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Introduction

Humans are but one animal species among millions, yet we are unique
in the way that we have adapted the environment to our own needs. Our
intelligence has enabled us to spread all around the globe and domes-
ticate plants and animals for food, but these advances are not without
their penalties. Humans, as do any other species, have a raft of parasites:
animals that feed on us or in us, often causing harm. As humans have
spread around the globe, travel between distant lands has become easier
and the movement and spread of our parasites was similarly made easier.
The plants we domesticated thousands of years ago were eaten by a myriad
of herbivores; as we nurtured these plants, we increased the food supply
of these herbivores, and they too spread wherever the crops were grown.
Like us, the animals we domesticated had their own suite of parasites. In
breeding these animals and spreading them around the world we gave
their parasites a global meal ticket. There are also those animals that harm
us and our domesticated animals in other ways (e.g., by injecting us with
venom and causing illness and even death). In some parts of the world
these venomous creatures can be a real problem to the extent where they
are considered to be pests also.

The animals that annoy us, harm us, eat our crops, and torment our
livestock are not inherently bad; they are merely doing what they have
always done. Sadly, for them, they compete with us and we see them as a
problem, so we do our level best to wipe them out. To us they are the pests
and the most hated animals on the planet.

A huge range of animals, from nematodes to birds, are considered to
be pests in various parts of the world. Some pests are limited to certain
regions while others are more cosmopolitan in their distribution, but all of
them are considered to be a nuisance in one way or another. To cover all
of the animals that we view as pests in any amount of detail would require
a small library, so the purpose of this book is to present a representative
selection of these animals. Many books that deal with injurious animals
are specific to either crop pests or pests of medical/veterinary importance,
but in this book selections from both groups are included, which may aid
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in the understanding of pest science, the origins of pests, their impact on
humanity, and how they help us to appreciate our far-reaching influence
on the world around us.

The vast majority of animals are invertebrates, so it’s no surprise that
most pests are similarly lacking in backbone. The majority of animals fea-
tured in this book are insects and other arthropods, groups that include
the most important pests of agriculture and human and animal health.
Each entry in the book gives an overview of the pest in question and then
looks in more detail at its biology, the damage it causes to warrant being
classified a pest, and the measures that are employed to control the animal.
This book is not a condemnation of these animals for the damage they
cause; rather it attempts to provide a balanced view of how human activi-
ties have shaped the environment and are directly responsible for the pest
problems we face today.

At the foot of each entry there is a further reading section that allows
readers to find out more information about the species that interest them.
In addition to book or journal resources there is also a huge amount of
information about pests on the Web, but the interested reader should be
mindful of the source of this information. What Web sites offer in terms
of the quantity and accessibility of information is occasionally overshad-
owed by a lack of veracity. At the back of the book there is a list of Web
sites produced by reputable organizations and institutions that have an
obligation to supply the public and experts alike with accurate informa-
tion on many of the pests presented here.

Any book providing an overview of animal pests would not be com-
plete if it didn’t look at some recurring themes that are important in un-
derstanding pests. The rest of the introduction is dedicated to covering
some of these themes in greater detail, which will, I hope, add context to
each of the pest vignettes in the main body of the book.

PESTICIDES

A pesticide is any substance that is used to control a pest, either by simply
killing the creatures in question, deterring them from feeding, or prevent-
ing them from reproducing. Since the advent of synthetic organic chemis-
try the diversity of pesticide compounds has exploded and now there is a
myriad of substances for the huge variety of pests against which we wage
a never-ending war. We will take a look at some of the more important
types of pesticide later, but before we do, let’s briefly consider the history
of pesticide use.
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An Illinois farmer applies a low-
insecticide bait to his crop. The
insecticide is targeted against west-
ern corn rootworms, which would
normally feed on, and lay eggs

in, these soybeans. (Agricultural
Research Service/USDA)

Since the dawn of civilization, humans have sought to control the spe-
cies perceived to be pests. Thousands of years ago it would have been
obvious to our ancestors that crops and livestock were eaten or plagued
by other animals, thus reducing yields and endangering the very existence
of these nascent towns and cities during the lean times of winter. The re-
lationship between disease and other animals such as insects and rodents
would have been much less clear as it wasn't until the germ theory came
along that we became aware of the microbes that cause disease and how
they are spread.

The emergence of civilization and the understanding that crops were
at risk from various animals would have stimulated the inquiring minds
of our ancestors, prompting the question: “How do we get rid of them?”
This question prompted the development of pesticides. It is known that
ancient farmers in the Near East applied substances to their fields, such
as elemental sulfur, very likely as a means of promoting growth and im-
proving yields, but such material may have coincidentally suppressed or
eliminated certain pest species. Our knowledge of agriculture thousands
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of years ago is very fragmentary and it is entirely possible the early agri-
culturalists used a range of natural products to control the pests feeding
on their crops. These people would have possessed a very thorough un-
derstanding of the wild plants that grew in their homeland and the vari-
ous characteristics of each, possibly including the ability to kill or repel
pests.

If we fast forward several thousand years we would see that pesticides
remained largely primitive until quite recent times. With the advent of
intensive agriculture it became clear that pests could have devastating,
famine-inducing effects on crop yields. Throughout the medieval period
and beyond farmers relied on toxic compounds based on arsenic, mercury,
and lead to kill crop pests, although by the 17th century, compounds
derived from tobacco and other plants were beginning to make an appear-
ance. It is not until the 20th century that we encounter the golden age of
pesticides. The 1940s saw the emergence of synthetic pesticides, which
were organic molecules that stemmed directly from the great strides in
chemical synthesis during the latter part of the 19th century and the early
part of the 20th century. The scientific advances of the 19th and 20th cen-
turies shed light on the nature of disease and a large number of parasitic
species were added to the long list of animals that could be targeted with
pesticides. Below, we'll take a brief look at some of the more important
pesticides, beginning with the most widely used group, the modern insec-
ticides and acaricides.

Insecticides and Acaricides

Insecticides are the most widely used pesticides because so many insect
species feed on our crops and livestock and transmit disease to us and
the animals we have domesticated. These same chemicals, when used to
control mites and ticks, are known as acaricides. The most important in-
secticides / acaricides are briefly presented below.

Organochlorines

The most well-known insecticides are organochlorines, a class of syn-
thetic, chlorine-containing compounds, many of which proved very effec-
tive at killing insects. Organochlorine pesticides include such well-known
names as DDT, aldrin, dieldrin, and lindane. Chemically, these com-
pounds are very stable neurotoxins, which are very resistant to degradation,
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characteristics that were once considered extremely admirable in a pesti-
cide. They kill pests by interfering with the way in which tiny channels
on the surface of neurons work, stimulating them to repeatedly produce
nerve impulses and effectively disabling the nervous system of the animal
in question.

When they first appeared on the scene, organochlorines were her-
alded as the nail in the coffin of pests. By the 1940s and 1950s sci-
ence had significantly advanced our understanding of the role played by
vector arthropods in transmitting diseases, so the organochlorines were
seen as wonder chemicals, capable not only of preventing crop losses
but also as a means of eradicating arthropod-borne diseases such as ma-
laria. Throughout the 1950s the production and use of these chemi-
cals increased enormously and by the beginning of the 1960s thousands
of tons of organochlorines were being sprayed and dusted all over the
world each year. However, the organochlorine revolution was not to last.
It gradually became clear these lipophilic chemicals were very resistant
to degradation. They accumulate in living things, with drastic conse-
quences, the full extent of which is gradually becoming clear. The dev-
astating environmental consequences of widespread organochlorine use
(see Pesticides and the Environment) led to the ban of DDT in 1972.
The Stockholm Convention on Persistent Organic Pollutants ratified a
global ban on DDT and many other organochlorine compounds in ag-
ricultural applications, but many of these compounds are still used, con-
troversially, to control arthropod vectors of disease, such as mosquitoes.

Organophosphates

When organochlorines fell out of favor, another class of compounds,
organophosphates, was quickly adopted as the pesticide of choice. Exam-
ples of organophosphate pesticides include chlorpyrifos, dichlorvos, and
phosmet. Like the organochlorines, the organophosphates are neurotox-
ins, but they have a distinct mode of action based on the inhibition of the
enzyme that breaks down the neurotransmitter acetylcholine. With too
much acetylcholine in the junction between nerve cells, nerve impulses
are continually generated and nerve function is impaired to such an ex-
tent that a large enough dose causes death. Initially, organophosphates
were seen as ideal substitutes for the very effective organochlorines.
They were shown to be effective against many different types of pest
and they degraded much faster than the organochlorines, overcoming
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the problem, it was thought, of environmental persistence. It has since
become clear that organophosphates are far from safe. Their persistence
is much less than organochlorines, but is sufficient for these chemicals to
have significant, detrimental effects on nontarget organisms. Acute and
chronic exposure to organophosphates is thought to cause disease and
developmental defects in humans and wildlife. Organophosphates are
still widely available despite the growing body of evidence demonstrating
their detrimental effects on the health of humanity and the ecosystem
as a whole. Organophosphates are used in a huge range of products,
including those used in the home; however the tide of opinion will prob-
ably result in a global ban of organophosphates at some point in the
not-too-distant future.

Carbamates

The first carbamate, carbaryl, was introduced in the 1950s. Carbamates
have a mode of action similar to the organophosphates and are known to
control a large range of insect pests. This broad spectrum of activity cou-
pled with the carbamates’ relatively low mammalian oral and dermal tox-
icity has seen them incorporated into many products, many of which are
used in the home and garden. The chemical structure of carbamates makes
them extremely toxic to the hymenoptera (bees, ants, and wasps) and they
should be used in such a way as to protect honeybees and the myriad para-
sitic wasps that act as biological control agents of insect pests.

Plant-based Insecticides

Compounds derived from plants have been used to control crop pests
for a very long time, but exactly how long is not known. Perhaps farmers
of ancient civilizations noticed that certain wild plants were not really af-
fected by herbivorous animals by virtue of the production of various com-
pounds that deter or kill herbivores. The ability of tobacco derivatives to
kill crop pests via alkaloids in the plant’s tissues has been known for a long
time. These alkaloids, of which the best-known is nicotine, are neurotox-
ins that block the transmission of electrical impulses through the nervous
system. These alkaloids are very toxic to mammals as well as insects, so
chemists used nicotine as a basis to create the nicotinoids and neonico-
tinoids, which are less toxic to mammals while retaining their potency
against insects. The neonicotinoid imidacloprid is a relatively recent, yet
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very widely used insecticide and is often used to treat seed before it is
sown; however, there are many experts who argue that the widespread use
of neonicotinoids may be an important factor in the decline of honeybee
populations around the world.

Another very widely used class of plant-derived insecticides is the py-
rethrins, which are extracted from certain species of Chrysanthemum, no-
tably C. cinerariaefolium. These compounds act in a similar way to the
organochlorine compounds and they are also very soluble in lipids, but
this is where the similarity between the two classes of insecticide ends.
Pyrethrins are very unstable compounds and they are quickly degraded by
exposure to oxygen, sunlight, and microbes. This very low environmental
persistence is the reason why pyrethrins and their synthetic derivatives,
the pyrethroids, are now the pesticides of choice in many applications in
agriculture, in public health, and around the home. To improve the ef-
fectiveness of pyrethrins their structure was tweaked by chemists and the
pyrethroids were born, examples of which include permethrin, cyfluthrin,
cypermethrin, and deltamethrin. The main advantage of pyrethroids is
their greater stability. They provide a more lasting effect than the pyre-
thrins, but still show considerably less environmental persistence than the
organochlorines. Both the pyrethrins and pyrethroids are extremely toxic
to aquatic life and hymenoptera.

The neem tree (Azadirachta indica), native to the Indian subcontinent,
is the source of the insecticide, azadirachtin. Azadirachtin acts as a potent
antifeedant and growth disruptor with considerable toxicity to insects.
In contrast, its toxicity to mammals and other vertebrates is low, mak-
ing it one of the safer insecticides. Also, being plant derived, azadirachtin
has very low environmental persistence. Derivatives of the neem tree have
probably been used for thousands of years in the Indian subcontinent in a
range of applications and it is likely that early agriculturalists used the oil
from the pressed seeds and leaves to help control crop pests.

Rotenone is extracted from the roots of various species of tropical and
subtropical leguminous plants. Today it is produced commercially from
extracts taken from the roots, leaves, and seeds of these plants. Like many
other insecticides it is fat-soluble, enabling it to pass into the insect’s body
through the tiny gas-exchange tubes known as trachea. Rotenone is a po-
tent insecticide that acts by interfering with cellular respiration in the
mitochondria of the target animal’s cells. In contrast to some of the other
insecticides it is also rather toxic to vertebrates, especially fish, and because
of this it is often used as piscicide to control fish that are considered to be



xvi INTRODUCTION

pests for one reason or another. Even though it is toxic to vertebrates its
environmental persistence is very low because it is rapidly broken down
by sunlight. In addition to its potency as an insecticide and a piscicide,
rotenone is also used to kill mites and ticks.

Antihelminthics

Helminth is a rather obsolete name for the huge group of animals that
includes the nematodes and the platyhelminthes (flukes, tapeworms, etc.).
The term anithelminthics typically refers to any chemical that is used to
treat parasitic nematode and platyhelminth infections.

Avermectins and their synthetic derivatives, the ivermections, are com-
monly used as anthelmintic drugs and are typically given to livestock to
kill gut parasites as well as parasitic insect larvae. Avermectins, like the
majority of insecticides, are neurotoxins, but they have an inhibitory ef-
fect on the nervous system rather than a stimulatory effect and in high
enough doses they kill the target animal. Avermectins are used routinely to
treat livestock, pets, and occasionally humans and they are known to very
effective at reducing the burden of intestinal parasites.

The benzimidazoles are a class of chemicals that have been used to erad-
icate parasitic nematodes and platyhelminthes from the bodies of humans
and animals since the 1960s. These chemicals cause the death of the tar-
get worms by compromising the internal cell scaffold, which gives these
chemicals a very broad spectrum of activity.

Piperazine has been used as an anthelmintic for around 50 years and it
appears to rid the body of intestinal nematodes by acting as a neuroinhibi-
tor. Parasitic nematodes exposed to sufficiently high doses of this com-
pound become flaccid and lose their grip on the intestinal wall, eventually
passing out of the anus of the host.

Rodenticides

As many rodent species around the world are considered to be pests, they
have their very own pesticides. These rodenticides are typically anticoagu-
lants—substances that act by inhibiting the clotting abilities of the blood,
a crucial physiological phenomenon to preserve the integrity of the circula-
tory system and the life-sustaining functions it fulfills. These rodenticides are
often used as baits—material the rodents in question will eat or gnaw, thus
ingesting a dose of anticoagulant sufficient to cause lethal internal bleeding,.



INTRODUCTION xvii

The Future of Pesticides

Pesticides are and will remain an important part of pest control simply
because they are the cheapest means of controlling pests over large areas.
Organic chemists will continue to design compounds that kill pests, all
the time aiming to produce chemicals that are potent but with an accept-
able level of environmental toxicity. The past has shown us that the full
extent of a pesticide’s impact on the environment may only be realized
several years or decades after their introduction. The worrying fact is that
we still don’t fully understand how these chemicals can influence the be-
havior and physiology of other animals, including ourselves. Perhaps in 50
or 100 years’ time pesticides will be considered obsolete and dangerous in
light of other scientific and technological advances.

PESTICIDES AND THE ENVIRONMENT

Throughout the 1950s some scientists began to voice their concerns about
the widespread use of synthetic insecticides, but the momentum generated

The thinning of brown pelicans” egg shells exemplifies the dangers of using DDT,
which is now banned in many countries. (U.S. Fish & Wildlife Service / Steve
Van Riper)
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by dramatic results and corporate-sponsored research went some way to
drowning out these fears. It wasn't until 1962 with the publication of Si-
lent Spring by Rachel Carson that the concerns of many were presented in
a way that was accessible to people other than scientists. In Silent Spring,
the devastating ecological impact of organochlorines was exposed.

Organochlorines—A Persistent Problem

Organochlorines, such as DDT, are very soluble in lipids; therefore a
small animal such as a caterpillar exposed to a sublethal dose of DDT
will accumulate the compound in the fatty deposits of its body. When a
small bird such as a sparrow eats 50 or 100 hundred such caterpillars it
will accumulate the DDT in its fat tissue at a much higher concentration
than was in the caterpillars it ate. When a top predator such as a raptor
eats 50 or 100 such sparrows it receives an enormous dose of DDT. In
birds especially the effects of DDT were unparalleled. DDT is not ef-
ficiently metabolized in animals and it builds up, interfering with many
physiological processes, such as calcium metabolism—crucial in birds for
the formation of the eggshell that protects the developing young. A bird
heavily contaminated with DDT lays eggs with very thin shells that crack
under the slightest pressure and the embryos within die. Organochlorine
use caused significant declines in bird populations as well as other animals,
effects that prompted the outright 1970s ban on agricultural use in the
United States.

To this day, more than 30 years after the widespread use of organochlo-
rines was banned, large mammals including humans are contaminated
with high levels of these compounds. Breastfeeding mothers inadvertently
feed their babies organochlorines as the compounds accumulate in breast
tissue and its lipid-rich secretions. In the arctic, large mammals contain
such high levels of organochlorines and other persistent organic pollutants
that their washed-up bodies are sometimes classed as hazardous waste.
The effects of these persistent organic pollutants on human health and eco-
system functioning are poorly understood, but they have been implicated
as causative agents of some of the world’s most important diseases, such
as diabetes, cardiovascular disease, and cancer. Most worrying of all is that
organochlorines are still being produced even though we know they accu-
mulate and cause damage, the full extent of which is unknown, in all
animals.
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Avermectins and Ivermectins—Disaster for Dung Fauna

The avermectins and their synthetic derivatives, the ivermectins, are also
of considerable environmental concern. These compounds are used to
treat parasitic worm and insect infections in livestock, pets, and occasion-
ally humans. In more affluent countries they are often used prophylac-
tically to prevent the animal(s) in question from becoming infected in
the first place. Initially thought to very safe, it is becoming increasingly
clear that avermectins and their derivatives are far from innocuous in the
environment. They are relatively stable compounds and often find their
way into the environment via the feces of the treated animal. Livestock
produce huge quantities of dung, which is a valuable resource for many
animals, including countless invertebrates that depend on it for food. In
turn these invertebrates are food for a huge range of vertebrates, includ-
ing birds, terrestrial mammals, and bats. The avermectins and ivermectins
are potent enough to kill the invertebrates that seek to take advantage of
dung once it leaves an ungulate. Drastic reductions in this dung fauna
has huge ramifications further up the food chain and in areas where these
chemicals are routinely used there have been notable declines in birds and
mammals.

Tributyltin—Marine Gender-bender

Another example of the devastating consequences of widespread pes-
ticide use is the compound known as tributyltin (TBT), a substance
that is used for many applications, including timber treatment and
as an antifouling additive in ship paints to prevent the settling and
growth of aquatic organisms. Over the years, significant quantities of
TBT have found their way into the ecosystem and only in recent times
have their physiological effects become apparent. Marine molluscs, es-
pecially gastropods, seem to be very sensitive to these compounds and
at sublethal concentrations they can have very damaging effects. One
of these is the strange condition known as imposex, where a female
gastropod develops male sexual organs and vice versa, with obvious
consequences for reproduction. TBT is very fat-soluble and relatively
stable; therefore it is known to accumulate in the livers of large marine
mammals, but it is still not known what effect this substance has on
these animals.
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Pesticides and Environmental Protection

Organochlorines, avermectins, and TBT show just how damaging our
profligate use of synthetic pesticides has been for the environment as a
whole. It’s very likely that the known extent of the pesticide problem is
only the tip of the iceberg. Honeybees, fundamental in the pollination of
a huge number of crops, have been found to contain around 120 different
pesticides, of which the neonicotinoids are considered to be among the
most troublesome. How this complex chemical cocktail affects the biol-
ogy of the bee is unknown, but this figure goes to show just how pervasive
these compounds are in the environment. After 50 or so years of use syn-
thetic pesticides are everywhere, from the food we eat to the furnishings in
our homes. What are these chemicals doing to us? There is a growing body
of evidence to suggest that persistent organic pollutants such as pesticides
have a hand in causing many diseases, but a great deal more research is
needed to define their true impact on us and the environment on which
we ultimately depend. In the future, scientists with the gift of hindsight
may look back at the mid- to late 20th century with astonishment at how
we poisoned ourselves and the planet so spectacularly.

Ever since the agricultural revolution, crop yields have increased to feed
an ever-growing population. As this rate of growth accelerates, so will the
pressure on farmers to wring every last ounce of cereal, potato, or beef
from their land. Many farmers see pesticides as a cost-effective means of
controlling pests and an aid to improving productivity, but the stark real-
ization is that this approach is hopelessly short-sighted. The environmen-
tal cost of pesticides and the evolution of resistance in the target organisms
necessitate a complete reappraisal of the trajectory on which we now find
ourselves. Do we go on poisoning ourselves and other organisms and face
the long-term consequences, or do we use our intelligence to live our lives
more in tune with nature?

PESTICIDE RESISTANCE

Nature’s strength lies in its adaptability and it is this trait that has under-
mined the effectiveness of pesticides. If we consider the example of an
insecticide being used to control the population of a beetle that is capable
of ravaging a particular crop never previously exposed to such a chemical,
we can imagine what might happen when we factor in genetic variability.
Almost all of the beetles in the population will succumb to the insecticide.
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However, there will be a tiny number of beetles with a chance genetic mu-
tation that enables them to deal with the insecticide and break it down.
Often this mutation is in a gene that codes for an enzyme involved in
metabolism. In essence, these beetles are resistant to the insecticide. They
will pass on the mutation that confers this resistance to their offspring and
in a short space of time the beetle population will have recovered—made
up entirely of individuals resistant to the insecticide.

The example above is just one way in which resistance to a pesticide can
be conferred. In other forms of resistance, an individual in a population
of a target species may possess multiple copies of a gene with instructions
for producing an enzyme that breaks down the pesticide, rather than just
one copy. With more of the enzyme the animal in question is better pro-
tected. In other cases, a target animal may possess mutations that result in
behavioral changes as subtle as preferring places to rest that may protect
the animal from the liberal application of pesticides.

Pesticide resistance is not limited to insects. Rodents, although not in
the same league as insects when it comes to population growth, are still
prolific breeders able to produce several generations per year. Over time,
rodent populations, especially those of the brown rat, a serious problem in

The Colorado potato beetle has evolved resistance to many different types of insecti-
cide. (iStockPhoto)
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cities the world over, have become resistant to some of the anticoagulants
used to control them. In many places around the world there are now rat
populations with resistance to several types of anticoagulant.

Resistance is a huge problem confronting the widespread use of pesti-
cides, which parallels the emergence of antibiotic resistance in bacteria.
Insects and other animals such as rats are so abundant and their genera-
tion times are so often short that a mutation conferring resistance can be
rapidly duplicated until an entire population of a given pest possesses it.
The normal response in this situation is to switch to another pesticide
with a different mode of action, a strategy that works in the short term
until individuals with mutations conferring resistance to both compounds
dominate the population and go on making a nuisance of themselves. In
this way a pest can quickly develop multiple resistance, making it invul-
nerable to all the pesticides thrown at it. Another means of limiting the
impact of pesticide resistance and extending the useful life of a particular
product is by limiting their use to pesticide outbreak, rather than using
them prophylactically.

PESTS AND ECOSYSTEMS

For the person seeking to protect crops or the person trying to safeguard
human health, pests are nothing but a bad thing that need to be elimi-
nated. This point of view is blind to our place in nature. Even in the 21st
century with an understanding of the complexity of the natural world, we
as a species still seek to control and dominate everything around us. From
a purely biological perspective we are simply a dominant species taking
over, but what sets us apart from the rest of the animal kingdom is our
intelligence. Our inquiring minds have allowed us to recognize our place
in nature: we are one cog in a complex machine and the damage we are
doing to the environment will make the earth less able to support complex
organisms such as ourselves.

Tsetse and the African Wilderness

The animals we call pests have been doing their thing for millions of years
and they don’t purposefully intend to harm us or eat our crops. The prob-
lem lies in our increasing insulation from the natural world and the way
in which we have modified the environment. The existence of many spe-
cies we know as pests is one reason some parts of the world retain areas
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Intensive livestock rearing is still restrained in sub-Saharan Africa by numerous
diseases, many of which are transmitted by insects. Gradual control of these diseases
will result in a reduction in biodiversity as intensive livestock farming becomes more

widespread. (FAO/18780/1. Balderi)

of wilderness. An example of how a pest can protect biodiversity is the
humble tsetse of Africa. Much of low-lying fertile Africa is still free from
intensive agriculture largely due to the impact of the tsetse rather than a
magnanimous decision to preserve these treasure troves of biodiversity for
subsequent generations. Multinational corporations have tried for some
time to introduce productive, nonnative breeds of cattle into Africa to
establish a cattle industry that is lucrative for everyone apart from the local
inhabitants of these areas. However, these cattle have no natural immu-
nity to the parasites and pathogens transmitted by biting flies like tsetse.
No sooner are these cattle introduced than they succumb to the diseases
transmitted by these flies.

Pest and Host Interactions—Hidden Complexity

Pest species inadvertently protecting natural habitat from develop-
ment is one facet of the relationship these animals have with the wider
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environment. In this book, we briefly look at some of the nonsegmented
worms that are internal parasites of humans and domesticated animals.
These intimate relationships between host and worm have evolved over
millions of years, yet the complexity of these interactions is poorly under-
stood and the same goes for the relationships that exist between microbes
and their hosts. The nematodes, trematodes, and cestodes have been part
of vertebrate life for a vast length of time, as evidenced by some of their
bewildering life cycles. Scientific research is beginning to tease apart the
subtleties of these interactions. If we look at the way in which the im-
mune system of humans deals with these parasites it appears that the
two groups have evolved together for so long that there is an almost an
element of mutual need. In Western, affluent societies where good health
care has more or less eradicated many of these parasites, the incidence of
immune system dysfunction, such as allergies, autoimmune disease, and
cancer, is much higher than in developing countries where the parasite
burden is far higher. Have we been overly hasty in trying to eradicate
these parasites before we fully understand their inextricable and ancient
links with us, their hosts? 'm not suggesting that people in developed
countries should inoculate themselves with the eggs and larvae of para-
sites, but as with anything in nature the face value of a relationship belies
its true complexity. These parasites undoubtedly cause disease in humans
and other animals, but before we blindly try and eradicate them from the
face of the earth let’s try and figure out the intricacies of the relationship
and what they mean for the immune system and disease.

Our Place in the Environment and Our Obligations

The examples above demonstrate the complexity of seemingly simple
problems as well as making it painfully clear that humans are simply one
animal among many, all of which share a planet and a common heritage.
Some people may argue that the natural world is there for us to do as we
please, but living in this way will eventually erode the very systems that
keep us alive. Destruction of the environment is most often carried out
by and on behalf of corporations, which may prioritize profits over careful
consideration of environmental impact.

The degradation of our environment is accelerating, a result of a bur-
geoning human population. At the current rate of population growth there
are around 70 million more people on the planet every year, all of whom
need food, water, somewhere to live, and an infrastructure to supply all



INTRODUCTION  xxv

these things. This places a huge burden on rapidly dwindling natural re-
sources. Massive leaps in science have provided us with ways of controlling
disease and the vectors of disease, but at what cost? Without these natural
limits on population growth, the number of Homo sapiens will grow at an
ever-accelerating rate until our impact on the natural world is enough to
make this planet inhospitable to human life.

When we stop to consider humans as just another, albeit intelligent,
animal, we are faced with the brutal possibility that we, as a species, are a
global pest. Our numbers increase unchecked and we wipe out many of
the other species that share the planet with us. We consume natural re-
sources and change the planet to suit our own ends with scarcely a thought
for the delicate mechanisms that keep conditions on earth conducive to
human survival.

If we are to avert a disaster of our own making in the future, we need
a complete shift in thinking, beginning with recognition of our place in
nature and commitment to living in harmony with the natural world.
Our attitude toward pest animals perfectly demonstrates the growing gulf
between humans and the natural world. The problems presented by pests
would be less intense and the need to relentlessly pursue them with toxic
chemicals would be much reduced if we could stem human population
growth and produce food in a more sustainable manner.

MODERN AGRICULTURE

As the human population grows, the agricultural industry needs to in-
crease production to supply the ever-growing demand for food. Since the
agricultural revolution in the 18th century, agricultural productivity has
increased, initially aided by improvements in techniques and then by ad-
vances in plant breeding, fertilizers, and pesticides. Today, many farmers
believe that the most cost-effective way to feed the burgeoning human
population is by dedicating huge areas of land to a cropping system known
as monoculture. A monoculture is an area of land planted with a single
crop. Monocultures make it easier for farmers to sow, manage, and harvest
their crop. It is the most widely practiced agricultural system, but this ex-
treme environmental homogeneity is in stark contrast to the heterogeneity
of natural habitats where many species exist side by side.

The monoculture system is beset with problems, namely diseases and
pests. An artificial environment that favors the growth of one species over
all others is a perfect breeding ground for the organisms that feed on this



Xxvi INTRODUCTION

Monocultures are the basis of
modern intensive agriculture and
the crop yields from these sys-
tems are maintained with large
inputs of fertilizers and pesticides.
(Dreamstime)

crop and their numbers can swell enormously. Monocultures are defined
by a reduction in biodiversity and the natural enemies and competitors
of the organisms that destroy the crops are less abundant or even absent.
With natural control severely limited, pests and diseases in these monocul-
tures can abound. The situation is exacerbated by selective plant breeding
that produces cultivars with high yields, but low resistance to these prob-
lematic organisms. In the early days of synthetic pesticides the problems
presented by pests and diseases in monocultures were surmounted for a
few years, but as resistance to these chemicals began to evolve, farmers
were forced to use greater and greater quantities as well as new chemicals
and chemical cockrails to achieve the same effect.

Integrated Crop Management

The environmental damage wrought by pesticides made it clear that such
conventional cultivation with an over-reliance on chemical inputs was not
sustainable in the long term. There has been something of a renaissance
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in using biodiversity and refined growing techniques to produce food in a
sustainable manner.

This new approach is broadly termed integrated crop management
(ICM). Although it’s not really new, it does offer us a viable, environ-
mentally sound means of growing food. ICM encompasses the following
strategies:

* Crop rotations
* Appropriate cultivation techniques
* Careful choice of seed varieties

* Minimum reliance on artificial inputs such as fertilizers, pesticides, and
fossil fuels

* Maintenance of the landscape

* Enhancement of biodiversity

Crop Rotations and Intercropping

Crop rotations are an important part of ICM as they increase the di-
versity of crop species, helping to prevent disease and limit the impact of
pests. In a crop rotation a given area of land is rotated through different
crops from year to year. One year the ground may be sowed with clover,
a plant that uses symbiotic bacteria to convert nitrogen from the air into
nitrates that enrich the soil for subsequent crops, such as corn. Crop rota-
tions are extremely useful in preserving soil fertility and soil structure as
well as minimizing erosion by ensuring adequate crop cover, good root-
ing depth, and reduction of soil compaction. In a crop rotation system,
disease-resistant plant cultivars can minimize the need for inputs such as
pesticides.

There is a huge variety of cultivation techniques available to farmers
who want to explore ICM and the benefits it offers. Intercropping is an-
other facet of sustainable farming, where two crops are cultivated together.
The characteristics of each crop complement one another and growing
both together is advantageous for both cultivation and pest and disease
control. In some situations one of the cultivated plants may not be a crop
as such. For example, leguminous vegetables such as peas can be planted
alongside flowers such as marigolds. The strong odors produced by the
marigolds make it very difficult for pests such as aphids to locate their host
plant as they do so primarily by detecting and flying towards the odors
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produced by peas. The exact system of crop rotation and intercropping
varies from region to region and also depends on the preferences of the
farmer and his experiences.

Minimal Cultivation

Another key part of ICM is minimal cultivation, basically spending
less time and energy preparing the ground for a crop. This may seem
counterintuitive, as any gardener will know that the state of the ground
is crucial in producing strong and healthy plants. However, the differ-
ences in yield between minimal cultivation and normal cultivation are
outweighed by the benefits: reduced fuel usage, reduced soil erosion, and
huge benefits for the soil-dwelling organisms, many of which help to keep
the soil mixed and help to control pests such as earthworms and preda-
tory beetles and spiders. In minimal cultivation strategies the only time
when the farmer uses more conventional methods is in effective seedbed
preparation, which enables the crop to become firmly established. Again,
the type of minimal cultivation a farmer chooses depends heavily on the
soil type, climate, topography, and individual preferences.

Reduced Chemical Inputs

Reducing inputs is instrumental in ICM and perhaps the biggest input
in conventional farming is the use of fertilizers. Reducing the input of
these chemicals is dependent on an understanding of individual crop re-
quirements, particularly how much of the soil’s nutrients a particular crop
removes and therefore must be replaced. The amount of fertilizer already
present in the soil as residues also needs to be assessed. To make all of these
assessments, regular analysis of the soil is recommended, which provides
the farmer with the information he needs to make a decision on how
much or how little fertilizer he needs to apply.

The second largest input in conventional farming after fertilizers is
pesticides, and although ICM doesn’t advocate abandoning these chemi-
cals, its success does hinge on their judicious usage. In situations where
the use of pesticides is seen as unavoidable, a highly selective compound
must be used carefully to limit the damage to nontarget organisms, many
of which are crucial as predators of plant pests. Often, the numbers of
a pest may not grow to a size where they cause economic damage to a
crop—the so-called economic threshold. To assess pest populations the
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farmer can place traps in the crop to determine if pesticide application is
appropriate.

Restoring the Balance of Nature

ICM also aims to reduce pesticide inputs by creating or restoring habi-
tats that are conducive to the survival of natural enemies of plant pests.
These natural enemies include organisms as diverse as birds and parasitic
fungi. Minimal cultivation ensures that the microhabitats required by
predatory animals such as beetles and spiders are not disturbed, leaving
their populations intact. Both the adults and larvae of rove beetles and
ground beetles are voracious predators of plant pests in agricultural en-
vironments, but they are very sensitive to disturbance and the effects of
insecticides. Similarly, spiders require a heterogeneous habitat in which to
hunt effectively and such habitats are encouraged in ICM.

The habitats surrounding a crop can be managed in a way that makes
them attractive to animals that feed on or parasitize plant pests. For ex-
ample, plants producing nectar-rich flowers can be encouraged in field
boundaries as these are used as a food source by the myriad wasp species
that prey on plant pests. Similarly, many species of plant often referred to
simply as weeds produce seeds that attract birds, who then feed on any
invertebrate pests they can find. Woodlands, hedgerows, and ponds in
close proximity to crops should be encouraged and managed sympatheti-
cally for wildlife as they make the cultivated environment more heteroge-
neous, which in turn increases biodiversity and enhances the populations
of natural enemies.

Integrated Pest Management as a Part of ICM

The cultivation techniques, reduced inputs, and habitat management
of integrated crop management also form part of the strategy known as
integrated pest management (IPM). Integrated pest management came
into being in the 1960s, prompted by the large-scale failure of insecti-
cides, specifically in cotton production, where more than 12 sprayings of
insecticide per crop were used to control the devastating insect pests of
this important plant.

For an IPM strategy to be successful requires a thorough understanding
of crop fauna, both the crop pests and the natural enemies. This knowl-
edge needs to include the basic ecology of the species in question and how
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they respond to their environment. Therefore, scientists will need to build
an understanding of the reproductive capabilities of these animals, how
they interact with other species, and how environmental variables such
as weather, soil, and the availability of water, nutrients, and shelter will
impact their numbers. Accumulating this information is time-consuming
but also hugely instructive in developing ways of controlling pests without
resorting to chemicals. An important part of IPM not already discussed
above is the release of natural enemies such as wasps, flies, nematodes,
fungi, bacteria, and viruses, all of which are known to attack the pest
in question. Biological control of this type is known to work very well
in closed environments such as glasshouses where the biological control
agents are confined to a specific area. In the open landscape, some biologi-
cal control agents work less well as they tend to disperse before they do
their job. Other methods of control that can work well in IPM strategies
include various types of trap, which can be enhanced by incorporating
pheromone attractants, although these are only available for a small num-
ber of pests. These pheromones can also be used to interfere with the
reproductive behavior of the pests in question.

A well-thought-out IPM strategy has significant economic and envi-
ronmental benefits, but many farmers even today are reluctant to adopt
this approach. IPM strategies can only be founded on in-depth biological
research of a pest and its natural enemies and all too often the necessary
information is lacking or fragmentary. Also, IPM is perceived to be com-
plex, especially when compared to simply spraying a crop with pesticides.
Often, it is mistakenly assumed that IPM is used in place of conventional
pesticides, but this is not the case. IPM strategies do incorporate insecti-
cides, but the insecticides are used much more judiciously.

ICM as a Sustainable Means of Growing Food

ICM is a whole-farm approach to growing crops because it looks at
the wider environment and asks how nature can be harnessed to help
produce food in a sustainable way. Many farmers are still skeptical about
the benefits of ICM, but the figures speak for themselves. Generally, ICM
is associated with a 5-15 percent reduction in yields, but as the farmer’s
experience grows, yields become more comparable to conventional culti-
vation systems. However, when we line this yield reduction up against the
savings made in ICM systems and the benefits to the environment it be-
comes clear that conventional cultivation can’t really compete. Integrated



INTRODUCTION XXXI

crop management reduces costs by around 20-30 percent, reduces pes-
ticide and fertilizer usages by 3070 percent and 16-25 percent, respec-
tively, as well as preserving the overall quality of the end product—the
crop. Perhaps the most important consideration of all for farmers who
are increasingly well-versed in business is that ICM maintains or even
slightly increases gross profit margins. ICM therefore provides us with a
way of growing food that is less time-intensive, less land-intensive, and
ultimately much better for the environment.
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Arachnids

Chiggers

Barely visible to the naked eye, chiggers, also known as red bugs and
harvest mites, are larval mites belonging to a number of species in the
family trombiculidae. The most important species are Trombicula alfred-
dugesi, 1. autumnalis, T. splendens, and several members of the genus Lep-
totrombidium (see table). Like all mites, chiggers have a fascinating life
cycle comprising several stages, the significance of which is still poorly
understood. These mites are only problematic for part of this life cycle,
but that doesn’t really detract from the annoyance they are capable of
causing.

Female chiggers deposit their eggs on the ground in soil or amongst
leaf litter. After around six days the egg splits open to reveal an inactive
stage, the deutovum. After another six days the deutovum develops into
an active, six-legged larva, which is the chigger—the only stage in the life
cycle of these mites that feeds on other animals. The larva (chigger) must
locate a host and it does this in the same way as ticks, by waiting for a
suitable animal to wander by so it can clamber aboard. Chiggers aren’t
fussy when it comes to hosts and they will quite happily feed on a wide
variety of vertebrates, including amphibians, reptiles, birds, and mam-
mals. Chigger feeding is a remarkable process. Unlike many ectoparasites
they don't feed on blood. Instead, they pierce the skin and inject saliva
into the underlying tissues, killing and digesting the host cells, turning
them into a nutritious soup that can sucked up by the mite along with
the fluids surrounding the host cells. Other components of the saliva act
on the cells surrounding the damage, hardening them to form a tube that
the chigger uses as a drinking straw to access more host soup, so to speak,
until the chigger is fully engorged after three to five days. Replete with
food, the chigger drops off, leaving the parasitic way of life behind, and
it enters another inactive stage, the nymphochrysalis. Two more stages
follow, an eight-legged nymph and a further resting stage, the imago-
chrysalis, which gives rise to the eight-legged adults. These adults, like the
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Chiggers are the larvae of certain mite species and they can cause severe irritation
when they bite humans. (Dennis Kunkel Microscopy, Inc./Visuals Unlimited/
Corbis)

larvae, are fearsome (albeit tiny) predators of various invertebrates, such
as springtails, in the leaf litter and upper parts of the soil. Such a complex
life cycle takes time to complete and depending on the species and the
geographic location it can take between two months and a year. In tem-
perate locations, there are one to three generations per year, while in the
tropics there are continuous generations.

Chiggers do feed on humans, but we are accidental hosts rather than
preferred hosts and the problems caused by these larval mites don't re-
ally extend past their nuisance value and the skin complaints they cause.
However, in certain areas they are known to transmit disease to humans.
Humans typically pick chiggers up from outdoors when the chiggers are
waiting in vegetation for their preferred hosts to wander by. If these im-
mature mites do find themselves on a human they make for areas where
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The Important Chigger Species around the World

Period of
Species Range Natural hosts Habitat larval activity
Trombicula \Western Amphibians, Typically edge Summer and
alfreddug- hemi- birds, reptiles, habitats, i.e., early fall in
esi sphere— and mammals woodland edges temperate
Canada to areas, year
Argentina round in the
and West tropics and
Indies subtropics
Trombicula Europe Mammals, es-  Grassland and Late summer
autumnalis pecially rabbits cultivated land and early fall
and rodents,
ground-dwell-
ing birds
Trombicula Eastern Snakes and Similar to T. Similar to T.
splendens  United turtles, but alfreddugesi, alfreddugesi
States also found but abundant in
on other wet areas, e.g.,
vertebrates swamps and
bogs
Leptotrom- Central, Small ground-  Typically edge Late summer,
bidium southern,  dwelling habitats and fall
spp. and east-  rodents abandoned or
ern Asia poorly tended
and Pacific agricultural land

islands

clothing fits snugly against the skin, such as the elastic parts of underwear
and the waistbands of shorts and trousers. Because of their small size their
mouthparts are only sufficient to pierce thin skin, such as the opening of
a hair follicle. The saliva that chiggers inject when they feed causes an im-
mune response noticeable as small areas of raised, inflamed, and very itchy
skin. Even after the chigger has finished feeding or has been dislodged by
scratching, the inflammation and itching persist, occasionally for several
days. Scratching of these tiny wounds can lead to secondary bacterial in-
fections, which in very rare cases may become serious, but more normally
leads to small, slowly healing wounds. There are rare reports of the saliva
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of chiggers causing nervous system symptoms in dogs, including partial
paralysis.

Aside from the irritation they cause, chigger species in the genus Lep-
totrombidium are vectors of tsutsugamushi, also known as scrub typhus,
a potentially serious disease caused by the bacterium Orientia tsutsuga-
mushi. Small outbreaks of this disease as well as regular cases from year
to year have been reported for many decades from central, southern,
and eastern Asia, but in recent years the number of reported cases has
increased sharply. Between 2001 and 2005, 1,889 cases of this disease
were reported in Japan, whereas the number of cases reported from Korea
during the same period of time was 17,451. In both cases, the greatest
number of cases occurs during the autumn months as a result of agricul-
tural workers being in close contact with their crops during the harvest.
Agricultural land (especially that which has been left fallow) supports
large numbers of small rodents, the preferred hosts of Leptotrombidium
species larvae.

Chiggers are very numerous creatures in various parts of the world and
in the vast majority of cases, infestations, even large ones, do not cause
any significant problems. Because of their limited impact beyond simply
being a nuisance it often makes no economic sense to try and control
them. The simplest means of avoiding chigger bites is to steer clear of
their preferred habitats during periods of peak abundance—typically late
summer and early fall, although this depends on latitude. If scrub typhus
becomes more of a problem in the future, then control of the chiggers
that transmit this disease may be necessary, but as we have learned with
the attempts at controlling related parasites, such as the Varroa mite and
ticks, the parasitic arachnids are exceptionally difficult to control. The
most successful course of action in limiting the impact of these animals on
human and animal health is increasing our understanding of their biology
and preventing them from biting wherever possible.

FURTHER READING

Bang, H. E., M. ]. Lee, and W. C. Lee. Comparative research on epidemiologi-
cal aspects of tsutsugamushi disease (scrub typhus) between Korea and
Japan. Japanese Journal of Infectious Diseases 61(2008): 148-50.

Mullen, G. R., and B. M. O’Connor. Mites (Acari). In Medical and Veterinary
Entomology (G. R. Mullen and L. A. Durden, eds.). pp. 433-93. Aca-
demic Press, San Diego, CA, 2009.



ARACHNIDS: HOUSE DUST MITES 5

House Dust Mites

Mites are everywhere, even in our homes, and often in very large numbers.
Any home will support many species of mite and some dwellings in urban
locations have been found to support 19 species of these little arachnids.
Of all these microscopic lodgers there are three species of dust mite in the
home that are of special importance and which account for 90 percent of
the house dust mite fauna:

* Dermatophagoides pteronyssius (European house-dust mite)
* D. farinae (American house-dust mite)

* Euroglyphus maynei

The ancestors of these arachnids evolved at least 20 million years ago
to take advantage of the food resources on offer in the nests of birds
and mammals. Around 10,000 years ago humans began to live more
settled lives and the door was literally wide open for these arthropods to
take up permanent residence with us. To these microscopic arachnids,
our homes, particularly our beds, are nothing more than enormous bird
nests.

In the home they feed on all the detritus that constitutes the dust
against which many people fight an obsessive war, although the mites de-
rive much of their nutrition from the shed human skin cells that make up
the bulk of this material. Every day, a person sheds 0.5-1 grams of dead
skin cells and several thousand mites are able to survive for several months
on just 0.25 grams of this material, which means that any home or place
of work is a veritable banquet for these tiny animals. The mite’s digestion
of this material appears to be rather inefficient as they eat their own fecal
pellets up to three times over to maximize the extraction of nutrients from
their food.

The density of house dust mite populations vary according to the state
of the living conditions in the homes where they are found, specifically the
temperature and humidity. The favored relative humidity of these mites
is at least 65-70 percent because atmospheric moisture is where they get
their water. When the relative humidity falls to less than 50 percent the
mites can only survive for 6-11 days; however, the protonymphs (an in-
active, immature stage in the lifecycle) and the eggs can resist desicca-
tion and are able to survive longer periods of adverse conditions. Each
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Millions of dust mites inhabit the home, feeding on
dead human skin cells and fungi that are common in
house dust. (Dennis Kunkel Microscopy, Inc./Visuals
Unlimited, Inc.)

female house dust mite can lay 40-80 eggs and under perfect conditions
(70% relative humidity and 23°C) development from egg to adult takes
just one month.

Thanks to their small size, house dust mites are able to colonize new
human dwellings very easily. They can be inadvertently transported on
our clothes, in furniture, and in the fur of our pets. Once they've reached
a new building their populations increase over a 10-year period as dust
steadily accumulates. Eventually, the populations of these mites can reach
staggering proportions. In heavily infested homes, a gram of dust from
a mattress can contain 5,000 house-dust mites, the thought of which is
enough to make even a bug-lover itch. The large numbers of dust mites
a house can support is the reason why they can be a problem. Over time,
bits of mite cuticle, dead mites, and fecal pellets, as well as the powerful



ARACHNIDS: HOUSE DUST MITES 7

Dust Mite Species Commonly Encountered in Human
Dwellings

Species Geographic distribution

Dermatophagoides evansi North America, Europe

D. farinae Essentially worldwide (more common in
North America than Europe)

D. halterophilus Singapore, Spain, tropical regions

D. microceras Europe

D. neotropicalis Tropical regions

D. pteronyssinus Essentially worldwide (more common in
Europe than North America)

D. siboney Cuba

Euroglyphus maynei Essentially worldwide

Hirstia domicola Present throughout studied regions

Malayoglyphus carmelitus Israel, Spain

M. intermedius Present throughout studied regions

Pyroglyphus africanus South America

Sturnophagoides brasiliensis  Brazil, France, Singapore

enzymes they contain, all start to build up, ending up on the floor, on
clothes, on bedding and furniture, and in the air. The fecal pellets of these
arachnids are so small that if they are disturbed in an unventilated room
during a frantic bout of cleaning, they remain airborne for up to 20 min-
utes, perfectly positioned to be inhaled. These bits and pieces of mite,
particularly the enzymes contained within the fecal pellets, are very anti-
genic, which means they can elicit a strong immune reaction in sensitive
individuals. One of the mite gut enzymes that finds its way into the fecal
pellets of these arachnids is very invasive in the human body. This enzyme
has been detected in the amniotic fluid of pregnant women and even in
the blood of their unborn babies following its inadvertent inhalation by
the mother. The presence of dust mites is also associated with a number of
bacterial and fungal species that are able to thrive on the skin component
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of dust and the copious feces produced by the dust mites. Some of these
microorganisms are themselves a public health concern as they have been
implicated in various human diseases.

The propensity of these mite particles to trigger a powerful immune
response is a direct result of two things—the indoor environment and our
increasingly obsessive attitude toward hygiene. In recent decades humans
have become obsessed with hygiene, which is no bad thing as far as reduc-
tion in the incidence of potentially life-threatening diseases. However, the
downside to this obsession with hygiene is that our sophisticated mam-
malian immune system does not encounter challenges of the severity or
frequency for which it was designed; therefore it becomes hypersensitive
and reacts disproportionately to challenges that are inconsequential to our
well-being. In many people, this disproportionate response manifests as
asthma and related disorders such as allergic eczema, allergic rhinitis, and
conjunctivitis. It has been found that house dust mite allergens act as a
trigger for asthmatic attacks in 85 percent of people with this potentially
lethal condition. On one hand, we have lessened our ability to effectively
deal with challenges to our immune system and on the other we have
provided organisms like the house dust mites with almost perfect living
conditions where the humidity and temperature are more or less constant
and food is plentiful.

The almost ubiquitous presence of house dust mites in the built envi-
ronment around the world and their ability to trigger disease has made
them the subjects of intensive research aimed at understanding the in-
tricacies of their association with allergy and the ways in which their
populations can be controlled. It is worth mentioning that eradicating
these arachnids from dwellings is effectively impossible as viable popula-
tions can survive in the smallest recesses on tiny quantities of food. The
best we can ever hope to achieve is control of house dust mite popula-
tions by making the built environment less attractive to these animals.
Furnishings and fittings can be used that offer these mites fewer places
to hide and provide fewer places for the accumulation of dust. In ad-
dition, improving ventilation in dwellings and reducing temperatures
by a degree or two can make conditions less conducive to dust mite
survival. Certain pesticides based on benzyl benzoate are also used in
an attempt to control dust mite populations, but it is not clear how
effective these products are or how their potential accumulation could
affect the health of humans and pets inhabiting dwellings where they are
routinely applied.
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FURTHER READING

Arlian, L. Biology and ecology of house dust mite. Dermatophagoides spp. and Euro-
glyphus spp. Immunol. and Aller. Clin of N. America 9(1989): 339-56.

Walter, D. E. Mites: Ecology, Evolution and Behavior. CABI Publishing, Walling-
ford, United Kingdom, 1999.

Scabies Mite

The mites, Sarcoptes scabiei, that cause the disease known as scabies are
microscopic creatures, which is somewhat of a blessing given their ex-
ceedingly unsavory appearance. No parasitic mite can be considered to be
attractive, but the scabies mite really drew the short straw when it came
to looks. They look like bumpy little sacks sprouting a few long bristles,
trundling around on stumpy legs. The adult females are a little less than
half a millimeter long, whereas the adult males are even smaller.

Scabies mites tunnel under the skin of humans and other animals
causing intense irritation. (Visuals Unlimited/Corbis)
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From a zoological point of view, these mites are obligate parasites of
a wide variety of domestic animals and each host has its own variety of
S. scabiei. For example, the variety encountered on humans is S. scabiei
var. hominis, while the type found on horses is S. scabiei var. equi. These
varieties are morphologically indistinguishable from one another and they
certainly have no problem parasitizing domesticated animals other than
the species they are typically found on, so it remains to be seen if they are
genuinely varieties or simply all members of the same species in the very
early stages of speciation. The evolutionary origins of these mites is very
poorly known, but must be very interesting as they may be an ancient par-
asite of humans that has taken up residence on all the animals our species
has domesticated in the last few thousand years. Alternatively, they may
be a recent addition to the roll call of human parasites after they moved
onto us from one of our domesticated menagerie. Regardless of the details
of their evolutionary origins these mites have proved to be very successful
parasites, able to survive and thrive on a range of hosts.

Mites often have fascinating life cycles and the scabies mite is no ex-
ception. Gravid females wander on the skin to find a suitable place to
excavate a burrow. Despite their tiny size and stubby legs, they can move
relatively rapidly—about 2.5 centimeters per minute. Once she’s found
a desirable spot, the female uses the long bristles on her hind legs to tilt
her body so that she’s almost vertical and then, like a miniature drill-bit,
she uses her forelegs, mouthparts, and a skin-dissolving secretion to pen-
etrate the surface of the skin and excavate a burrow in the upper parts
of the epidermis. Each day, the female lengthens the burrow by about
0.5 millimeters, feeding on the skin epidermal liquid and laying eggs as
she goes until she has excavated a winding tunnel around 1 centimeter
in length. The eggs hatch and the larvae remain in their mother’s burrow
for about a day before crawling out onto the surface of the skin, where
they excavate small burrows, known as molting pouches, in which they
develop into nymphs and then adults. The time taken for an egg to de-
velop into an adult is around 10 days for males and 14 days for the larger
females. It is thought that less than 1 percent of the eggs laid will develop
through to adulthood. The adult males leave their molting pouches and
go about looking for mature females, who sit tight in their pouches. Mat-
ing takes place in the female’s molting pouch and with her eggs fertilized
she crawls out onto the surface of the skin to look for a suitable place to
excavate a permanent burrow in which she will deposit her eggs to com-
plete the life cycle.
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Scabies is the disease caused by the burrowing activities of these mites
and it is a problem for both humans and domesticated animals. In hu-
mans, the areas of the body typically affected are those that offer the mites
sheltered, warm, and relatively humid conditions, such as the skin be-
tween the fingers, the skin between the shoulder blades and beneath the
breasts, the skin around the genitals, and the creased skin of the elbows
and knees. The main problem with these mites is the irritation caused
by the burrowing behavior, which is actually an immune reaction to the
fragments of mite cuticle, mite feces, and eggs in the burrows. In sen-
sitive individuals, this immune reaction can be very severe, whereas in
those people with a depressed immune system, such as HIV patients, the
mites elicit no immune reaction whatsoever, allowing huge populations of
these arachnids to build up.

Scabies is a global problem and the prevalence of this disease appears
to be increasing, probably thanks to burgeoning urban populations and
the poor, crowded conditions in which many city-dwellers have to live,
especially in the developing world. The mites that cause scabies have no
respect for age, gender, ethnicity, or social class, and the disease affects all
types of people, from peasant farmers in Southeast Asia to wealthy bank-
ers in North America. It has been estimated that at any one time 300 mil-
lion people around the world have scabies and for reasons that are poorly
understood the disease appears to follow epidemic cycles, ranging from
20-30 years between peak levels of infection, possibly due to changing
levels of immunity in the human population.

As a disease, scabies is highly contagious. The mites pass from per-
son to person via direct skin contact. Even when the mites are dislodged,
they can survive on bed linen, clothes, and other fabrics for 24-36 hours
at room temperature with normal humidity (21°C and 40-80% relative
humidity)—even longer at lower temperatures with high humidity. In
view of how easily these mites can be transferred from person to person
i’s no surprise that one case of scabies in a population quickly becomes
many. In some Australian indigenous communities, 20-65 percent of
people are infected with scabies mites and in other parts of the world the
incidence can easily reach 90-100 percent during severe outbreaks in very
crowded areas.

The itching caused by these mites and the lesions that form on the
skin may not seem like a big deal, but various complications can develop
as a direct result of scabies. Bacteria, especially group A streptococci and
Staphylococcus aureus, can invade the lesions caused by the mites and the
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small wounds created by scratching, causing secondary infections. These
infections can be easily treated with antibiotics, but the immune response
to long-term infections can eventually lead to kidney and heart disease,
both of which occur commonly in populations where mite infestations are
commonplace. With all these generally unseen consequences it is extremely
difficult to estimate the full impact of scabies on humans around the world,
but we can be certain that scabies is a real and growing problem.

S. scabiei also affects a huge variety of domesticated and wild animals,
where it causes the disease known as sarcoptic mange. Canines and cervids
(deer and their relatives) are most commonly and seriously afflicted,
whereas cats and guinea pigs are the only domesticated animals not to be
troubled by this parasite. Livestock are often maintained at a high density,
so mange can be a serious problem for the agricultural industry. Mange is
considered to be a major problem in pig farming as growing pigs put on
less weight when they are infested with these mites. Their appetites fall in
response to the immune reactions and complications arising from second-
ary bacterial infections, which contributes to significant financial losses
in this industry. Dogs can also be severely affected by mange, particularly
those that have been abandoned, and it is not unusual to see animals in
this situation that have lost most of their fur, their skin covered in thick
crusts due to the mite infestations and secondary bacterial infections.

Scabies mites are very difficult to control. A number of commercial
acaricides are available that kill the mites on the host, but if the root cause
of the problem is not addressed, namely overcrowding and poor living
conditions, both of which apply to human and domesticated animal in-
festations, there will be a continual cycle of treatment and reinfestation.
Another barrier to the effective control of this parasite is the emergence of
acaricide resistance. Mites are known for their ability to rapidly evolve re-
sistance to acaricides and the causative organism of scabies is no exception.
New acaricides are being investigated that show promise in the control of
these mites, but the use of these chemicals must be accompanied by an
understanding of the parasite’s life cycle and improved living conditions
for domesticated animals, as well as people, all of which contribute to
eliminating the scabies mite from vulnerable communities.

FURTHER READING

Arlian, L. G. Biology, host relations, and epidemiology of Sarcoptes scabiei. An-
nual Review of Entomology 34(1989): 139-59.
Chosidow, O. Scabies. New England Journal of Medicine 354(2007): 1718-27.
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Walton, S. E, and B. J. Currie. Problems in diagnosing scabies, a global disease

in human and animal populations. Clinical Microbiology Reviews 20(2)
(2007): 268-79.

Scorpions

These arachnids are synonymous with danger as every single species is
venomous and is capable of penetrating human skin with their sting.
With this said, of the 1,400 or so known species of scorpion, only around
25 are known to be dangerous and capable of causing human death. The
vast majority of scorpion envenomations are due to a handful of these
species.

The scorpions are an ancient, yet extremely successful group of inverte-
brates that retain many of the features that enabled their distant ancestors
to forsake the marine environment and conquer the land more than 400
million years ago. During this transition and in the eons that followed,
scorpions evolved a host of adaptations to enable them to thrive on the
land, often in habitats that are inhospitable to many other animals. Like

Scorpions, like this Buthus occitanus use their venom with great effect to kill
their prey and defend themselves. Only a small number of species are dangerous
to humans. (Courtesy of Ross Piper)
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all arthropods, they have a tough exoskeleton that prevents excessive water
loss; theirs appears to be particularly watertight, enabling these creatures
to conserve water more effectively than most other arthropods. This wa-
terproof armor coupled with their proclivity for carrying out most of their
activities during the night means that many scorpions species are arid zone
specialists, able to live quite happily in habitats where water is in extremely
short supply.

Not only are these animals able to withstand conditions that would
wither many other animals, but they are also excellent parents. The fe-
males nurture their eggs until the young, miniature adults hatch and
crawl on to her back so that she can carry on with her normal activities
while still protecting her brood. It’s adaptations like these that make scor-
pions so successful. In some desert environments, scorpions can reach
huge population densities. In some locations, scorpions at their peak
abundance can make up more than 85 percent of the total predatory ar-
thropod biomass, with a density of 1,000-5,000 individuals per hectare.
Just how they can exist at such high densities in seemingly unproductive
habitats is something of a mystery, but it is known they convert prey
into arachnid biomass very efficiently. Their metabolism is very slow and
many species can survive for a year a more without food, but when they
do eat they gain as much as one-third of their body weight from one meal
thanks to the way that much of their digestion takes place externally.
Their slow metabolism, low-energy hunting technique (ambush), and
willingness to take a range of prey means these animals can thrive in very
marginal habitats.

The single reason why these animals can be considered to be of public
health concern is the venom they use to subdue their prey. The venom is
produced in glands in the tail and is injected into the victim via the sharp
sting at the tip of the tail. Their accuracy with this sting is remarkable even
though their eyesight is relatively poor, but this is no surprise when we
remember these animals depend on their sting to subdue their prey once
it’s been grasped by the pincers. The venom itself is a complex mixture of
compounds that have a number of effects, including inhibition or modu-
lation of the way in which electrical impulses are transmitted through the
nervous system, thereby causing paralysis of the muscles. Scorpion venom
is very different from snake venom because its evolutionary origins are
probably the secretory products of anal glands belonging to the ancient
ancestors of these arachnids, whereas snake venom can be thought of as

highly modified saliva.
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The Most Dangerous Scorpion Genera, the Potency of Their
Venom, and Where They are Found

Toxicity of venom

Genus (LD/50-mg/kg) Distribution

Leiurus 0.25 North Africa and Middle East

Buthus 0.9 Mediterranean and parts of the
Middle East

Parabuthus 4.25-100 Western and Southern Africa

Hottentotta 1.1-7.9 Southern Africa to Southeast Asia

Mesobuthus 1.45 Throughout Asia

Tityus 0.43 Central and South America,
Caribbean

Androctonus  0.08-0.5 (A. crassicauda) North Africa to Southeast Asia
0.32 (A. mauritanicus)

Centruroides 0.26-1.12 Southern United States, Central
America, Caribbean
Odontobuthus 0.19 Iran

LD/50 is explained in greater detail in the text below. See also the Snakes and
Spiders entries

In countries such as Brazil, Mexico, Tunisia, and Morocco, there are
several thousand cases of scorpion envenomation every year, often involv-
ing curious children whose hands or feet force the scorpion into a situa-
tion where it has to defend itself. In Brazil alone during a three-year period
there were 6,000 reported scorpion envenomations, 100 of which ended
in death. In the United States during 2006, more than 16,000 scorpion
stings were recorded and in a single Moroccan province (El Kelaa des
Sraghna) almost 12,000 stings were reported in a five-year period (2001
2005). The complete extent of scorpion envenomations is undoubtedly
far in excess of the figures quoted above as the majority of victims are
poor, rural dwellers with limited access to modern medical facilities and
in many cases the symptoms of the scorpion sting may be considered too
mild to seek medical attention. The symptoms caused by a sting vary both
between and within scorpion species. The symptoms also vary according
to the site of the sting and the age and health of the victim (for example,
children are much more likely to die from a scorpion sting than healthy
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adults because of their lesser body mass). The typical effects of envenoma-
tion from one of the dangerous scorpions range from flu-like symptoms
to death within one hour. Symptoms develop rapidly if the venom is in-
troduced into the body in or near a blood vessel.

The toxicity of venoms is quantified with the LD50 (lethal dose) test,
which indicates how much venom it takes to kill 50 percent of the test
animals, typically mice. The lower the LD50 value, the more toxic the
venom. Also, it’s worth remembering that humans are much more suscep-
tible than mice to many venoms, including those produced by scorpions,
so the LD50 values for humans may be much lower than those quoted in
the supporting table. You can see that the species with the most potent
venom are those in the genus Androctonus, so these can be considered to
be potentially the most dangerous scorpions. Venom potency is not the
full story, however, as the chances of humans coming into contact with the
dangerous species must also be considered.

As with all venomous animals, scorpions don’t set out to purposefully
harm humans. The venom they produce is primarily for the capture of
prey. Because venom is biologically expensive to produce, scorpions are
very judicious with its usage. Nonprey species are only stung when the
scorpion feels the need to defend itself. The propensity of these arachnids
for feeding on invertebrates such as ground-dwelling insects means they
are often drawn to human settlements where easy insect prey and places to
hide abound. It is in these situations where they are more likely to come
into contact with humans, meetings that occasionally end in envenoma-
tions. Another feature of the biology of at least one scorpion species that
contributes to them being a problem in and around human settlements
is their ability to reproduce without the need for males. This phenom-
enon is known as parthenogenesis and among the dangerous scorpions it
is known to occur in Tityus serrulatus. The ability of this species to repro-
duce asexually means that it only takes a single female to form a colony in
any given area, and because its reproductive potential is effectively twice
that of species that reproduce sexually (i.e., all the individuals in a 7. ser-
rulatus population can reproduce), it can out-compete other, often less
dangerous scorpion species.

From T serrulatus and many other scorpion species there has been an
increase in the incidence of envenomations in recent decades, but this
increase is a result of the burgeoning human population and the establish-
ment and growth of settlements in areas of previously untouched habitat.
A perfect example of human expansion into scorpion territory is Brasilia,
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which was constructed in the 1950s to open up the interior of Brazil. If the
presence of scorpions cannot be tolerated, the simplest way to limit their
numbers is to deny them hiding places, such as crevices in and around
buildings.

To summarize, there are a few scorpion species that are potentially dan-
gerous, but treated with respect these animals can actually be a positive
presence in and around settlements, where they play an important part in
regulating the populations of insects that spread disease and that damage
crops and stored foods.

FURTHER READING

Polis, G. A. The Biology of Scorpions. Stanford University Press, Palo Alto, CA,
1990.

Spiders

Apart from a single, anomalous species, all of the 35,000 species of spider
are carnivores that, for the most part, prey on other arthropods, typically
insects. To aid them in their predatory ways, all spiders, except those spe-
cies in the family uloboridae, are able to produce potent venom to subdue
and digest their prey.

Spiders are a fascinating group of animals, but there any many people
who are terrified enough by these arachnids to develop a phobia. Although
some spiders may look creepy and spend most of their time in the shad-
ows there are actually very few species that can harm a human with their
venom. In most cases, the spider’s fangs are simply unable to penetrate
human skin and even if they could it is unlikely their venom would cause
anything more than localized pain and swelling. Regardless of these facts,
spiders generally receive a very bad rap in the media due to the small num-
ber of species that are able to penetrate human skin with their fangs and
produce venom that is potentially dangerous to us. Compared to more
mundane causes of death, fatal spider bites are very rare indeed; however,
we will look at the impact of these invertebrates on humans in this sec-
tion. Before we do so, let’s try and keep things in perspective by remem-
bering that the benefit of spiders to mankind vastly outweighs whatever
injury they cause us. Spiders are fundamentally important parts of ter-
restrial ecosystems and their predatory ways are crucial for the regulation
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A Brazilian wandering spider shows off its fangs by using a threat posture.

(iStockPhoto)

of the populations of other arthropods, including the myriad insects that
impact our lives in far more serious ways.

Spider venom is a complex concoction of compounds. Its primary
function is swift incapacitation of the prey and certain enzymes within
the mixture are able to initiate the process of digestion. Spiders are un-
able to swallow lumps of food via their tiny mouths, which also have a
fine filtering system; therefore all digestion takes place outside the body.
Some species are able to mash their prey up to hasten the digestion pro-
cess, but others simply leave the prey’s body more or less intact and digest
its insides using the body of the victim like a macabre vessel. In both cases,
digestion is primarily achieved by the regurgitation of digestive juices from
the arachnid’s digestive tract. The only way into the spider for the resul-
tant prey soup is through its very tiny mouth.

The lifestyle of a spider dictates the toxicity of its venom. Generally, in
those species that use webs for hunting, the web itself helps to subdue the
prey, so the venom these spiders produce need not be superpotent. On
the other hand are those spiders that don’t use webs to ensnare their prey.
To make sure their quarry doesn’t escape and hide once it has been bitten,
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these spiders produce very potent venom. There are exceptions to this gen-
eralization, such as the widow spiders that build webs and are also known
for producing potent venom. Of all the spiders currently known to sci-
ence, only about 500 species can cause a bite that can be described as pain-
ful, and of these only 20-30 can be considered to be genuinely dangerous
to humans. The spider genera generally considered to be the most danger-
ous are Latrodectus (widow spiders), Atrax and Hadronyche (funnel-web
spiders), Phoneutria (wandering or banana spiders), and Loxosceles (recluse
spiders). Representatives of other genera can cause painful bites; these in-
clude Zégeneria (house spiders and relatives), Sicarius (six-eyed spiders),
Cheiracanthium (sac-spiders), Lycosa (wolf-spiders), Steatoda (false-widow
spiders), Argyroneta (water spiders), and Missulena (mouse spiders).

In common with snakes, spider venom can be neurotoxic or necrotiz-
ing. Neurotoxic venoms impair the correct functioning of the nervous sys-
tem, while necrotizing venoms cause the breakdown of tissue. The most
infamous venomous spiders are the widows, of which there are several
species. The black widow spider, L. mactans, is the archetypal venomous
animal, with its distinctive markings and propensity for loitering in dark
places. The bite of this species is not particularly painful and in most cases
it probably goes unnoticed. The first real pain is felt about 10—60 minutes
after the bite in the vicinity of lymph nodes and from here the sensation
of pain spreads to the muscles. The venom of this species is a potent neu-
rotoxin that acts on the junctions between nerve fibers and muscles (neu-
romuscular junctions) as well as junctions (synapses) between nerve cells
in the central nervous system. Certain compounds in the venom block
the transmission of the electrical nerve impulse, essentially resulting in
muscle paralysis. A bite from a widow spider can be dangerous if the mus-
cles controlling breathing are affected. If the venom doesn’t reach these
muscles the patient is in much less danger. Without any treatment, the
acute symptoms of a black widow bite will last for around five days and in
the vast majority of cases the victim will make a full, albeit slow, recovery
over several weeks. About 60 years ago, before antivenins were available to
treat black widow bites, envenomation from this species caused death in
about 5 percent of cases in the United States. This figure is now less than
1 percent. Interestingly, some domestic animals, such as horses, cows, and
sheep are more sensitive to the venom from a black widow than humans,
while for rats, rabbits, dogs, and goats, the opposite is true.

The funnel web spiders of the genus Atrax and Hadronyche are not far
behind the widow spiders in the notoriety stakes. Denizens of Australasia,
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these are among the very few more primitive spiders (mygalomorphs)
that produce potentially dangerous venom. Like the venom of the black
widow, Atrax and Hadronyche venom contains neurotoxic compounds.
It is interesting to note that only bites from male funnel web spiders
cause potentially dangerous symptoms. This is because the male’s venom
contains a substance known as robustoxin. More interesting still is the
fact this compound is only toxic to primates (virtually all domesticated
animals are immune to the venom of these spiders). Why this should be
is not clear, but it may simply be a quirk of evolution. Envenomation by
a male funnel web spider causes severe pain, muscle cramps, temporary
blindness, shivering—and, most seriousparalysis of the muscles in the
thorax. Although the bite of the Australian funnel webs is undoubtedly
cause for concern it should be noted that only around 12 fatal cases have
ever been recorded. As Australia is home to such a large number of ven-
omous animals, the medical authorities there have a well-honed system
for dealing with envenomations and treating the patient in the appropri-
ate way.

The wandering spiders (genus Phoneutria) of the neotropics are also
sometimes erroneously known as banana spiders for their very occasional
and accidental association with shipments of these fruits. Typically, the
large spiders encountered in banana shipments are not Phoneutria spe-
cies at all, but harmless look-alikes. Phoneutria species are perhaps the
most dangerous spiders on the planet because they are very aggressive and
they are capable of injecting relatively large amounts of exceedingly potent
venom. The vast majority of spiders will only bite defensively, but it seems
the Phoneutria wandering spiders will go out of their way to bite, espe-
cially if they feel threatened. To these arachnids, attack is the best form
of defense. There are reports of these spiders scampering up the handle of
a broom to bite the person trying to shoo it away and captive specimens
throwing themselves at the glass of their terrarium when a person enters
the room.

Unlike the bite of the black widow, the bite of a wandering spider is im-
mediately painful and the victim can go into shock. The complex cocktail
of compounds in Phoneutria venom causes rapid heartbeat, high blood
pressure, profuse sweating, shivering, salivation, nausea, vomiting, ver-
tigo, visual disturbances, and priapism (especially in boys less than 10
years old). If death occurs, it is usually within 2-12 hours. A bite from a
wandering spider should be treated as a medical emergency as the patient
will need antivenin as soon as possible. Although wandering spiders in the
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genus Phoneutria are undoubtedly dangerous, data on the exact number of
confirmed human fatalities is hard to come by. The growth of the human
population in Brazil means that people are coming into contact with these
spiders more frequently and each year there are thought to be 600-800
Phoneutria bites in the vicinity of Sao Paulo alone. Phoneutria spiders are
nocturnal and they will often seek refuge in and around homes to wait out
the day. It is in these situations that they are most likely to come into con-
tact with a human and they have no hesitation in protecting themselves
with their fangs and venom. Interestingly, it seems that defensive bites by
Phoneutria wandering spiders often contain relatively small amounts of
venom, which suggests these species may be able to control the amount of
venom they use depending on the purpose of the bite.

Spiders of the genus Loxosceles, commonly known as recluse spiders, dif-
fer from the preceding genera in that they produce a venom that is largely
necrotizing. Typically, these nondescript, drab spiders are very retiring,
preferring to shelter in their messy webs in out-of-reach places rather than
strutting about and showing off their venom. A recluse spider will only
bite if handled or if it becomes trapped against the skin in clothing or bed
linen. The component of recluse spider venom primarily responsible for
killing cells and causing necrosis is an enzyme known as sphingomyelinase
D. Initially, the bite is painless or causes a mild stinging sensation. How-
ever, this is the calm before the storm and after 2-8 hours painful blister-
ing and swelling develop at the site of the bite. After about three days an
ulcer has developed with a central portion composed of dead and dying
tissue. The effect of the recluse spider venom on the tissues is to cause
systemic symptoms (systemic loxoscelism), including joint pain, chills,
fever, rash, nausea, and vomiting, followed by blood abnormalities, febrile
seizures, coma, and acute renal failure in rare cases. If the bite wound is
taken care of correctly, it heals over a 1-2 month period, although major
scarring can occur in 10-15 percent of cases. From a 1997 U.S. sample
of 111 patients with expert-confirmed brown recluse spider (L. reclusa)
bites, no fatalities were reported and systemic loxoscelism symptoms were
reported in just 3 percent of patients. In South America, systemic loxos-
celism is more common, occurring in 13.1 percent of 267 patients bitten
by L. gaucho, L. laeta, or L. intermedia. Of the patients bitten by the latter
two species, 1.5 percent died.

An innate fear of spiders may have been advantageous to the survival
of our ancestors, which is a possible explanation for why there are many
people today who have an irrational fear of these arthropods—it may be
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hard-wired in our brains. However, as we have seen, only a few spiders are
a cause for concern and even the very dangerous species have only caused a
very small number of deaths in the last few decades. For those people who
live in remote tropical areas and even those in less isolated areas who live
in extreme poverty and cannot afford to pay for medical treatment, spider
bites remain a danger, occasionally a life-threatening one. The true burden
of spider bites is impossible to accurately assess because lesions caused by
other organisms are commonly attributed to spiders, and even if a spider
is involved, there is rarely a specimen with which to confirm an identifica-
tion. Whatever the true incidence of morbidity and mortality attributable
to spiders, we must remember that bites from these arachnids pose much
less of a risk to humans than do the stings of insects such as bees, wasps,
and hornets. These insects are considered to be relatively innocuous albeit
commonly encountered animals, but in the United States alone they ac-
count for vastly more deaths than any other venomous animals. Between
1991 and 2001, 533 deaths were attributed to bees, wasps, and hornets,
while only 66 deaths were attributed to spiders during the same period. It
has been estimated that spider bites account for around 200 deaths each
year around the world. However, spider bites cause morbidity other than
death, ranging from pain lasting no more than 24 hours to significant,
long-term, and even permanent injury. Morbidity resulting from spider
bites is probably common in the rural tropics and is certainly underre-
ported. In view of this, morbidity from spider bites may affect tens if
not hundreds of thousands of people around the world each year, which
translates into a considerable economic burden, compounded by poverty
and other diseases.

Even in parts of the tropics and subtropics where spider bites are more
common, it is relatively easy to reduce the risk of being bitten with some
straightforward measures. Spiders seek out refuges in which to hide dur-
ing the day and during the breeding season when females construct silken
egg cases. Any material, in or around the home, that offers nooks and
crannies for a spider to hide in should be cleaned up or moved. These in-
clude boxes, shoes, rarely worn clothes, and log piles in yards. In areas that
may be inhabited by potentially dangerous spiders, care should be taken
not to probe around blindly with the fingers, creating a situation in which
a spider may bite defensively.

Finally, it’s important to remember that spiders are integral parts of ter-
restrial ecosystems and that to limit the minimal damage they may cause
us as a species we must respect their requirements as fellow beings.
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Ticks

Ticks, like fleas and lice, are another group of superbly adapted ectopara-
sites that suck blood from a huge range of vertebrate hosts. These arachnids,
closely related to the mites, are represented by around 870 species world-
wide, but their relatively small size means there are probably many more
species yet to be formally identified. It is thought these pesky invertebrates
have their origins somewhere in the cretaceous period (65-146 million
years ago) and that they underwent a radiation in diversity 5-65 million
years ago. However, it is entirely possible these arachnids are considerably
more ancient than these estimates suggests as the arthropod branch of life
to which they belong was among the first of the all animal groups to leave
the oceans to seek a life on land at least 400 million year ago.

The ticks are classified into three families: ixodidae (hard ticks—683
species), argasidae (soft ticks—183 species), and nuttalliellidae (1 species).
As their names suggest, the first two families of ticks can be differentiated
by the toughness of their bodies. The hard ticks have quite an armored
appearance, while the soft ticks have a wrinkled abdomen (when unfed)
that swells to accommodate the blood meal.

Ticks have a suite of adaptations to an ectoparasitic way of life. The
limbs afford these arachnids an excellent purchase on their hosts and once
on board they bring their mouthparts to bear to penetrate the skin and
drink the blood of the host. The blood meals they consume are, relatively,
probably the largest ingested by any bloodsucking animal. Tick larvae in
the family ixodidae are able to consume 11-17 times their own pre-fed
body weight in blood in one go, whereas adult females in the same fam-
ily can pack away a truly remarkable 60—120 times their pre-fed weight
in vertebrate blood. Astounding as their appetites may appear, the actual
volume of blood ingested during each feeding event is even larger than
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A soft tick fully engorged with blood. Note the legs and the mouthparts. The
body of these animals can swell enormously to accommodate their blood meal.
(Courtesy Ross Piper)

the figures given above because ticks are able to concentrate the blood
meal by secreting unwanted fluids in the meal back into the host. Dealing
with such a massive amount of food requires extensive morphological and
physiological modifications. These adaptations allow the gut, body wall,
and cuticle to expand sufficiently in a short space of time to accommodate
the relatively prodigious volumes as well as quickly ridding the body of the
huge surfeit of water and salts.

The life cycle of hard ticks begins with the production of large numbers
of eggs. Fecundity varies according to species, but typically, female hard
ticks produce a few hundred to more than 10,000 eggs; however, there are
observations of the females of some species (Amblyomma variegatum) pro-
ducing 34,000 eggs. This is a phenomenal number of eggs for a terrestrial
invertebrate and it says an awful lot about the chances of the young ticks
finding a host to feed from before they use up their energy reserves and
starve. As soon as the larvae hatch they can go about getting to grips with a
host, but because they have neither a good turn of speed or wings they rely
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on a suitable host wandering sufficiently close for them to latch on. Once
on board they rasp their way through the host’s skin and begin feeding. Fol-
lowing their first blood meal the larvae of the majority of hard tick species
drop from their host to digest their food and metamorphose into a nymph.
The nymph then goes about finding another host, feeds on it, drops off,
digests its food, and molts to give rise to the adult hard tick. Yet again, in
the third and final stage of life, the ticks are faced with the challenge of
finding a host. If theyre successful, they feed and mate, and then the fully
engorged female drops off to digest the massive amount of food she has just
ingested as well as to lay her eggs. With her eggs laid, the female has done
her job and she dies. From larva to adult, hard ticks spend the vast majority
of their time away from their hosts; and each stage in the life cycle of larva,
nymph, and adult may utilize different host species. In northern latitudes,
the complete life cycle of the hard ticks can be as long as three years as each
stage takes about a year to complete.

The life cycle of the soft ticks is slightly different in that there are two to
seven nymphal instars. Again, each stage in the life cycle requires a blood
meal, often from different host species. Instead of imbibing a single huge
blood meal, adult female soft ticks take a number of smaller meals and
after each one they drop from their host, digest their food, and produce
a small batch of eggs, the size of which varies according to the species,
but is normally around 500. There can be as many as six of these feed-
ing/egg-laying events with each one separated by an interval of several
months, often extended by the ability of the ticks to go without food for
months at a time. This is especially true for those soft tick species depen-
dent on migratory vertebrates. These species are able to survive without
food for several months by entering a state of suspended animation (dia-
pause) where their metabolic rate falls to almost immeasurable levels in
order to conserve energy.

Sucking blood from a vertebrate is not without its difficulties. Apart
from the risk of getting squashed or brushed off there is the battery of de-
fenses protecting the animal’s body once the outer wall, the skin, has been
breached. Any bloodsucking arthropod needs the blood to flow freely
from its host, but as soon as a blood vessel is ruptured a cascade of events
begins to close the wound. The saliva produced by ticks is perhaps the
most sophisticated concoction produced by any blood-feeding parasite.
This saliva contains a number of factors to prevent blood clotting and the
formation of new blood vessels, both of which are crucial in the wound-
healing process. The cockrail also contains compounds to numb pain,
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itching, and inflammation, potential giveaways to a host that something is
amiss when it can’t see or reach an ectoparasite on its body.

Of the animals that inadvertently inflict misery on humans and domes-
ticated animals, the ticks are second only to the mosquitoes and in some
areas of the world these arachnids are the most important. Their blood
feeding activities have four important implications for human and animal
health: blood loss, dermatosis, paralysis, and disease. Blood is not a prob-
lem when there are only one or two ticks feeding from a host, but when
the infestation is large—several hundred ticks—the amount of blood con-
sumed outstrips the host’s ability to replace it and anemia can develop. It is
not uncommon for large host animals, such as cattle with heavy tick infes-
tations, to lose 80-90 kilograms of blood in a single season thanks to the
relatively massive appetites of these parasites. The bites of ticks can cause
a number of problems in the epidermal tissues of their hosts, including
inflammation, swelling, itching, and ulcerations, which can be particu-
larly severe in favored feeding places, such as the ear canals of animals like
dogs and cats. These problems can arise as a direct result of the mechani-
cal damage caused by the tick’s mouthparts or the substances in its saliva.
Dermatosis can be further compounded by secondary infection of the
wound by bacteria, which in some cases can lead to serious complications.
The chemical cocktail that makes up the tick’s saliva also contains certain
compounds that can act like toxins and when these are injected near the
base of the host’s skull they can cause paralysis in humans, cattle, dogs,
and other mammals. The paralysis isn’t permanent and it can be quickly
reversed by removing the tick. Blood loss, dermatosis, and paralysis are
all relatively minor concerns compared to the varied and often serious
tick-borne diseases caused by viruses, bacteria, and protozoa that affect
humans and domesticated animals all over the world. Some of the most
important of these diseases are shown in the sidebar.

To go into much depth on the diseases above and the others transmitted
by ticks would require a book in itself, so we'll focus on the costs of some
of these diseases and the impact they have around the world. Until fairly
recently, tick-borne diseases of humans were on the decline or were not
considered to be of much concern, but there has been a worrying increase
in the reports of these diseases over the last few years. One of the diseases
of the most concern is Lyme disease, which is not a problem if treated
early, but can cause extremely debilitating symptoms if left untreated. In
the United States in 1982, 497 cases of Lyme disease were reported, but
between 2003 and 2005, 64,382 cases were reported, an average of more
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than 20,000 a year, which represents an increase of around 4,000 percent.
Exactly why this disease is on the rise is a bone of contention, but it is
probably due to a number of factors, including the encroachment of de-
velopment into wild habitats, more people taking part in outdoor leisure
activities, greater awareness of the dangers of Lyme disease, and the effect
of climate change on the range and behavior of the vector ticks. Globally,
it has been estimated that there are at least 100,000 cases of human illness
every year related to tick-borne diseases, but the real figure is undoubtedly
far higher. Many people at risk from these diseases inhabit remote rural
areas where adequate medical facilities are lacking, problems that are com-
pounded by the difficulty in diagnosing tick-borne diseases.

The current public health impact of ticks and the diseases they transmit
is minor compared to the havoc they wreak in agriculture. The full extent
of the tick and tick-borne disease problem in farming can only really be
appreciated in the developing world where these invertebrates are a major
impediment to agricultural advancement and food independence, which is
a complex ethical and environmental topic in its own right (see introduc-
tion—pestsand theenvironmentsection). Ithas been estimated that the total
global losses attributable to ticks and the diseases they transmitis somewhere
in the region of $13.9-18.7 billion, but as with any estimate of the cost of
such an enormous problem it is probably well short of the true amount. In
addition, it is thought that at any one time at least 800 million cattle around
the world are continuously exposed to ticks and tick-borne diseases. In
Tanzania alone, the estimated annual loss to the cattle industry accounted
for by tick-borne disease, specifically anaplasmosis, babesiosis, cowdrio-
sis, and theileriosis, is $364 million. Theileriosis accounted for 68 percent
of this loss, while anaplasmosis, babesiosis, and cowdriosis were respon-
sible for 13 percent, 13 percent, and 6 percent, respectively. A loss of this
magnitude would be a real problem anywhere in the world, but in the
developing world this is a disaster. This cost includes the death of around
1.3 million cattle, infection, treatment, as well as milk and weight loss.

All major attempts at controlling ticks have been largely unsuccess-
ful for a number of reasons. These include the ability of ticks to quickly
evolve resistance to acaricides, the behavior of dropping from a host after a
blood meal, and the long periods of time they spend away from their host
digesting food, molting, and reproducing. With control being ineffective,
the best way of limiting the impact of these arachnids and the diseases
they transmit is preventing them from biting in the first place. In some
situations, such as the backyards of houses and workplaces in developed
nations, undergrowth and other vegetation that ticks use as perches to
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clamber onto a passing host can be simply cut back and maintained. Long
clothing and repellents can prevent the ticks from getting to the skin and
biting. Light-colored clothes allow the ticks to be easily seen and plucked
off, and tucking trousers into socks prevents ticks from getting onto the
skin. Simple measures such as these can be very effective in stopping these
parasites from biting and then transmitting diseases. In developing coun-
tries, the resources are not often available for the adoption of simple pre-
ventative measures and because agriculture in these countries is often far
less intensive than in the developed world, suitable habitat for ticks is
very abundant. The typical strategy in these areas is the widespread use
of acaricides. Tanzania and Uganda each spend around $26 million every
year importing these chemicals. Not only are these chemicals hazardous to
the environment, but as has already been mentioned, resistance to them
evolves very rapidly, rendering them close to useless.

The impact of ticks on human and animal health is undisputed, but it’s
useful to take a look at animals like the ticks and reflect on how successful
they are. Evolution has honed these little arachnids into perfect parasites
and they’re only really a problem because of the ever-increasing pressure
that humans are placing on the environment in the requirements for more
land to build and farm on. Ticks are simply doing what they have always
done—making a difficult living on larger animals. It would be better to
find ways to live alongside them instead of making futile and damaging
efforts at controlling them.
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Varroa Mite

The mite Varroa destructor is a honeybee parasite with a global distribution
that is responsible for economic losses amounting to hundreds of billions
of dollars each year. No more than 1-2 millimeters in size, this tiny, rather
crab-like arachnid was first identified from Southeast Asia in 1904. Since
then it has been inadvertently introduced to countries all around the world
with the first U.S. infestations being recorded in 1987 (Wisconsin and
Florida). The mite is a specialized ectoparasite of a number of bee species,
which develops on the brood of these social animals, necessitating a life
cycle closely synchronized to the host. The female mite lays her eggs on
the developing honeybee larvae and the young mites (typically several fe-
males and one male) feed on the bee’s hemolymph (the insect equivalent of
blood). The mites develop into adults and the male mates with all his sis-
ters, fertilizing their eggs. Soon after, his job complete, the male dies. Even-
tually, the bee larva pupates and the female mites cling on to their changing
host because this is the only way they will escape the brood cell and get
access to other immature bees to find food for their own offspring.

The predilection for hemolymph by Varroa mites is one way in which
these creatures can be injurious to bees, but increasingly, the negative
effects of an infestation result from several viruses transmitted by these
arachnids, including deformed wing virus, acute bee paralysis virus, and
slow paralysis virus. The feeding activities and the diseases transmitted
by the mites have dire consequences for individual bees and the hive
as a whole. The transmission of viruses and the loss of a relatively large
amount of hemolymph from an immature bee are compounded when
the larva pupates because this life stage is very sensitive to damage and
disease. Should the developing bee be weakened or diseased the resultant
adult is often a very sorry specimen with deformed wings and abdomen.
A small Varroa infestation may not be a problem for the hive as a whole,
but in the case of a heavy infestation lots of potential workers are damaged
and the colony may cease to function, eventually leading to its collapse.
Recently, a worrying phenomenon termed colony collapse disorder has been
observed around the world, whereby bee colonies mysteriously die off,
leaving huge numbers of hives empty and commercial apiculturists mas-
sively out of pocket. The exact cause of this phenomenon is unknown, but
it is very likely that a number of factors are to blame, one of which is the
tiny Varroa mite.
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A magnified view of a Varroa bee mite. Varroa mites are
external honeybee parasites that attack both the adults
and the brood. (Dennis Kunkel Microscopy, Inc./Visuals
Unlimited, Inc.)

The economic toll of the Varroa mite is immense, which may be hard to
believe because all that most people associate with bees is honey. Honey is
just one of the things these amazing insects produce. Other products of the
honeybee’s industrious activities include things like wax, propolis, and royal
jelly, all of which are used in a variety of human industries. However, the
damage to the bee product industry pales into insignificance compared with
the huge impact declining honeybee populations has on the pollination of
crops and wild plants. A huge number of crops rely on the honeybee for
pollination (see list below) and without honeybees to do this job we would
be without such staples as almonds, onions, and apples, to name but a few.
It is very difficult to quantify exactly how much the pollination services
provided by honeybees are worth. Estimates in the region of $217 billion
have been suggested, but it is likely the real figure is many times greater.
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Crops in Which Honeybee Pollinators are Important or Crucial

Alfalfa Chinese Dewberry Muskmelons Plums &
Allspice gooseberry  Drug plants  Cantaloupe prunes
Almonds or kiwi Eggplants Casaba Crenshaw Pumpkin &
Alsike clover Cicer milkvetch Garlic Honeyball squash
Apples Cinnamon Gooseberries Honeydew Quinine
Avocado Citron Herbs (spices) Persian melon Radish
Berseem Citrus Huckleberry Mustard Rape
Blackberries Pummelo Jujube Niger Raspberries
Blueberries Tangelo Kenaf Nutmeg Red clover
Buckwheat Tangerine Kohlrabi Parsley Rutabagas
Cacao Clovers, minor Kola nut Parsnip Sainfoin
Carambolo  Cranberries Lavender Passion fruit Sapote
Cardamom  Crimson clover Litchi Peaches & Sunflower
Cashew Crownvetch Longan nectarines Sweetclovers
Celeriac Cucumbers Lotus Pears Sweetvetch
Chayote Currants Macadamia  Persimmon Tea

Cherries Cutflower seeds Mango Pimenta Trefoils

The stakes are high and one factor in the decline of the honeybee, the
burgeoning Varroa mite population, is proving very difficult to control.
Limiting the spread of this parasite has met with moderate success in some
areas, but even in places as geographically isolated as New Zealand, the
mite has managed to invade and wreak havoc on the bee and pollination
industry. Acaricides are available, but overzealous use of these chemicals
has led to the rapid evolution of resistance in the target mites. Various
biological control agents are currently being investigated and one of the
most promising of these is a parasitic fungus that infects and kills these
mites. It has also been observed that some types of honeybee are able to rid
themselves of these mites by grooming. Crossing honeybee types to select
for these behavioral traits combined with biocontrol and the judicious use
of pesticides will offer the greatest hope for controlling the Varroa mite.
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Crustaceans

Fish Lice

Fish lice look like something that crept from the fertile imagination of a
science fiction writer. Flattened, disc-shaped, and equipped with suckers,
claws, and a cruel-looking stylet, these bizarre animals are actually small,
specialist crustacean parasites of fish. Many species are known from all
around the world, but the most important species are those in genus Argu-
lus as they cause considerable economic damage to fish-farming ventures
the world over.

Argulus fish lice begin their life as eggs deposited by their mother on sub-
merged surfaces, such as rocks. As soon as they hatch the young crustaceans
are active swimmers—they have to be, because if they don’t locate a host
in as little as two days their energy reserves will be exhausted and they’ll
die. Vision appears to be the most important sense in host location and the
compound eyes of these parasites are well developed, enabling them to find
fish in murky water. Host location is not much of a problem in fish farms
because the fish are so densely packed, but fish lice in the wild probably
have a very difficult time locating their hosts. Once the Argulus has found
a suitable host it attaches to the unfortunate victim’s body with its modi-
fied mouthparts—its suckers, which are considered to be among the most
elaborate in the animal kingdom. Once securely attached, Argulus begins to
rasp at the flesh with its mandibles, sucking edible particles into its stom-
ach. Argulus are found on the body of the fish and also beneath the gill cov-
ers. If they are disturbed or feel like looking for a new place to feed they are
able to wiggle rapidly over the fish by using their big suckers alternately.

Depending on temperature and with access to a consistent supply of
food, the Argulus can reach maturity in around four weeks. At this point
breeding can take place—often on the host. Reproduction in these crus-
taceans is very interesting as the male has no penis, neither does he pro-
duce any form of spermatophore. Close observations have revealed that
the male and female lock themselves together using various spiny struc-
tures on their bodies and ducts containing the male’s sperm are pierced
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The fish louse (Argulus)

is equipped with two
suckers that enable this flat
freshwater crustacean to
attach itself to its fish host.
(Wim van Egmond/Visuals
Unlimited, Inc.)

by specialized spines of the female’s reproductive apparatus. The sperm
in these ducts is at high pressure and it flows out into the female’s genital
tract to fertilize her eggs.

Interesting life history aside, these crustaceans are a serious pest of fresh-
water fish farms. The most obvious problem associated with Argulus is the
stress and blood loss caused by their feeding activity. If one or two Argulus
are attached to a host the effects are negligible, but heavy infestations can
make the fish very lethargic and stop it from feeding. A more serious con-
sequence of Argulus infestations are the microorganisms that gain entry
to the fish via the wounds caused by the parasite’s feeding activity. These
secondary infections can often be fatal. In the densely populated environ-
ment of the fish farm they can be devastating. In addition, fish lice are
also a vector for diseases, including those caused by viruses, such as spring
viraemia of carp and conditions caused by parasitic nematodes.
Important commercial fish species parasitized by Argulus and other fish
lice include salmon, trout, and carp. These species constitute a consider-
able proportion of the global aquaculture industry, estimated in 2005 to
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be worth $78.4 billion. China alone has by far the largest aquaculture in-
dustry in the world and in 2005 inland freshwater ponds produced more
than 14 million tonnes of carp destined for human consumption. The
propensity of Argulus to feed on freshwater fish levies a heavy economic
toll on the aquaculture industry, costs that can be broken down into re-
stocking, yield reduction, and monies associated with controlling these
parasites and treating the consequences of their activities. Quantifying
this economic cost is very difficult, but globally it must certainly amount
to hundreds of millions of dollars annually.

Controlling Argulus fish lice once they have become established in a
fish-farm situation is not easy and measures are limited to preventing
heavy infestations rather than eradication. Pesticides are routinely applied
by dissolving them in the infested water; however, the side effects of these
chemicals on ecosystems are impossible to ignore and research is ongoing
to identify more environmentally friendly ways of controlling these pests.
One successtul, albeit time-consuming way of controlling Argulus is good
animal husbandry and stock management, including the inspection of in-
dividual fish for these relatively large parasites, which can then be removed
with forceps before being unceremoniously disposed of.

FURTHER READING

Avenant-Oldewage, A., and J. H. Swanepoel. The male reproductive system and
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Gill Maggots

It’s hard to imagine animals more ghastly, more distasteful to the eye than
some creatures that parasitize fish. I for one never cease to be amazed at how
the blind power of evolution can shape an organism to be infinitely more
disturbing than the most infamous creations of horror and science fiction.

We've already seen the fish louse, but another, even more repugnant-
looking, albeit interesting, parasite of fish responsible for considerable
economic losses are the gill maggots. Contrary to their common name,
these creatures are not maggots, but they do live on gills. They are actu-
ally free-loading copepods in the genus Ergasilus and unlike many of the
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Ergasilids, commonly known as gill
maggots, are important parasites of
fish. They cling on to the hosts gills
using their highly modified antennae.
The female in this image has a

pair of egg masses attached to her

abdomen. (CDC)

parasitic copepods they retain many of the primitive features character-
izing this group of minute crustaceans. For instance, they retain two pairs
of antennae, completely absent in the more derived parasitic copepods,
but as a concession to their parasitic way of life the long second pair of
antennae are greatly modified to form a pair of grasping appendages used
to great effect by gill maggots to anchor themselves to the slippery gills
of their hosts. They also retain some degree of swimming ability and are
quite able to propel themselves through the water should they become
detached from their host.

After hatching from their eggs, the gill maggots go through a number
of larval stages, many of which are spent in the aquatic soup known as
plankton, where they feed on the other microscopic representatives of the
planktonic community. Upon reaching adulthood, the gill maggots mate
and the female swims off to search for a host, while the adult male re-
mains a free-living creature in the plankton. In the vast majority of cases,
the adult female gill maggots may never chance upon a host and they will
perish. However, for a fortunate few, a suitable host may swim past and
they grasp the opportunity literally, swimming under the gill cover and
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latching onto one of the gill filaments with the cruel-looking claw at the
end of the highly modified second antennae. In some species of gill mag-
got, the clawed tips of the antennae actually fuse, completely encircling
the gill filament and providing an almost unassailable grip for the entire
life of the parasite. Firmly fixed to the fish’s gas-exchange apparatus, the
female gill maggot goes about feeding. Her first pair of legs are adorned
with blade-like spines and it is these she uses to rasp mucus and tissue
from the poor host’s gills into her waiting maw, a process aided by the
secretion of digestive enzymes. On this protein- and lipid-rich diet the
female gill maggot’s eggs mature, borne in two elongated sacs attached to
her hind end. Depending on the species in question as well as many other
factors, each adult female gill maggot can produce 20-100 eggs and it is
from these the free-living larvae hatch to complete the life cycle.

The parasites are a problem because a host fish is normally inhabited by
many gill maggots, all of which are latched onto the fish’s gills and rasp-
ing at the delicate tissue. The physical attachment of the gill maggots and
their feeding activities damage the gill tissue, interfere with gas exchange,
and cause wounds that permit the entry of pathogens. All of these ills
may eventually cause the death of the fish. Where freshwater or certain
marine fish are farmed the gill maggots can be a huge problem, because
the crowded conditions make it very easy for the parasites to find hosts.
Tilapia, carp, and mullet fisheries are known to be vulnerable to the dep-
redations of the gill maggots. In these situations it is not unusual for an
individual fish to be infested with thousands of these crustaceans. With
such heavy infestations it is not surprising that fish farming losses can be
considerable. The large group of commercially farmed cichlid fish, col-
lectively known as tilapia, can be severely affected by gill maggots. More
than two million tonnes of one cichlid species—the Nile tilapia (Oreo-
chromis niloticus)—were produced globally in 2007 and in many develop-
ing countries these fish represent the only source of high-quality animal
protein available to a large proportion of the population. Therefore, any
organism that causes losses in the tilapia farming industry can have im-
portant consequences for the health and welfare of people throughout
entire regions. In Israel, where tilapia are cultured on a large scale, heavy
infestations of gill maggots have been estimated to cause harvest losses of
around 50 percent. If losses of this magnitude are experienced in Israel, an
affluent country with the means at its disposal to control such pests with
commercially available poisons, then the losses in poorer areas where these
fish are farmed, such as sub-Saharan Africa, must be huge.
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In Israel, gill maggot infestations have been treated with bromhexine hy-
drochloride, a compound used in medicine to treat disorders of the lungs
by dissolving excess mucus. Dispensed into the water this compound is
known to be very effective in controlling gill maggot numbers, but such a
treatment is beyond the means of many people who farm fish in develop-
ing regions. Organophosphate pesticides have also been used to treat gill
maggot infestations with varying degrees of success; however, their effect
on nontarget organisms and accumulation in the food chain means they
are detrimental to both the environment and human health.

FURTHER READING
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Insects

Aphids

Aphids, the small squidgy animals familiar to anyone with houseplants
or a garden as greenfly (something of a misnomer) are perhaps the most
important insect pests of agriculture. The 4,400 or so species are found
around the world, but are most abundant in the temperate regions of the
northern hemisphere. They feed on all types of plants, including trees,
shrubs, herbs, and grasses. Some species will feed on a large number of
host plants, while others are more selective and are associated with one
species of plant. They are believed to have appeared over 280 million years
ago when there were far fewer plant species than there are today. Around
100 million years ago, there was an explosion in the variety of flowering
plants and the aphids diversified to exploit this new abundance of food.

Although abhorred by farmers and gardeners the world over, the aphids
are amazing little animals, perfectly adapted to take advantage of the way
in which humans have manipulated the environment to grow food. In this
respect they are extremely successful animals. Its worth understanding a
little bit about the biology of these sapsuckers, and in doing so you may
look at these pests in a slightly different way the next time you see some
of them.

Aphids are all sapsuckers. Their piercing mouthparts are like a feeding
straw, the tip of which secretes a fluid that hardens to form a tube. Their
aim is to pierce the phloem vessels transporting sap around the plant, but
even when they manage this the plant rallies its defenses to plug the holes.
To fool the plant’s defenses, aphids produce a number of proteins that dis-
guise its activities, allowing it to breach the phloem and suck the sap. Sap
may be sugary, but other important nutrients are only present in minute
quantities, so aphids imbibe large quantities of it and enlist the help of
symbiotic bacteria and yeasts to digest the sap as efficiently as possible.
The excess water and sugar is rapidly processed in the aphid equivalent
of kidneys to emerge at the hind end of the animal as what is commonly
known as honeydew.
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Aphids are commonly tended and protected by ants because of the sweet honey-
dew they secrete as a by-product of their sap-sucking. (Courtesy of Ross Piper)

Lots of insects suck sap in one way or another, so in this respect the
aphids don’t really stand out; however, what does single them out is their
reproductive ability. Any gardener will know that in a very short amount
of time, seemingly overnight, a plant free from aphids can be swarming
with them. For much of the year, many species of aphid reproduce with-
out mating, a process that begins with a female who hatched from an egg
laid in a suitably secluded spot, such as the deep fissures in tree bark, the
previous year. This founding female had a mother and a father, but the
odd makeup of the aphid’s chromosomes means that a mating between a
male and female can only produce daughters. These daughters survive the
winter and within them they carry the seed of the new season’s popula-
tion. The founding female is already carrying a daughter and within this
embryo another embryo develops; three generations in the body of one
tiny animal all produced via the process of parthenogenesis—reproduction
without sex. These daughters are born as miniature replicas of their mother
and they too give birth to further replicas until there are huge numbers
of aphid, all originating from the original female who survived the winter
as an egg. The reproductive capacity of aphids is astounding. A single cab-
bage aphid (Brevicoryne brassicae) can produce more than 40 generations
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of females in a single season and if all of them survived we would be knee-
deep in these tiny creatures by the fall.

During the autumn the aphid colony will start producing males and
females whose function it is to mate and produce the founding female
for the following year. In certain species of aphid, some of the clones, al-
though genetically identically to the original female, will look slightly dif-
ferent and perform certain tasks, such as guarding the colony. These castes
are commonly soldiers with enlarged front legs and a spiky head used to
jab and prod animals that threaten the colony. During the feeding season
the aphid colony may become too big, resulting in overcrowding that
may kill the host plant. In these situations the aphids start giving birth to
winged individuals. These alates, as they are known, will leave the colony
to search for new food plants.

Aphids are a problem for a number of reasons. Firstly, they drink the
plant’s sap, which is needed to fuel the growth of leaves, buds, and flow-
ers. Also, and probably most important of all, aphids are vectors of plant
diseases. They breach the outer defenses of plants with their mouthparts,
transmitting numerous pathogens, many of which are viruses that can
devastate whole crops. Of all the known plant viruses, slightly more than
half are transmitted by aphids. Lastly, their reproductive potential and
mutualistic relationships with other animals, notably ants, allows them to
quickly build and maintain large populations. Some of the more impor-
tant pest aphids can inflict heavy losses on crops (see sidebar).

Aphids are so widespread and feed on so many crops that it’s impos-
sible to put an exact figure on the economic damage they cause. Between
1986 and 2001, the Russian wheat aphid is estimated to have cost U.S.
farmers around $1 billion in yield losses and control. Every year in certain
parts of the United States the green bug (Schizaphis graminum) accounts

Some Important Pest Aphids and Their Impact on Crop Yields

Aphid species Crop affected  Yield reduction
Pea aphid (Acyrthosiphon pisum) Pea ~16%

Cowpea aphid (Aphis craccivora) Ground nut >50%

Peach potato aphid (Myzus persicae) Potato 5-30%

Black bean aphid (Aphis fabae) Field beans >50%

Russian wheat aphid (Diuraphis

noxia) Wheat >50%

Corn aphid (Rhopalosiphum maidis)  Corn ~36%
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for losses of $12 million, rising to $100 million in years when there are
severe outbreaks.

Farmers and gardeners have a range of ways to control aphids. By far
the most common is the use of insecticides. These chemicals do kill the
aphids, but their effects on beneficial organisms and the wider environ-
ment can be devastating. The other major problem with insecticides is
resistance, which renders these chemicals useless in the long term. Apart
from chemical control, aphids have plenty of natural enemies, including
many predators, parasites, and pathogens. Some of these can be harnessed
as biological control agents either by breeding them en masse and releas-
ing them in places where they can’t simply fly away, such as glasshouses,
or by adopting agricultural practices that enhance the wild populations of
these enemies, such as minimal tillage and preservation of noncultivated

field boundaries.

FURTHER READING
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United Kingdom, 2007.

Asian Long-horned Beetle

This large, handsome beetle is a native of China and Korea, but in the
1980s it somehow found its way to North America and since then it has
become an important invasive pest of a number of tree species, often caus-
ing the death of the infected trees. More recently, it has also found its way
into Europe, specifically Austria, France, and Germany.

In China, the preferred host trees of this beetle are poplar trees (Populus
spp.), willows (Salix spp.), elms (Ulmus spp.), and maples (Acer spp.), but
it is also known to attack representatives of several other tree genera. In
recent decades its range in China has greatly increased thanks to the large-
scale planting of poplars and willows that are used for timber and timber
products because of their rapid rate of growth. Like all beetles in the fam-
ily cerambycidae (commonly known as long-horned beetles because they
have very long antennae), the larvae of the Asian long-horned are spe-
cialized wood feeders. Each adult female beetle is capable of producing
between 30 and 120 eggs depending on which host tree she feeds. Each
of the eggs is deposited individually in a small niche the female makes in
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A native of China and Korea, the Asian long-horned beetle has been acci-
dentally introduced into North America and Europe. (U.S. Fish and Wildlife
Service)

the bark of the host tree with her mandibles. These oviposition niches
are typically made on the eastern side of the trunk or on branches with a
diameter of more than 5 centimeters. The eggs take about two weeks to
hatch, at which time the first instar larvae chew their way through the bark
using their powerful mandibles and begin feeding on the cambium—the
vessel-laden tissues of the tree that convey fluids and nutrients. After some
time feeding in the outer layers of the wood, the larvae tunnel deeper into
the heartwood, feeding on the wood as they go. After many months of
feeding on the woody tissue of their host they pupate in a small chamber.
The adult that emerges spends around seven days in the chamber before
it has to chew its way out of the only environment it has known. To fa-
cilitate its escape from its brood tree, the adult is equipped with powerful
mandibular muscles and extremely tough mandibles. After some hours or
days of chewing the adult beetle reaches the outer reaches of the host tree
and escapes through a perfectly formed, 10-millimeter hole.

The adults are powerful flyers and they are capable of dispersing more
than a kilometer from their brood tree during their brief adult existence
to seek out mates and new hosts. The adults feed on the leaves, petioles,
and twigs of their host plants and they appear to attack both healthy and
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diseased trees. Between bouts of feeding the females mate, sometimes
with a number of males, and the life cycle of this insect is perpetuated.
The latitude at which these beetle are found determines the number of
generations there are per year. In Taiwan, at the southern limit of the
range of this beetle, there is one generation per year; however, the farther
north they are found, the longer the larvae take to develop. In the north
of China, a single generation of Asian long-horned beetles takes two years
to develop.

The impact of this species has been considerable, not only on natural
forests, but also on commercial plantations, urban trees, and parks. The
damage caused by the feeding larvae can be severe enough to weaken and
kill the tree, especially when they are in the cambial layers of their host.
The tunneling larvae damage the phloem and xylem vessels, resulting in
heavy sap flow from wounds, which can serve as points of entry for other
pests and pathogens. From the loss of fluids, the infested trees lose turgor
pressure and their leaves become yellow and droop. Tree death is usually
slow and can take as long as three to five years. In addition to killing trees,
the damage the larvae cause as they eat their way through the wood also
considerably reduces the commercial value of timber.

In its native China, the Asian long-horned beetle has been responsible for
damaging 40 percent of the country’s poplar plantations—approximately
2.4 million hectares. Urban trees in 240 cities throughout five provinces
have been attacked by this beetle and during a three-year period alone in
Ningxia Province more than 50 million infested trees had to be cut down.
Cutting the trees down may seem extreme, but in heavy infestations, in-
fested branches and even whole trees can fall without warning, causing
damage to property and injuring people and livestock.

Exactly how this species found its way to North America is not known,
but it is presumed that wood used to construct packing crates and other
containers for international trade inadvertently harbored the immature
stages of the beetle or quiescent adults. The beetles would have completed
their development in these relatively thin pieces of wood to emerge state-
side as adults with an abundance of hosts at their disposal. Since the origi-
nal detection of this species in North America its spread has been rather
slow and limited to the eastern side of the country. As of May 2001, 5,286
infested trees in New York and 1,547 in Chicago have been cut down to
limit the damage caused by falling branches and to slow the spread of this
pest. Although the impact of this beetle in North America has not been
huge to date, the potential exists for it to cause massive damage in the
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forests of the United States. It has been estimated that the Asian long-
horned beetle has the potential to cause the loss of 71 billion trees with
a value of $2 trillion and to cause further loss amounting to $669 mil-
lion through damage of otherwise healthy trees. These figures represent
nothing more than an estimate of the damage this beetle could cause if it
spreads throughout the United States.

To date, the impact of this species in Europe has been minor, but the
ease with which this beetle can be inadvertently transported, its dispersal
ability as an adult, and its freedom from natural enemies in areas beyond
its natural range means that only a small population is needed to initiate
a continental outbreak.

Controlling this beetle is a challenge, because the immature life stages
leave few clues to their presence, so the full extent of an infestation can
be hard to gauge. Targeting the larvae and pupae with conventional pest
control agents is also of limited use because they are concealed beneath
many centimeters of wood that protects them from insecticide sprays.
Injecting insecticides into the tree is one way of controlling infestations,
but over large areas this treatment would be expensive and logistically dif-
ficult. Other, more environmentally friendly forms of chemical control
are also being investigated, including pheromone traps that emit volatile
compounds mimicking those produced by the beetles to find their con-
specifics for the purposes of mating.

Biological control agents are also being investigated as a means of con-
trolling these beetles. The wood-feeding behavior of long-horned beetle
larvae protects them from myriad predators, but there are many parasitic
organisms that have evolved to prey on insect larvae developing deep in-
side trees, or on the eggs and very young larvae that have not had a chance
to tunnel into their host plant. Currently, a number of fungi, nematodes,
bacteria, microsporidia (tiny intracellular parasites related to fungi), and
other insects have been identified that kill the immature stages of the
beetle.

Of particular interest as a potential biological control agent is the cy-
lindrical bark beetle (Dastarcus longulus), which parasitizes the larvae and
pupae of the Asian long-horned beetle as well as other related beetles. In
the native range of the Asian longhorn, D. longulus reportedly kills around
60 percent of the population of this pest and as many as 30 individuals
of this tiny predator can complete their development on a single Asian
long-horned beetle. At face value, introducing this small predatory beetle
into areas where the Asian longhorn has become established seems like an



The Organisms That May Be Useful in Controlling the Asian

Long-horned Beetle

Life cycle
stage of
beetle
Organism attacked Potential as biocontrol agents
Entomopathogenic
fungi
Metarhizium Adults Most virulent of the tested fungi
anisopliae
Beauveria bassiana Adults Similar virulence to M. anisopliae
B. brongniartii Adults Similar virulence to M. anisopliae
Isaria farinosa Adults Least virulent of the tested fungi
Nematodes
Steinernema Larvae Potentially the most effective of the
carpocapsae nematode species tested so far
Heterorhabditis Larvae Limited effectiveness
bacteriophora
H. indiica Larvae Limited effectiveness
H. marelatus Larvae The most effective of the Heter-
orhabditis species tested so far
Bacteria
Bacillus thuringiensis  Larvae and  Not effective
adults
Microsporidia
Species not yet Larvae Infection prevalence in the wild
identified is low
Parasitic wasps
Scleroderma guani Larvae Found parasitizing 41.9-92.3%
of larvae of a related European
longhorn (Saperda populnea). An
average of 45 adult wasps emerge
from each host larvae.
Dolichomitus Larvae Limited information on biology of
populneus this species
Predatory beetles
Dastarcus longulus Larvae and  High prevalence of predation and
pupae many individuals develop on each
host
Parasitic flies
Billaea irrorata Larvae Attacks very early instars
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excellent idea that should be implemented as soon as possible. Unfortu-
nately, experience shows us that introducing a foreign organism to control
another invasive species can be an ecological disaster (see cane toad entry).
Without rigorous and exhaustive experiments we can never be sure how
an exotic species will behave in a new environment. Dastarcus longulus
could be introduced and make short work of the Asian long-horned beetle
problem. Similarly, this small predator may behave completely differently
in North America or Europe and instead of attacking the larvae and pupae
of the Asian longhorn it may prefer indigenous wood-feeding insects, dev-
astating their populations, disturbing forest ecosystems, and becoming
a pest in its own right. This is one reason why biological control is such
a complex and interesting field.

The simplest means of controlling and eradicating an infestation of the
Asian long-horned beetle is identification and removal of infested trees,
even those harboring very small numbers of larvae. Before an infested tree
shows signs of stress, it is possible to identify the tell-tale signs of beetle
attack. The small niches made by the females into which they lay their eggs
can be seen on branches and trunks and the tunneling of first instar larvae
is sometimes given away by sap runs and the presence of wood dust.

FURTHER READING

Food and Agriculture Organization of the United Nations [FAO]. Global Review of
Forest Pests and Diseases. FAO Forestry Paper 156. FAO, Rome, 2009.

Hajek, A. E. Asian longhorned beetle: Ecology and control. In Encyclopedia of Pest
Management, Vol. 2 (D. Pimentel, ed.). CRC Press, Boca Raton, LA, 2007.

Nowak, D. J., J. E. Pasek, R. A. Sequeira, D. E. Crane, and V. C. Mastro. Poten-
tial effect of Anoplophora glabripennis (Coleoptera: Cerambycidae) on
urban trees in the United States. / Econ Entomol 94(2001): 116-22.

Smith, M. T., Z. Yang, E Herard, R. Fuester, L. Bauer, L. Solter, M. Keena, and
V. D’Amico. Biological control of Anoplohora glabripennis Motsch. A
synthesis of current research programs. Proceedings of the USDA Inter-
agency Research Forum—GTR-NE-300, 2003.

Bark Beetles

These tiny beetles are serious pests of forestry trees as well as ornamental
trees. They are a problem around the world, but it is temperate regions
that are most severely affected by their feeding and reproductive activities.
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Brood gallery of a bark beetle. The vertical tunnel was excavated by the female
and the horizontal channels are those excavated by her larvae. The small hole
(labeled A) is the exit hole of a parasitoid wasp that fed on one of the bark beetle
larva. (Courtesy of Ross Piper)

Taxonomically, the 6,000 or so known species of bark beetle used to be
considered a separate family (scolytidea) within the order coleoptera, but
relatively recent investigations of the DNA of these insects have revealed
they are actually a very specialized group of weevils that have secondarily
lost the distinctive snout that characterizes these beetles.

Bark beetles are considered pests for three main reasons. Their feeding
activities can weaken trees and they serve as vehicles for a number of fungi
species that are capable of devastating huge swaths of trees. The holes they
make in the bark of the trees also allow other opportunistic pathogenic
fungi and bacteria to invade and cause disease.

As their name suggests, the preferred microhabitat of the majority of bark
beetle species for the purposes of reproduction is the bark of the host tree.
The adults burrow their way through the outer bark. Within the deeper
layers of the bark or directly beneath those layers, in the upper layers of the
tree’s sapwood, they excavate brood tunnels in which they lay their eggs.
The reproductive biology of these beetles is very interesting as some spe-
cies are monogamous, so a single male and female will construct a brood
burrow, while other species are polygamous, that is, a male has a harem of
several females, all of which construct their own brood burrows. When the
larvae hatch they proceed to munch their own tunnels in the wood—tiny
channels that snake away from the main brood tunnel. The patterns these
brood and larval tunnels leave in the wood are distinctive enough to allow
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the identification of individual bark-beetle species even when there is no
sign of the adults. Some bark beetle species tunnel into the inner wood of
the tree rather than the phloem-bearing sapwood. These species can be
considered a pest of timber rather than the tree itself as the tunnels they
excavate reduce the quality of the wood for a number of purposes. In these
species, the larvae feed on fungi, the spores of which are deposited by the
female from a special pouch when she is laying her eggs. The fungal spores
are carried by the larvae and sprout in the sheltered confines of the galler-
ies. The introduced fungus feeds on the wood and in turn it is consumed
by the beetle larvae. The bark beetles species that specialize in consuming
the underside of the bark and the sapwood have little need for fungi as this
material is easier to digest than the inner wood of the tree.

When small numbers of bark beetle are present, the damage they cause
to a tree is minor, although they do permit the entry of fungi that can
severely weaken and even kill the tree. However, in heavy infestations, the
tunnels in the sapwood can be so numerous that the flow of sap through
the trunk from the roots to the branches can be significantly impeded and
the upper reaches of the tree do not receive the sap they need to sustain
their biological processes. In these situations the tree may die.

The bark beetles have been living this way of life for many millions of
years and in this time they have become acutely attuned to their hosts,
sensing the best time to attack a tree, that is, when its defenses are at their
weakest. Trees that have been damaged by storms or in forestry operations,
diseased or moribund trees, and those experiencing drought or nutrient
stress are very vulnerable to bark beetle attack. Trees experiencing stress
for any cause will release compounds that the adult bark beetles are able to
sense. The beetles home in on these chemical messages, enabling them to
single out and attack the weakest trees. Once on or in the tree, the beetles
are also known to produce aggregation pheromones that will attract other
adult beetles, both males and females, to the breeding hot spot. These ag-
gregation hormones are known to be triggered when the tree produces res-
ins in response to insect damage. If large enough numbers of beetle are
attracted, the infestation will overwhelm the tree’s defenses.

In addition to the damage that bark beetles do simply by feeding on
sap-conductive tissue, they can also cause severe damage to certain tree
species because of the symbioses they have developed with certain species
of fungi. A perfect example of this is the bark beetle Scolyrus multistriatus
and the fungus Ophiostoma ulmi, the causative agent of Dutch elm dis-
ease. Adult beetles of this species carry spores of this fungus and when they
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colonize a new host tree they inoculate the tree with the fungus, which
eventually weakens and kills the tree, providing further future habitat for
the beetles. In exchange for creating more habitat in which the beetles
can breed, the fungus gets a free ride to hosts it might otherwise have no
chance of reaching. There are countless bark beetles that have struck up
symbioses with fungi, but the difference in this particular example is how
devastating the fungi can be.

The origins of the fungus that causes Dutch elm disease are unknown,
but it first appeared in Europe in the Netherlands in the early part of the
20th century. From the 1920s until the 1940s it ravaged the elm tree pop-
ulation of the northern hemisphere, eventually reaching North America in
1928. This original outbreak eventually disappeared, but in the 1960s an
even more virulent form of the fungus (Ophiostoma novo-ulmi) emerged
and killed off even more elm trees throughout Europe. In England alone,
Dutch elm disease killed at least 74 percent of all the elm trees.

Not all the bark beetles are considered pests. It is only the small minor-
ity of species that attack tree species of commercial importance in large
numbers, causing heavy infestations resulting in tree death over large areas
of land. All types of trees are attacked by these beetles, but it is the com-
mercial coniferous species that are most at risk because they are grown in
monocultures that cover huge swaths of ground. The southern pine beetle
(Dendroctonus frontalis) is a serious pest of pine trees in the southern U.S.
states. It has been estimated that between 1960 and 1990, this species
caused damage to pine forests worth around $900 million.

In Europe, the spruce bark beetle (Ips typographus) can cause very sig-
nificant damage to forestry plantations where it attacks both damaged and
healthy spruce trees. Compared to many bark beetles, L. typographus car-
ries many types of pathogenic fungi that infect and kill host trees, such as
Ceratocystis polonica, the bluestain fungus, which is highly virulent and also
reduces the timber value of trees it doesn’t kill by staining the wood blue
(hence its common name). In Germany, a seven-year epidemic of this bee-
tle that began at the end of World War II destroyed more than 30 million
cubic meters of spruce. In the 1970s in Norway, an epidemic of this species
destroyed 5 million cubic meters over an area of 140,000 square kilometers,
which not only markedly changed the forest ecosystems by changing plant
composition and reducing biodiversity but also had a significant effect on
the country’s gross national product. The same epidemic in Sweden killed
around 7 million cubic meters of spruce. The spruce bark beetle is one spe-
cies that could have a drastic effect on the pine forests of North America
if it found its way there. In North America this beetle would undoubtedly
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kill huge numbers of trees and change the floral and faunal composition of
wild and plantation forests alike. Needless to say, the U.S. authorities make
every effort to ensure this pest never crosses the Atlantic.

The red turpentine beetle (Dendroctonus valens) is a pest of North
American forestry, a native scolytid whose populations are regulated to a
degree by the presence of natural enemies. At some point in the 1980s,
this species was inadvertently transported to China, probably in forestry
products, and since then it has gone on to spread through four Chinese
provinces. In these provinces it has infested and killed more than six mil-
lion pine trees (Pinus tabulaeformis) covering an area of half a million
hectares of ecologically and economically valuable forest. The watersheds
in these provinces are characterized by particularly thin soils easily washed
away by heavy rains, and the forests fulfill an exceptionally important role
in preventing the soil from being washed away into the many rivers of
northern China. As an invasive species in China, the red turpentine beetle
has few natural enemies, which exacerbates the problem.

There are numerous options for controlling bark beetles. Conceptually
the simplest of these is imposing quarantine restrictions on the movement
of timber and other forestry products, thereby preventing the spread of
these insects into new areas. Although quarantine is theoretically straight-
forward, it is very complex and expensive in practice, especially in view
of the huge borders that some countries have to police. As difficult as
quarantine measures are to enforce, they can be very successful in keeping
forestry pests out of a particular country.

Several chemical controls are also used to control bark beetles. Insec-
ticides can be used on the small scale, but for large-scale control the dif-
ficulties in covering huge areas with these chemicals and the detrimental
effect they have on the environment vastly outweigh the potential benefits.
An area of bark beetle control research that is attracting a lot of attention
is the use of semiochemicals, which are compounds that are identical to
or that mimic those produced by insects and can be used to manipulate
the behavior of the target species. The pheromones produced by bark bee-
tles were mentioned above and it is these that scientists emulate to attract
the beetles away from their host trees and into traps. Used appropriately,
semiochemicals can be very successful in controlling bark beetle popula-
tions, even over huge swaths of ground. Biological agents can also be used
successfully to control bark beetle populations. These agents include vari-
ous fungi, nematodes, and other insects, all of which destroy bark beetles
at various stages in their life cycle. In the case of the red turpentine beetle
problem, a predatory beetle (Rhizophagus grandis) and a parasitic nematode
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(Steinernema ceratophorum) have both been shown to control the popula-
tions of this pest.

Some bark beetle species can certainly be a nuisance for commercial
forestry operations; however, the way in which forestry systems work, that
is, the planting of huge areas of monoculture, is conducive to the survival
of bark beetles species that use these trees as hosts. Maintaining biodiver-
sity in these forests is one way of ensuring that bark beetle populations
are regulated naturally and this means cultivating forests that reflect the
composition of wild forests as much as possible.
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Bedbug

“Don't let the bedbugs bite.” There are few people who can’t have heard
this familiar bedtime phrase and it’s one that stems from a time when
most dwellings were infested with this small bug. There are actually three
species of bedbug that bite humans. Cimex lectularius is the most wide-
spread and is the species most people will have encountered. C. hemipterus
is found in tropical areas and Leptocimex boueti is restricted to West Af-
rica. All three species have evolved from ancestors that fed on bats and
cave-dwelling birds. Caves are excellent refuges and our ancestors prob-
ably started using them hundreds of thousands or millions of years ago.
It was then that ancestors of the bedbugs started using our species as a
source of food.

C. lectularius is the most important bedbug species from a pest perspec-
tive. We will only make reference to this species from here on, so when
the term bedbug is used we mean C. lectularius. It seems this bedbug spe-
cies originated in the Middle East, but its spread into Europe may not
have occurred until historical times as the human race became increas-
ingly mobile and trade prospered. By 400 B.C. this species had certainly
reached Greece and in Italy the first references to it occur in 77 A.D. By
the 11th century A.D., C. lectularius had reached Germany and by 1583 it



INSECTS: BEDBUG 55

A bedbug at 40x magnifica-
tion. (Warren Rosenberg |
Dreamstime.com)

had arrived in England. Its arrival in England was at the same time as the
wealthy courts of Europe were sending men and ships across the oceans
to find new lands and the fabulous riches thereof. In the packing trunks
and ruffed, period attire of these pioneers, C. lectularius probably found
passage to every suitable corner of the globe.

Zoologically, the bedbug is a small, flattened, and wingless true bug. As
adults they range in size from three to five millimeters and like other true
bugs they have mouthparts adapted for piercing and sucking. They spend
most of each day out of sight in tiny cracks and crevices, but as dawn ap-
proaches, when their human quarry is in a deep sleep, they emerge to feed.
They locate a human from the carbon dioxide and heat we emit. When
they’ve found a suitable place to feed, they plunge their sharp mouthparts
into the skin. The bedbug injects an anesthetic so the victim is not dis-
turbed as well as an anticoagulant to prevent the blood from clotting as
it passes through the insect’s narrow feeding tube. In a single feed, a bed-
bug can imbibe three times its own weight in blood. Once engorged, the
swollen insect returns to its lair to digest its meal. Blood, although high
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in protein, is lacking in some other nutrients, so the bedbug has a pair of
specialized organs, known as mycetomes, which house symbiotic bacteria
responsible for supplementing the bug’s blood diet. With this efficient
digestion of its blood meals the bedbug is capable of going without food
for at least 18 months.

The bedbug is not in the same class as insects such as the mosquito
when it comes to being a public health menace simply because it doesn’t
transmit any disease-causing organisms. Twenty-seven species of pathogen
have been shown to survive for varying lengths of time in bedbugs, but
there is little evidence to suggest these insects ever act as vectors. The big-
gest problem with the bedbug is the annoyance factor. Around 90 percent
of those people bitten develop some form of reaction to the bites, which
can result in localized inflammation and itchiness. The author can attest
to the irritation of these bites as one early morning he received nine bites
in a line across his back. Closely spaced bites like this are common, as a
feeding bedbug, if disturbed, will move off a little way and try to feed
again. Not only do the bites cause intense irritation, but they can also
become infected, which poses the risk of serious disease in areas with poor
medical facilities. In cases of heavy infestations, victims can receive many
hundreds of bites in the small hours of the morning, which is quite a
significant blood loss, especially if it is maintained over many weeks or
months.

Following the large-scale use of synthetic insecticides the bedbug was
very nearly eradicated in many areas, but it is back with a vengeance, aided
by insecticide resistance and globalization. More people are traveling to
more destinations than ever before and the places they visit are areas where
the bedbug has always been numerous. Thanks to their size and flattened
shape these insects are expert stowaways. After feeding they will seek ref-
uge in any suitable nook, even the seams of a large bag or jacket, and from
there they are transported back to the traveler’s home. They'll even jump
ship on the public transport serving airports, train stations, and docks. In
this way the bedbug is spreading like never before and as urban popula-
tions continue to rise populations of this insect will follow suit.

Controlling these insects is not as difficult as it may first seem. All that is
required is a little diligence. After feeding, bedbugs will retire to any suit-
able crevice. This could be the tiny gaps in a bed frame, the gaps and holes
in and around electrical and phone points, or a picture frame. The bugs
betray their presence by small dark spots of feces around these hideaways.
When an infestation is confirmed the affected rooms should be thoroughly
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Bedbug Sex

They might be pests, but bedbugs are fascinating insects, especially
when one considers the way in which they reproduce. These small
bugs practice something called traumatic insemination. This is where
the male pierces the body of the female and deposits his sperm in a
specialized organ in the female’s body cavity (the spermalege). From
here, the sperm migrate through the female’s body cavity to her re-
productive tract, where they fertilize the eggs. This brutal means of
reproduction carries quite a penalty for the female of the species: it
can reduce her life span because the process causes mechanical dam-
age and microorganisms can enter via the wound. How such a repro-
ductive strategy evolved is something of an enigma, but it may be to
overcome the problem presented by mate plugging. Many male ani-
mals, including many insects, try and guarantee paternity by blocking
the female’s reproductive tract with a gelatinous secretion following
insemination. Traumatic insemination may be a means fertilizing a
female’s eggs even after the reproductive tract has been blocked in a
previous mating. As this type of mating is detrimental to the health
of the female, structures such as the spermalege have evolved as a
way of reducing the detrimental impact of having the abdominal wall
punctured.

Further Reading: Reinhardt, K., and M. T. Siva-Jothy. Biology of bed
bugs (Cimicidae). Annual Review of Entomology 52(2007): 351-74.

cleaned and suitable insecticide powders or sprays applied over a period of
weeks to kill the active bugs and any others that hatch from eggs. If there
are no bites or evidence of feeding activity in the month following the last
insecticide application, the bugs have been eradicated. Although eradicat-
ing bedbugs is relatively straightforward it can still be expensive, especially
for the hospitality industry, as an infestation can sometimes involve huge
complexes. For businesses such as hotels, the direct costs include the cost
of treatment and cleaning, replacement of furniture, and compensation
payments to guests. There is also the unquantifiable cost of a damaged
reputation, even though an infestation of these bugs can occur in the most
hygienic premises. Eradicating bedbugs may cost $75-150 per room, so
a really big infestation requiring multiple insecticide treatments can cost
thousands of dollars. It’s not unheard of for large premises in urban areas
to throw more than $100,000 at their bedbug problem. Pinning down the
economic cost of the global bedbug problem is almost impossible, but it
must be hundreds of millions of dollars every year.
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Biting Midges

Biting midges are flies in the family ceratopogonidae. These insects have
an ancient heritage: remains of specimens indistinguishable from modern
species have been found in Lebanese amber, 120 million years old. These
flies are so small that it’s surprising they are capable of piercing the skin
of large vertebrates at all, but bite they do and with a ferocity completely
disproportionate to their diminutive dimensions. These biting flies are so
well known and so widespread that almost everywhere in the world there
are local names for these insects. In North America they are commonly
known as no-see-ums or punkies, in Norway they are known as knotts,
and in Polynesia they are called no-no’s. They can be found from the

Biting midges are small insects
equipped with sharp mouthparts
for slashing the thick skin of

%4 vertebrates, including humans.
They feed from the tiny pool of
blood that forms. (CDC/

Dr. Richard Darsie)
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tropics to the tundra of the Arctic Circle and depending on the species in
question they can be found in enormous numbers. The family of flies to
which the biting midges belong contains at least 6,000 species in 110 gen-
era, but there are undoubtedly huge numbers of species in this family
that are still unknown to science. Of the genera in this family, only four
contain species that drink blood from mammals: Culicoides (the most im-
portant genus from a human and animal health perspective), Forcipomyia,
Austroconops, and Leptoconops.

Biting midges are tiny insects. The adults are 1-2.5 millimeters long
and they begin life as elongate eggs, no more than half a millimeter long.
The females lay their eggs in a range of aquatic and semi-aquatic habitats,
including swampy ground, salt marshes, tree holes, and animal dung. The
larvae of many species of biting midge are very good swimmers capable
of propelling themselves through the water with sinuous movements of
their thin bodies. Exactly what the larvae feed on in the wild is very poorly
known, but some are known to be predaceous on various tiny aquatic
and semi-aquatic organisms, whereas others are herbivores or scavengers.
It takes between two and seven days for the larvae to hatch from their
eggs and depending on the species and where they live, larval develop-
ment can take anywhere from two weeks to a whole year. A lengthy larval
development period is especially characteristic of those species from high
latitudes as they must cease their development during the winter and go
into diapause to survive the cold conditions. It is not uncommon for some
arctic species to require two years to complete their larval development.
In these over-wintering species, the arrival of spring is the signal for them
to continue their development into pupation and adulthood. Following
the successful completion of pupation, the adults emerge and go about
seeking mates and food.

Mating takes place when the midges form swarms above water or vi-
sual landmarks such as small bushes. These swarms are often composed
of many species of midge and the males recognize the females of their
species by the frequency of their wing-beat or species-specific phero-
mones. The females of many biting midge species mate only once; when
they have obtained a batch of sperm they can go about finding food to
complete the maturation of their eggs. However, there are some species
where the females can save time in laying their first batch of eggs be-
cause they don’t need a blood meal to complete the maturation of their
eggs. Instead they depend on the energy reserves laid down during their
time as larvae. Those species requiring a blood-fix to successfully mature
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their first load of eggs must seek out hosts. For some species, their choice
of host is limited to one or a few species of related vertebrates, whereas
many biting midges are generalists, happy to take blood from any ver-
tebrate they can find. Amphibians, reptiles, birds, and mammals are
all fair game for the biting midges. They locate hosts using visual and
olfactory cues. In fair weather the females can disperse across five kilo-
meters in 36 hours in their search for food. Male biting midges are not
driven by this desire for blood, so they are much less vagile. Due to their
very small size, the flight of biting midges is heavily dependent on the
weather as wind-speeds of more than 2.5 meters per second can ground
these flies.

Like the tabanids (see tabanids entry), these flies are pool feeders; they
make a tiny slit in the host’s skin and underlying capillaries with their
mandibles and drink the blood and other fluids from the pool that forms.
Like other blood-feeding flies, biting midges have massive appetites and
an adult female Culicoides midge can drink her own body weight in blood
during each meal. Following each meal, the midge retires to a suitably
sheltered spot in nearby vegetation and begins the process of eliminating
the excess fluids and salts from the food before digesting it.

Biting midges are universally loathed for two main reasons. Firstly, their
bites are intensely irritating, as both the mechanical damage caused by
the mandibles and also the saliva that spreads into the wound trigger an
immediate inflammatory response that is localized but painful. The pain
of a midge bite is something of a maladaptation when these flies are at-
tempting to feed on humans as the host is quickly alerted to their pres-
ence. However, in areas where these flies abound, for every swatted midge
many more get away fully engorged with blood. In high latitudes midges
can occur in such profusion during the summer months as to render cer-
tain areas off limits to all but the most well-equipped or hardy visitors.
The Highland midge (Culicoides impunctatus) occurs in mind-boggling
densities, with 500,000 adults emerging from just two square meters of
ground. Any large mammal venturing into these areas is descended upon
by clouds of these fliess—more than enough to prompt a hasty retreat. It
has been estimated that losses to the Scottish tourism industry caused by
this species amount to at least $440 million every year as visitors steer clear
of the areas most affected. Not only is tourism affected by this species, but
it is estimated that 20 percent of working days during the summer may
be lost to outdoor jobs as even simple tasks are rendered impossible by the
ravages of biting midges.
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The nuisance aspect of biting midges is only one part of the story.
These flies are also vectors for a number of pathogens, notably viruses,
protozoa, and nematodes that can cause serious diseases in humans and
livestock. The most important human pathogens transmitted by these
flies are the virus that causes Oropouche fever and the nematodes that
cause Mansonellosis. The former is not a life-threatening illness, but it
can be debilitating, with typical fever symptoms lasting for a week or
more. In the Amazon region of Brazil numerous outbreaks of Oropouche
fever have been documented. Three species of nematode are responsible
for causing Mansonellosis: Mansonella ozzardi, M. perstans, and M. strep-
tocerca. These nematodes complete part of their life cycle in the body of
the fly and infect humans to reproduce, but in most cases they do not
cause any symptoms in their human host, although they can occasionally
cause more serious problems such as blockage and inflammation of the
lymphatic vessels and enlargement of the liver, especially when they occur
in large numbers.

The most serious problem posed by the biting midges is their impact
on livestock from the disease-causing pathogens they transmit, by far the
most important of which is the virus responsible for bluetongue disease.
Bluetongue disease was first described in South Africa in 1902 following
the introduction there of European cattle and since then it has spread
to Africa, Asia, South America, North America, the Middle East, India,
and Australia. In very recent years (2001) its range has increased farther
into the Mediterranean Basin and Europe. Transmitted by midges in the
genus Culicoides, the disease afflicts a range of wild and domesticated ru-
minants, including cattle, sheep, goats, deer, and camelids, all of which
display the typical symptoms of fever, excessive salivation, swelling of the
mucus membranes in the nose and mouth, hemorrhaging from the mucus
membranes of the mouth, erosion of mouth tissue, swelling and cyanosis
of the tongue (causing the tongue to turn blue, hence the name of the dis-
ease), loss of wool, and depression and hemorrhages of the hooves result-
ing in lameness and difficulty standing. In cattle the disease is not often
fatal, but in susceptible flocks of sheep mortality can be as high as 50-100
percent. Rather than mortality, the real problem with bluetongue is the
extent of the breakouts and the impact on agricultural productivity, in-
cluding weight loss of affected livestock, reduced milk yield, abortion, the
veterinary costs of treating sick animals, and the loss of trade that results
from the bans imposed on animal movements to contain the spread of
breakouts.
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In recent years, the breakouts of bluetongue disease have been excep-
tionally damaging to the livestock industry. For example, during the epi-
demic in Italy in 2000-2001, approximately 18 percent (263,000) of the
nation’s sheep and goat flock showed symptoms, and of these diseased
animals, 48,000 died (3% of the nation’s flock). The following year in the
same country saw a similar proportion of animals infected, but mortality
rose to 5 percent. As has already been mentioned, estimating the cost of
an outbreak involves taking into account a number of factors, but the
2007 outbreak in France was estimated to have cost $1.4 billion, while the
annual costs in the United States from trade losses and associated testing
of cattle for bluetongue virus status has been estimated at $130 million.
One worrying trend of the bluetongue disease phenomenon is the way
that it has spread north in recent years; the evidence suggests the range
expansion of the vector midges is made possible by global warming. As the
climate continues to warm bluetongue disease will undoubtedly become
ever more problematic.

Large-scale control of biting midges is practically impossible, given
the geographic range of these insects and the enormity of their popula-
tions. Conventional strategies involve the use of insecticides against the
larvae and adults, but for the reasons stated above these strategies generally
have a very limited impact and the implications for the environment of
large-scale applications of these synthetic chemicals can be very serious.
The single most effective way of keeping these flies from biting humans
and livestock is to avoid areas and times when the adults are on the wing
and most likely to bite. Livestock can be moved to shelters during the eve-
nings and early morning and humans can cover up, seek shelter, and make
use of the numerous types of insect repellent on the market that deter the
flies from landing and biting.
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Black Flies

Black flies, also known as buffalo gnats because of their humpbacked ap-
pearance, are small insects, typically one to five millimeters long, belong-
ing to the fly family simuliidae. Worldwide they are represented by around
1,500 species, of which several are important pests. A fossil pupa from
the Jurassic period is virtually indistinguishable from that of some living
species, suggesting these flies have been biting vertebrates for at least 100
million years. Black flies are found all over the world, but they are at their
most abundant in northern temperate and subarctic zones where they can
often appear in huge numbers.

As with many pest insects, the life history of these flies is very interest-
ing. Their larvae are aquatic and they can only develop successfully in
running, well-oxygenated water; therefore the females must deposit their
200-500 eggs on or in the water. Some species lay their eggs on the surface
of water where they rapidly sink, while other species clamber down rocks
or aquatic vegetation to lay their eggs directly underwater. The black fly
larva is a fascinating little creature, capable of producing and using silk in
an amazing way. The silk is produced by a pair of enormous glands that

W r

Black flies, like biting midges, feed on vertebrate blood by making a small incision
in the skin. (World Health Organization)
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stretch almost the entire length of the larva, issuing from pores in its head.
As soon as the larva hatches it spins a silken mat on an underwater object,
possibly a large stone, and clings onto the mat using the tiny hooked pro-
legs at the hind end of its body. Securely anchored against the powerful
current the larva can commence feeding and it does this, primarily, by
filtering the passing water for edible particles using its modified mouth-
parts, akin to a delicate pair of fans. Some species are even hitchhikers on
other aquatic animals and will attach their silken pad to mayfly nymphs
and freshwater crabs. Although the larvae are largely sedentary, they are
capable of acrobatic movements. If disturbed or seeking new places to
feed, they will stretch out, spin a new silken pad, grab onto it with their
mandibles, and attach themselves using their prolegs. They are also able
to move greater distances by releasing their grip on the silken pad and
drifting downstream, often on a lifeline of silk, until they grip another
submerged object and spin another pad. In suitable locations black fly
larva can be present in incredible densities and the downstream side of a
rock or log can be festooned with these little animals. Larval development
depends on temperature, so some tropical species can go from egg to adult
in four days, while species in subarctic areas can take half a year to com-
plete their development. Once pupation is complete the adult flies extract
oxygen from the water to fill internal air sacs, allowing them to shoot to
the surface of the water like a cork. They then fly off to mate, and the fe-
males start seeking out large terrestrial animals from which to take blood
meals in order to mature their eggs.

Black flies do transmit pathogens, namely the nematode worms that
cause onchocerciasis, a nasty disease commonly known as river blindness.
This disease is endemic to 34 countries in Africa, the Americas, and the
Middle East, but sub-Saharan Africa is most severely affected. Globally,
onchocerciasis is the second leading infectious cause of blindness, and al-
though it’s not fatal, it is debilitating for both individuals and whole com-
munities. At the time of a World Health Organization review in 1993,
more than 17 million people were thought to have the disease, of which
268,000 were blind as a result. Blindness is the most serious symptom of
onchocerciasis and it is caused by the body’s immune response to the juve-
nile nematodes that find their way to the eye, and/or to the bacteria living
inside these nematodes. In addition to blindness the nematodes can also
cause disfigurement, including lumps and severe swelling, dermatitis, and
depigmentation of the skin. In addition, there is evidence that onchocer-
ciasis may cause epilepsy. The nematodes are transmitted to humans in the
bite of the black fly and the disease they cause is so feared in some places
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that fertile river valleys are often abandoned because of the large black
fly populations. Huge strides have been made in the control of this dis-
ease, as the drug ivermectin can kill the juvenile and adult nematodes in
their human host. In the long term the nematodes responsible for causing
onchocerciasis will undoubtedly evolve resistance to ivermectin, so new
drugs will be required. Both adult and larval black flies can be controlled,
but this necessitates the use of toxic insecticides that kill nontarget organ-
isms, affect human health in poorly understood ways, and are limited in
the long term by the emergence of resistance. Preventing the flies from
biting is the simplest, most effective way to disrupt the transmission of the
disease; this prevention requires nothing more complex than basic educa-
tion, insect repellents, insect nets, and suitable clothing, all of which are
effective at keeping the flies at bay.

In suitable habitats black flies can occur in such huge numbers that
their bites can be a painful nuisance for humans and potentially deadly
for livestock. The bite of one black fly is not a cause of much concern,
besides general irritation, local pain, and inflammation, but when there
are thousands or hundreds of thousands of them the cumulative effects
of their bites can be deadly, especially for large animals such as cattle and
horses. In 1923, a species of black fly (S. colombaschense) found in central
and southern Europe was responsible for the deaths of at least 16,000
livestock. In the mid- to late 1940s, another black fly species (S. arcticum)
killed more than a thousand cattle annually in Canada. Some black fly
species are known to have saliva that is toxic to cattle and it is this com-
bined with a huge number of bites over a period of time that probably
causes the deaths of livestock in areas where enormous numbers of black
fly emerge in the summer months.

FURTHER READING

Adler, P. H., and J. W. McCreadie. Black flies (Simuliidae). In Medical and Vet-
erinary Entomology (G. R. Mullen and L. A. Durden, eds.), pp. 183-98.
Academic Press, San Diego, CA, 20009.

Boll Weevil

Cotton, a ubiquitous, endlessly useful fiber, begins life as a white fluffy
material surrounding the seeds of plants in the genus Gossypium—the cot-
ton plant. This white fluff is processed into the cotton we are familiar
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The boll weevil can devastate cotton crops. (iStockPhoto)

with, a material with a multitude of uses even in the age of high-tech
synthetic fibers. Like any other plant, cotton has its enemies and with
the increasing cultivation of Gossypium species in expansive monoculture
these herbivorous and pathogenic organisms have become a greater and
greater problem.

One of the most serious pests of cotton is the boll weevil (Anthonomus
grandis), a beetle whose small size belies the immense, some say legend-
ary, social, economic, and agricultural impact it has had over the years.
To many scholars, the boll weevil is a pest without equal, an insect that
in many parts of the United States is considered to have had an influence
on society, history, and culture second only to the American Civil War.
Widely thought to be a native of Central America, the boll weevil steadily
edged into the United States from Mexico. The first definite records are
from Brownsville, Texas, in 1892.

The life cycle of this unassuming beetle begins when overwintered
adults from the previous year emerge from the leaf litter and soil in which
they have spent the coldest months. These overwintering sites are typi-
cally natural habitats just outside the crop, such as woods. Following their
emergence from their long sleep the weevils feed for about a week, mainly
on pollen, but also on flower buds (cotton squares) and the nascent fruits
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(bolls). With their appetites sated, the beetles move on to the important
business of reproduction and in no time at all the mature females are
ready to deposit their fertilized eggs on their host plant. The female uses
her strong mandibles at the tip of her rostrum to nibble a hole at the base
of her preferred oviposition site—the cotton square, although develop-
ing bolls are also used. Into this hole the female deposits an egg (onel of
around 200) and she seals the cavity made by her mandibles with a gelati-
nous secretion. After 2—5 days the larva hatches and commences feeding
on the contents of the flower bud, eventually causing the entire structure
to yellow and fall off the plant. The legless grub grows rapidly. Depending
on the temperature, the weevil is ready to pupate after 7-14 days and it
does this still safely concealed within the withering flower of its host plant.
Reordering the larva’s structures into those of the adult takes 4-6 days,
after which time it is ready to chew its way out of its nursery. The newly
emerged adult feeds on other flower buds for a few days before seeking a
mate to complete the life cycle. In ideal conditions, the life cycle of this
beetle can be completed in as few as 16 days, enabling as many as seven
generations to be squeezed into a single year. With every mature female
capable of knocking out 200 eggs it is not difficult to see how these little
weevils can devastate entire cotton crops.

The vast majority of the damage caused by this species is solely a result
of the feeding activity of the larvae, as they cause the flower buds and the
small bolls to die and drop from the plant. In a heavy infestation of these
beetles, the crop can appear deceptively healthy with abundant green foli-
age, but on closer inspection there will be very few mature bolls. From the
late 19th century until the early decades of the 20th century the boll wee-
vil was an extremely important pest in all the cotton-growing areas of the
United States. Its spread from its native range was apparently very rapid
and with each passing year the weevil horde inexorably expanded its range
by 40—-160 miles. Fully winged weevils can fly relatively large distances,
and because of their small size, more passive dispersal by strong winds and
storms is also possible. The rapid spread of the weevils was aided by their
inadvertent transport in shipments of cotton bales around the country.
By 1922, the boll weevil had reached the eastern seaboard of the United
States, and 85 percent of the cotton-growing areas were infested (around
600,000 square kilometers). Alabama, an important cotton-producing
state, was heavily affected by the boll weevil during the peak of the prob-
lem. In 1914, this state had produced around 1.7 million bales of cotton,
a yield that had dropped to around half a million bales in 1917 following
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the colonization of the boll weevil. It has been estimated that throughout
the United States, this insect has cost cotton growers at least $13 billion.
Today it is still costing the industry in the order of $300 million every year
in losses and the expense of prevention and control.

The wider problems often tagged onto the boll weevil infestation stem
from the agricultural practices in the areas in which cotton was grown. A
lucrative crop, cotton was the primary cash crop in many areas, underpin-
ning entire rural economies. The damage wrought by the rapidly spread-
ing weevils was so intense that farmers had little time to find and perfect
the growing of other crops, so the economy of entire areas was devastated
just when the financial markets were also about to deliver a hammer blow
to the entire U.S. economy in the shape of the Great Depression. The
widespread destruction of the nation’s most important cash crop and the
Depression conspired to create a period of almost unparalleled financial
hardship for many people in the cotton-growing states. Bankruptcy was
commonplace and much of the populace was forced to leave the homes
they had known all their lives to search for work elsewhere. It wasn’t until
the 1940s that the situation began to improve. The immortalization of this
humble beetle in countless phrases, rhymes, and songs serve as a testament
to its influence in shaping the United States in the first half of the 20th
century.

During the peak of the boll weevil problem, suggestions for ways to con-
trol and eradicate the insects were almost as numerous the weevils them-
selves. This was before the days of insecticides, so growers tried various
methods to suppress the populations of the beetles, many of which were
completely futile. Plants were doused with kerosene, ash, and anything
that appeared to bring about the demise of the weevils without destroy-
ing the precious cotton plants. People went out into the field and collected
the infested cotton squares by hand. The woodland and other natural and
seminatural habitats surrounding cotton plantations were burned to deny
the adult weevils the overwintering sites they required at the end of the
growing season. The government established quarantine measures to limit
the spread of the beetles, but most of these were next to useless. The only
respite came in the 1930s when shifts in agricultural trends allowed weevil
populations to be controlled. Farmers eventually adapted to grow other
crops besides cotton, and with an increasing understanding of the bee-
tle’s biology they found that lower winter temperatures kept the weevil
numbers somewhat at bay. The cessation of World War II was associated
with a development that provided famers with another weapon against the
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weevils—synthetic insecticides, the commercial production of which was
made possible by technological advances and the liberation of industrial
manufacturing for purposes other than fabricating weapons of war. These
first synthetic insecticides, such as DDT, were initially very successful. In
no time at all the farmers became complacent and came to rely on these
wonder chemicals, forgetting the cultural methods they had developed
previously to suppress the weevil populations. Unfortunately, by the end
of the 1950s, overuse of these synthetic insecticides caused natural selec-
tion of those weevils with chance genetic mutations, rendering them resis-
tant to these chemicals. These weevils survived the chemical warfare and
went on to spawn progeny similarly resistant to these insecticides. Before
long, resistance was rife and these chemicals, once lauded as the nail in the
coffin of this pesky insect, were becoming useless.

It was not long after that the devastating environmental effects of these
first synthetic insecticides were appreciated—not a moment too soon for
wildlife. New synthetic insecticides were developed and the pattern was
exactly the same—exaggerated claims by manufacturers and users, over-
use, evolution of resistance, and damaging environmental side effects.

Eventually it dawned on U.S. authorities that insecticides were not the
solution to the boll weevil problem and in 1962 an entire laboratory was
set up with the objective of exploring ways in which this beetle could be
controlled and even eradicated. The scientists in this laboratory developed
a whole raft of measures for controlling the weevil, collectively known
as integrated pest management (see introduction). Over time, this has
come to include traditional chemical control with insecticides, but in a
very targeted fashion: pheromone-based traps, cultural practices, and the
harnessing of natural enemies. To date, this integrated strategy has been
very successful and the weevil has been eradicated from many areas where
it once ran amok through the cotton crop.

The boll weevil problem is only a fraction of what it used to be, but
this insect is still responsible for considerable crop losses in the United
States and in other parts of the Americas, notably South America, where
it has managed to invade the cotton-growing areas of Brazil, an area long
thought to be out of reach of this pest due to a natural barrier—the vast
swath of equatorial forest carpeting the Amazon basin. The beetle was first
recorded in S3o Paulo State, Brazil, in 1983, perhaps introduced in a cot-
ton shipment from infested areas. Since then it has gone on to infest the
vast majority of cotton farms in Brazil and is widely regarded as the single
most important pest of cotton in this country.
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The negative aspects of the boll weevil’s depredations are impossible to
ignore, but this is just one side of the coin. The boll weevil problem in the
United States stimulated the emergence of pest science as a discipline in
its own right, a branch of biology responsible for huge leaps in agricultural
productivity and a more efficient use of cultivated land. A fundamental
element in the emergence of pest science as a rigorous discipline was rec-
ognition of the importance of intently studying the biology of pests and
natural enemies. This basic, albeit hard-won, information was crucial in
identifying those measures, which could reasonably be assumed to help
suppress the populations of a pest.

The boll weevil story is a stark reminder of the follies of intensive ag-
riculture and how a seemingly insignificant animal can affect not only
farmers, but entire communities and regions.
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Citrus Leaf Miner

Leaf mining is a way of life peculiar to the insects, specifically the flies,
beetles, moths, and sawflies. All the immature stages of a leaf mining
species develop beneath the epidermis of the leaf in the tissue known as
mesophyll, which contains the cells responsible for converting the sun’s
rays into chemical energy via the process of photosynthesis. The leaf miner
consumes this photosynthetic tissue as it burrows through this impossibly
thin layer, forming very obvious snaking tunnels or blotches in the leaf
demarcated by the papery, translucent remnants of the epidermis.
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This tiny moth is capable of causing severe damage in citrus crops. (Nigel Cattlin/
Visuals Unlimited, Inc.)

Just how this unusual life strategy came to evolve is not initially ob-
vious. Why should a herbivorous insect go to the lengths of tunneling
through the mesophyll of a leaf when it could more easily just remain
on the outside and eat the leaf tissue in its entirety—epidermis and all?
The answer probably relates to predation. Herbivorous insects, especially
the immature stages, are at the mercy of a horde of predators, includ-
ing other arthropods and vertebrates. Tunneling into the leaf gives these
animals a physical albeit thin barrier between themselves and their many
enemies. More importantly, many small predators and parasitoids locate
their quarry by following the trail of odor that emanates from their feces
and other waste. The frass of leaf mining insects is retained in the feed-
ing tunnel, which helps to conceal the telltale odors from the herbivore’s
many enemies. The number of leaf mining species and the fact that this
way of life has evolved independently in at least four insect orders attest to
the success of this developmental strategy.

Numerous leaf miners are considered to be pests of agricultural and
horticultural crops, but the species we are focusing on here is the citrus



72 INSECTS: CITRUS LEAF MINER

leaf miner (Phyllocnistis citrella), a tiny, cosmopolitan moth with a wing-
span of around four millimeters that feeds on citrus and related plants.
The gravid adult females deposit their eggs singly on the underside of the
young leaves of the host plants and after 2-10 days the first instar larva
hatches and bores through the epidermis of the leaf into the mesophyll.
Once in the mesophyll, the larva munches its way through this tissue,
leaving a serpentine tunnel. Normally, a single leaf supports only one larva
of the citrus leaf miner, but in heavy infestations on large leaves there may
be multiple snaking mines formed by as many as nine larvae. Depending
on the temperature, the larvae complete their development in 5-20 days,
progressing through four instars. With pupation imminent, the larva tun-
nels to the margin of the leaf that has nourished it and excavates a small
chamber in which it will make the transition into adulthood, a process
taking anywhere between 6 and 22 days. The short-lived adults emerge
from their pupal cells during the dawn to seek members of the opposite
sex to mate with. The females, replete with fertilized eggs, are active at
dusk and during the night, searching for suitable sites to deposit their own
eggs. The whole life cycle of this moth is completed in 13-52 days. In
some areas, such as Northern India, the citrus leaf miner can go through
as many as 13 generations in a single year, whereas 6 generations may be
completed in a year in southern Japan.

Species such as the citrus leaf miner have evolved with flowering plants
and in natural conditions the damage they cause is rarely significant; how-
ever, in monoculture cultivation their populations can grow to such a level
they become problematic. The citrus leaf miner can be a problem for citrus
growers, particularly in nurseries where young plants are more susceptible
to being weakened by the damage caused by the insect’s leaf tunneling. In
heavy infestations with more than one larva per leaf, the tunneling reduces
the ability of the leaf to photosynthesize effectively, which is exacerbated
by leaf curling and withering. To date, this moth is known from most
citrus-growing regions around the world, but the extent of the damage it
causes and the economic losses have yet to be accurately quantified. Glob-
ally, around 70 million tonnes of citrus are produced every year, with the
United States and countries in South America being among the largest
producers. The potential of this moth to cause losses in this industry is very
significant and growers around the world are investing time and money in
monitoring the populations of this insect and the damage it causes.

Where infestations of the citrus leaf miner do occur, growers have vari-
ous options at their disposal for controlling this moth. Insecticides can be



INSECTS: COCKROACHES 73

used, but their environmental toxicity and limited effectiveness against a
target safely concealed beneath the epidermis of the crop means they are
far from the ideal choice. Other forms of chemical control, particularly
pheromone-based traps, are good at reducing the moth population in a
way that does not dent the populations of natural enemies. Additionally,
pheromone traps can be used to monitor the size of an infestation in a
particular growing area.

Although the citrus leaf miner is protected from many of its predators
in the tunnels it excavates in the leaves of its host plant, it is not without
its enemies. The most sophisticated and elegantly adapted of these are the
various parasitoid wasps that deposit their eggs in or on the larvae and
pupae of this tiny moth through the plant’s epidermis. In Southeast Asia,
Japan, and Australia the citrus leaf miner parasitoid fauna is impressive,
currently standing at around 39 species, with many others undoubtedly
to be identified. Wherever this moth is found, there will be at least one
species of parasitoid wasp that attacks its immature stages. Managing the
crop in such a way as to provide an environment conducive to the survival
of these natural enemies is one of the basic tenets of biological control.
It is also possible to augment the natural population of parasitoid wasps
with commercially available individuals, providing enhanced control if an
infestation develops.
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Cockroaches

Cockroaches are among the most well-known of all pests. The very word
cockroach conjures up images of mess and filth, but as unpleasant as these
insects may appear, they are very adaptable survivors that have simply
taken advantage of the opportunities presented by human civilization.
Cockroaches are among the most ancient insects, having roots somewhere
in the steamy forests of the Carboniferous era, at least 300 million years
ago. The general morphology and lifestyle of cockroaches has changed
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A cockroach feeding on a pear. These adaptable and ancient insects are a fixture
of the urban environment. (iStockPhoto)

little since they first evolved, attesting to the success of this original, rather
primitive template. Today, at least 4,500 species of cockroach are known,
although the actual number is probably far higher as th