate. The punctations on the
abdominal sterna are dense, particularly sternum 7. Oothecae
contain about 43 eggs. C. clevelandi lives in biparental family
groups and adults exhibit extended care of offspring. Social
groups include pairs with first- and second-stage nymphs,
pairs with offspring hatched the previous year, and females
with nymphs hatched 2 years previously. Nymphal develop-
ment takes 5—7 years to complete. Males and females pair
during the year they mature, but do not reproduce until the
following year (summer). This species occurs in rotting wood
in upland temperate forest areas from southern Washington to
northern California.

other Cryptocercus The other extant species are wingless and
have habits similar to the North American species. C. primarius
occursin Sichuan Province, China, andC. relictusin the Maritime
region of the eastern Russian Federation.
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Oothecae of these cockroaches have a distinct keel, which is
often strongly toothed, such as in Polyphaga aegyptiaca. There
is usually a flange or short extension at the anterior end of
the ootheca, by which it is held in the female’s genitalia. In
some species, including P. aegyptiaca, the ootheca is held in
the original position and not turned after it is formed. Spines
may be absent on the anterior and posterior margins of the
mid and hind femora. Sternum 7 of the female is sometimes
bivalvular. Polyphaga species are distributed nearly worldwide
in shipments of vegetables. In the continental USA, they occur
primarily in the southwestern states and in Florida. None of the
species that occur in Central and North America are household
pests. In northern Africa and southern Asia, a few species, such
as P. aegyptiaca and P. saussurei, are occasionally peridomestic or
domestic pests.

Mediterranean cockroach, Polyphaga aegyptiaca Adult
males are 25—-32 mm long and females are 25-34 mm long
and wingless. The female is blackish brown and the male is
dark brown. Wings are light brown and broadly rounded at
the distal end; wing veins are prominent. Antennae are shorter
than the body; the pronotum has a pale brown anterior margin
in both sexes. Cerci are short and unsegmented in the female.
The ootheca is about 12 mm long and pointed at one end,
and there is a row of12—-14 teeth along the keel. The ootheca
contains 7-13 eggs. This species is distributed in the region
surrounding the Mediterranean sea and eastward to Iran and
the Caspian sea. It is an occasional indoor pest.

south Asian cockroach, Polyphaga saussurei Adult males are
32—37 mm long and females are 35—-44 mm long; the body of
both sexes is strongly convex. Males are uniformly dark brown
and the antennae and cerci are short. Wings are light brown
and extend beyond the tip of the abdomen; wings are broadly
rounded at distal end. Females are dark brown and wingless.
Adults mate 10-14 days after maturation. The ootheca is 12—20
mm long and contains 34-36 eggs; it is held internally during
the incubation period of about 6o days. Nymph development
is 121-150 days at 30—36 °C, but under lower temperatures it
is extended to 7-18 months. Adults live 2.5 years in labor-
atory conditions. Parthenogenesis has been reported for this
cockroach. During courtship the male stands near the female
and rapidly moves his body up and down. In some instances
the male raises the anterior portion of his body and strikes his
abdomen against the substrate to produce a prolonged tapping
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sound. Adults give off an offensive odor when disturbed. It
is distributed in central Asia, from the Caspian sea eastward
through Kazakstan, Uzbekistan, Tajikistan, and Azerbaijan.
Other locations include Afghanistan, Iran, and India.
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Introduction

Beetles comprise the largest order of insects, with over a quar-
ter of a million described species. They have four wings, with
the front pair thickened, leathery, or hardened, and usually
covering the hind wings. Their chewing mouthparts are well
developed in the adults and larvae. Mandibles range from slen-
der and sharp use for predaceous habits, to large and toothed,
used to crush plant and animal material, or gnawing wood.
In weevils, the front of the head is produced into an elongated
snout, with the mandibles atthe end. Developmentin this order
includes egg, larva, pupa, and adult stages. Larvae vary consid-
erablyin form, butmostare elongate and flattened or grub-like.
The life cycle varies in length to provide several generations a
year to one generation in several years. Overwintering generally
occurs as a larva or pupa in protected sites, but some species
overwinter as adults in large aggregations.

Wood is a source of food and harborage for several species of
beetles. However, cellulose and lignin that give wood strength
and durability are not easily converted to food. Only a small
number of insects actually derive nutrition from wood. Others,
such as carpenter ants and carpenter bees, have mouthparts
strong enough to tunnel into sound or slightly decayed wood,
but their gut is not equipped with the enzymes or microor-
ganisms necessary to convert it into food components. Utiliza-
tion of wood as food or shelter requires strong mouthparts to
bite off small pieces, and a digestive system capable of break-
ing down cellulose. The larvae of wood-infesting insects have
these essential features, and this stage creates the powder-fill
tunnels characteristic of infested wood.

To utilize wood as a harborage and food, beetle adults and
larvae have evolved elaborate morphological and physiological
features, and specific behavioral patterns. Adult body shape
is generally cylindrical, short, rounded, and sometimes with
a spiny prothorax. This body form is geometrically efficient
for boring, and may explain the similarity between adults of
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different wood-boring species. Ridges, spikes, and horns on
the head, prothorax, and elytra often occur at sites where
they do not impede boring or are located on the prothorax
where they probably serve as an anchor or hold-fast to assist
the mandibles. Larval forms are soft-bodied and capable of
stretching, contracting, and pressing against the walls of feed-
ing tunnels. Movement in narrow tunnels and galleries is
assisted by setae, spines arranged on swollen segments, and
legs of various length and form. Mandibles of wood-infesting
beetles are usually modified to cut and tear at the substrate,
or to plane it smooth with sharp surfaces. Species that feed
on dry (8-12% moisture) structural wood have short broad
mandibles, and species that feed on live trees, recently felled
green wood, or wood with a high moisture content have long
and thin mandibles. Various features of the digestive system of
some species seem specifically suited to eating wood. Larvae of
Anobium punctatum have a grinding gizzard in their gut, which
is linked to their feeding on wood. The gizzard is a spherical
enlargement of the foregut that has a dense layer of spines and
teeth-like structures. It functions to grind and mix the food
in preparation for digestion. Mouthparts work in conjunction
with the gizzard to provide a continuous supply of uniform-
size wood particles. Those too small or too large fall away and
are swept to the back by the front legs of the larva. A gizzard is
absent from anobiids that do not utilize cellulose as a source
of food.

Pest status of beetles in the urban environment is based
primarily on the feeding habits of the larval stage, and the
overwintering behavior of the adults of a few species. Few
species transmit pathogenic organisms, but some, such as
dermestids or blister beetles, cause skin irritations. About 600
beetle species in 34 families are associated with stored grain or
food materials made from grains. However, stored fruits and
vegetables are also attacked. Some beetles are associated with
stored food because they feed on the mold and fungi growingon
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these substrates, or they are predators of insects or arthropods
that are the primary invaders. The original habitats of food-
infesting beetles were probably dry, sheltered sites where plant
and animal debris collected. Animals building nests or stor-
ing food in sheltered places created some of these sites. Likely
habitats include bird nests built close to human dwellings,
bat roosts, and the dens of rats and mice. Species that now
attack grain seeds, such as wheat, maize, and other cereals,
may not have fed on the seeds of their ancestral grasses. These
seeds would have been very small and not likely infested by the
larvae of these beetles. Development of large varieties of prim-
itive grains would have provided beetle larvae sufficient food
to complete development. Grain borers probably evolved from
attacking the structural features of storage bins to the seeds.
They probably fed on larger wild seeds such as acorns, which
were often scattered, and moved from these to grain, which
was stored in quantity and protected.

Anobiidae

Anobiid adults are 1.5-8 mm long, reddish brown to black,
and covered with fine setae or pubescence. The head is usually
hidden by the pronotum, and the 11-segmented antennae are
inserted on the sides of the head, in front of the eyes. Full-
grown larvae are about 8 mm long, grub-shaped, and yellowish
white. Larval thoracic segments are enlarged dorsally, and the
segments have a dorsal patch of large setae. Adults of many
speciesarenocturnaland arerarelyseen during the day. Feeding
habits include infesting dry vegetable material, stored food
materials, spices, and tobacco, and several species that feed on
seasoned wood. The majority of anobiids feed in dry (8-12%
moisture) hardwood and softwoods; their larvae are capable
of digesting cellulose. Food-infesting species invade a broad
range of substrates, and there are biotypes adapted to local
conditions and food sources. The anobiid pests of stored food
have worldwide distribution.

Furniture beetle, Anobium punctatum Adults are 2.5-6 mm
long, cylindrical, and reddish brown. Elytra have punctures in
longitudinal rows; the last three antennal segments are longer
than the others. Exit holes are 1.6-3 mm diameter, and the
frass has a gritty feel when rubbed between the fingers. Full-
grown larvae are about 6 mm long, yellowish white with dark
brown mandibles; there are scattered pale yellow setae on the
body, and a double row of spines on the dorsum. Eggs are
visible to the unaided eye and are smooth, white, and slightly
ellipsoidal. Eggs are laid singly or in batches of 2—4. They are
often cemented on to rough surfaces of lateral and end grain
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wood, in cracks, deposited into spaces between pieces of wood,
orin emergence holes, and pupation chambers from which the
female emerged. Fecundity is 20-80 eggs; hatching occurs in
3-6 weeks at 65% relative humidity (RH); no eggs hatch at or
below 45% RH. First-stage larva burrows into wood through
the base of the egg. As it moves out of the egg the larva ingests
yeast deposited on the egg by the female, and these yeasts
become established within the larval gut. Yeasts are killed at
26 °C, which restricts the initial development or reinfestations
of timbers in some roofs.

Larval development takes about 2 years at 22—24 °C and 70%
RH, but can extend to 3—5 years. In natural habitats, such as
branches of dead trees, the life cycle is completed in about
1year. Larvae produce a network of 1-2-mm diameter galleries
filled with frass and wood fragments. Pine and spruce are most
susceptible to attack; there are few infestations in Douglas fir
and western hemlock. Most hardwoods in temperate regions
are attacked, but rarely tropical hardwoods. The outer portion
of sapwood, which is usually high in nitrogen, is the preferred
larval feeding site, but heartwood of beech, birch, and poplar
may be utilized. The limited amount of nitrogen in old wood
results in extensive larval galleries and slow development. Lar-
vae feeding on Scots pine digest 26—29% of the wood eaten,
and utilize 7-8% of the lignin, 40% of the cellulose and hemi-
cellulose, and most of the protein in the wood. Some types
of plywood have been attacked, and beetles emerged after the
wood was in place. Full-grown larvae bore close to the wood
surface to form a pupal chamber. Pupal stage is 3-8 weeks, and
adults bite through the outer surface of the wood to emerge and
mate.

Adult beetles live 2—4 weeks and readily fly during the warm
season. Adults emerge in May or June, butin northern latitudes
they emerge in June and July. Mating males and females retreat
into exitholes and crevices in the timber; males disengage from
females after about 1 h and return to the wood surface. Females
remain in the exit hole to lay eggs, and return to the surface
to mate again. Males are attracted to a range of concentra-
tions of the female sex pheromone, which is 2,3,5-trimethyl-
6-(1-methyl-2-oxobutyl)-4H-pyran-4-one (Stegobinone). This
chemical is the same as the sex pheromone for Stegobium
paniceum, the drugstore beetle.

A. punctatum is widespread in North America and Europe,
especially along coastal regions where ambient air humidity is
high. It occurs inside buildings and outside in natural popu-
lations in dead wood. In spite of its common name, it dam-
ages structural wood rather than furniture. However, it enters
housesininfested furniture and spreads to exposed, unfinished
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wood. Attack occurs in structural softwood or hardwood that is
free of decay fungi. Temperature, humidity, and the condition
of wood limit larval development. Adults produced in wood
in dry environments are generally small, and less successful
in mating and egg-laying. These adults produce fewer eggs
and therefore decrease population viability. This combination
of factors may explain why infestations decline when wood
moisture levels remain low.

There are several parasites of the furniture beetle. The
mite Pymotes tritici (Pymetodidae) parasitizes several species
of wood-boring insect larvae, including Anobium larvae. P. trit-
ici can bite humans, resulting in what is called woodworm bite,
but it is unable to burrow into human skin. The ant-like ptero-
malid wasp, Theocolax formiciformis, is also a parasite of Anobium
larvae. The adults have rudimentary wings and do not fly. The
adult wasp moves through the tunnels in the wood to locate
a beetle larva, or it oviposits into the larva through the wood
surface.

Queensland pine beetle, Calymmaderus incisus Adults are
about 3 mm long, brown and shiny. Attack in structures usu-
ally begins in the dark, subfloor areas and spreads from there
to other wood members. It has not been reported from other
areas, but the damage is similar to that of A. punctatum and
it could have been overlooked. This beetle is distributed in
Queensland, Australia where it attacks softwood timber. Infes-
tations are predominantly in hoop pine, bunya pine, and New
Zealand white pine.

Anobiid bark beetle, Ernobius mollis (Fig. 5.1a) Adults are
3.5-5.5 mm long and reddish brown. Full-grown larvae are
about 7 mm long, curved and pale yellow; the head is dis-
tinct and the mandibles are dark brown. Exit hole is round
and about 1.5—2 mm diameter. Eggs are laid in crevices in
the bark of trees; hatching is in 10—21 days. First-stage lar-
vae are capable of crawling on the surface of the bark for a few
days before finding a route to the sapwood. Larvae feed at the
interface of the bark and sapwood, and frass produced from
this feeding is a mixture of brown and white particles. The
brown pieces are from the bark, and yellow pieces are from
the sapwood. Frass is tightly packed in galleries but is dis-
lodged and falls free when the wood dries. Larvae pupate in an
enlarged portion of their gallery and the pupal stage lasts about
10 days. Larval development is completed in 1—2 years. Adults
remain in the pupal chamber for 6-12 days before biting their
way to the wood surface. Emergence is during summer and
extends into fall. Mating takes place within 1-2 h of emergence;
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copulation lasts about 6 h. Females mate 2—3 times, and eggs
are laid at night a few days after mating. Adults live about 30
days, but sometimes they overwinter.

This beetle infests softwood timber, especially wood that
has small sections of bark remaining. The damage caused by
E. mollis is often confused with damage caused by some bark
beetles (Scolytidae). E. mollis restricts its feeding to the outer
sapwood beneath the bark, and does notreinfestor cause struc-
tural damage to wood in use. This species has been introduced
into the eastern USA and lives outdoors invarious conifer trees.
Related species, E. tenuicornis and E. granulatus, occur in eastern
USA, but they do not infest wood in use.

Anobiid powderpost beetle, Euvrilletta peltata (= Xyletinus
peltatus) (Fig. 5.1€) Adults are 3.4-6.3 mm long, reddish
brown to black, and with fine, yellow pubescence covering
the body. Eyes of male are separated by two times the width
of the eye; female eyes are separated by three times the width.
Antennae are 11-segmented, moderately serrate, and the last
three segments are slightly enlarged. Exit holes are about
3 mm diameter; the frass from softwoods (pines, spruce, and
fir) has a gritty texture when rubbed between the fingers. Full-
grown larvae are about 8 mm long and yellowish white. Eggs
arelaid in groups of 2—3 on the surface of wood, females prefer
wood thatis 2—5 years old, and rough surfaces; fecundity is 20—
60 eggs, but females lay 120. Hatching is in about 8 days, and
is not significantly reduced by 11-12% wood moisture or low
(54%) RH. First-stage larvae bore into the wood a short dis-
tance, then turn and tunnel in the direction of the wood grain.
They feed first on springwood and later in the outer sapwood;
galleries are packed with fecal pellets and wood fragments.
Few first-stage larvae survive in wood with moisture content
below 13%, but wood moisture as low as 12% does not reduce
the survival of larvae that are 3—6 months old. Larvae cease or
reduce feeding in response to low (winter) temperatures and
low wood moisture content. They do the most feeding at about
24 °C; feeding is reduced or stops at 10 °C and at 32 °C. Larvae
resume feeding in spring, but those not full-grown continue
to feed for a year or more. Full-grown larvae tunnel close to the
wood surface and prepare a pupal chamber. The pupal period is
about 14 days, and adults cut the emergence holes in the wood
surface. The life cycle is 1—5 years, depending on the qual-
ity of wood infested, fluctuations in temperature, and wood
moisture.

Pine timber may be reinfested and infestations may continue
until nearly all the sapwood portion of the infested wood piece
has been consumed. Infestations rarely develop uniformly over
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Figure 5.1 Coleoptera: Anobiidae. (a) Ernobius mollis; (b) Falsogastral-
lus sauteri; (c) Gastrallus immarginatus; (d) Nicobium hirtum; (e) Euvril-
letta peltata; (f) Stegobium paniceum; (g) S. paniceum larva; (h) Lasioderma
serricorne; (i) L. serricorne larva.

an area, because of parasites, wood properties, and the size of
the initial infestation. Adult beetles begin emerging in spring
and continue through mid-summer; more than 9o% of the total
emergence occurs within 4—-6 weeks. Adults do not feed and
are nocturnal. This species is distributed in eastern USA, but
it has probably spread to other countries. It occurs naturally
in dead branches and downed logs from northern New York
to Michigan, southeastward to Florida and southwestward to
Arkansas. It infests dead and seasoned parts of hardwood and
softwood trees, including heartwood and sapwood. A closely
related species, E. lugubris, occurs in natural habitats, and it
tunnels and feeds in dead oak twigs.
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Braconid parasites of E. peltata in North America include
Heterospilus longicauda. The female oviposits through the outer
surface of the wood on to beetle larvae feeding close to the
surface; one parasite develops on each beetle larva. Beetle lar-
vae feeding deep in the wood are usually beyond the reach of
the parasite’s ovipositor. After feeding on beetle 