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ECONOMIC IMPORTANGE OF
W00D-DESTROYING INSECTS

Though the question has often been raisgd, it
is virtually impossible to arrive at precise
figure concerning the economic loss caused
by the attack of wood-destroying insects.
Much of the damage is scattered and never
reported. In some cases it is not recognized as
insect damage, and in other cases the cost of
repair related to insect damage, as separated
from that caused by other factors, is not
broken down in budget figures.

Questionnaires which gather information
from homeowners in one geographic location
cannot be used to generate information for
the country as a whole. The problems vary in
intensity and type from one area to another.
The same holds true when figures concerning
1he structural pest control industry are
gathered from state regulatory agencies. Very
few states maintain extensive records, and
those that do are not necessarily
representative of those that do not.
Nevertheless, there is a great need for
factually-based economic impact data.

The statement often quoted is-that it costs
1he public approximately $500 million per
year for the prevention and control of

THE PLACE OF INSECTS

subterranean termites alone (Ebeling, 1968)
and for replacement of damage they cause.
Subterranean termites are the cause of the
great majority of the losses from insect attack
on structural timbers and other wood or
cellulose-containing components in
buildings. In the years since, a number of
authors have come up with a wide range of
figures. Mauldin (1986), aftes reviewing their
data, concluded that the EPA estimate of
over 750 million dollars for annual termite
damage in the United States during 1981 is
probably the best estimate available. Current
figures could be considerably greater because’
of inflation alone.

Regardless of the lack of factually-based
loss figures, it is obvious to most of those
associated with the construction and
maintenance of housing that insects do
play a significant role in the deterioration
of wood components in almost all parts of
the country. This may well increase in
light of much tighter restrictions by the
Environmental Protection Agency on the
use of insecticides and wood
preservatives.

3
v
;e

IN THE ANIMAL KINGDOM

‘Most people associated with the construction
and maintenance of houses are not
particularly interested in insects, though they
are often concerned with the results of insect
activities. They may want to know how the
damage is accomplished, how it may be
recognized, what its significance is, and what
steps may be taken to prevent it or to stop its
progress if it has already started.

6 WOOD DESTROYING INSECTS

In order to discuss all of these factors
intelligently, it is necessary to understand
which organisms are responsible and to know
something of their characteristics, habits and
life histories. Through such knowledge we
can understand where the weak spots in their
life cycles exist and how to best employ
control procedures against insect pests.

All living creatures belong to either the -



Animal or Plant Kingdoms. Insects belong to
he former. The Animal Kingdom is divided
into large groups called phyla, which are in
turn subdivided into classes, one of which is
1he class Insecta. Insects, along with spiders,

ticks, centipedes, crabs and many other
similar classes of animals, all belong to the
phylum Arthropoda. All of the arthropods

_ have segmented bodies, jointed legsand a
hard shell for a skeleton.

THE CHARACTERISTIGS OF INSECTS

The insects form the largest class in the
Animal Kingdom. More than three fourths of
all kinds of animals known 1o science are
jnsects. Almost a million kinds have already
been named, and several thousand more are
discovered and classified each year. '
Fortunately, only a small percentage of the
mahy kinds are of any economic concern to
man. An éven smaller number are wood
destroyers.

‘What distinguishes insects from other
animals which are similar—the arthropods?
In the adult insect (Fig. 0-1) there are three

characteristics that will do this:

12 The body is divided into three major
divisions: head, thorax and abdomen.

2: Three pairs of legs and, in most cases, two
pairs of wings are present on the thorax.

3: There is one pair of antenna (feelers) on the

head. .

There are so many different kinds (species)

of insects, it is necessary to divide them into
groups with similar characteristics so they
can be more easily described and discussed.
As with all other animals, the class Insecta is
divided into orders, the orders into families,

Head

Thorax ———

Abdomen

R
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the families into genera, and each genus ixgto
species. The details and principles of classifica-
1ion are beyond the scope of this manual, but
the following example illustrates the point:
PHYLUM: Arthropoda (insects, mites, ticks,
spiders, lobsters, etc.)

CLASS: Insecta (insects)

ORDER: Isoptera (termites)

FAMILY: Rhinotermitidae (subterranean
termites)

GENUS: Reticulitermes (some subterranean
termites)

SPECIES: Reticulitermes flavipes (the eastern
subterranean termite)

Depending on the author, there are 30 or
more orders of insects recognized. We are
concerned with only three of them in this
manual: the order Isoptera (termites), the
order Hymenoptera (bees, ants and wasps),
and the order Coleoptera (beetles). It will not
be necessary to deal will all of the families or
species of these orders. The order Coleoptera
alone has more.than 250,000 described
species in the world and is represented in the
United States by more than 100 families’
containing about 30,000 species. Of these,
only a few families have representatives

which damage or inhabit wood in buildings.

The same is true for the other two orders.

W THE GENERAL BIOLOGY AND
DEYELOPMENT OF INSECTS

At different stages of their development, insects
may look very different and may even have
very different behavior. In order to understand
why this is true, we must examine in a general
way, the developmental biology of insects.
Most insects pass through a rather
complete change in appearance after hatching
from the egg. This change is called
metamorphos:s, and at least two types of
metamorphosis are recognized.
4. Complete metamorphosis occurs when
the insect passes through four stages in its
development—egg, larva, pupa and adult
(Fig. 0-2A). Members of the orders
Coleoptera (beetles) and Hymenoptera (bees,
ants and wasps) have this type of

8 WOOD DESTROYING INSECTS

metamorphosis.
2. iIncomplete metamorphosis (sometimes

- called gradual metamorphosis) occurs when

the insect does not pass through all four
stages, as, for example, the Isoptera
(termites), which develop as egg, nymph and
adult (Fig. 0-2B).}-

The insect eggs considered in this manual
are usually very tiny and not easily visible
without magnification. They have many shapes
and may be deposited singly or in groups by
the female. They are placed in locations that
enable the resulting larvae or nymphs to find
food easily. In the case of termites, eggs are
deposited within the workings of the termite
colony. The beetles, bees and wasps with which
we are concerned here place the eggs very

. carefully into or on the.surface of wood. The

ants, like the termites, place them inside the
workings of the colony. The term *‘colony” will
be discussed later.” © - - - - - .
The nymphs which hatch from the termite
eggs look very much like the adults, except for

“being smaller and not having wings. Their

color is much lighter than that of some adults.
They increase in size very gradually through a
series of molts (shedding of their external
skeletons) and, as they become older and larger

“take on more characteristics of the adults.

Thus, if they will become winged forms, they
gradually develop on the surface of their bodies
small wing buds, which become fully expanded
wings when the adult stage is reached.

The larvae hatching from the eggs of beetles,
bees, ants or wasps are referred to most
freqdé'mly as grubs. Grubs look nothing like

. adults. Depending on the species involved,

they may or may not have legs. They have no
evidence of wings developing externally. They
too increase gradually in size through a series
of molts, but do not change in their other
features. Finally, when the larval development
is completed, they became pupae.

The pupal stage is one which is inactive as -
far as feeding is concemned, but otherwise is
extremely active. Adult tissues are formed in

LSome authors have described a more complex fife eycle for termites, but
this description will serve our purposes.

4,



1he pupal stage. The process is gradual, with Once the adult forms appear, the amount
1he pupal form slowly disappearing and the of time that may elapse before they leave the

adult form and color gradually becoming wood and become active varies with the
more prononnced as the pupal tissues are species. More details concerning activity will
broken down and those of the adult estab- be included in the discussions of individual
Jished. types of insects.

Larva

Egg

%
Nymph %
o j
FIGURE 0-2. A. Complete metamorphosis.
B. Incomplete metamorphosls.

Pupa

k.
\%
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DAMAGE TO WOOD BY INSECTS

‘Wood-boring insects may be grouped
conveniently into those which damage:
standing trees or newly felled logs; sawn timber
and wood products during seasoning or
storage; and wood in use. They may also be
further grouped as to whether they attack
hardwoods or sofiwoods or attack heartwood
or sapwood. Certain insect species attack more
than one of these groups.

The primary concern of this manual is the
group of insects which attack seasoned wood in
use. Attention will be given 10 some additional
species which, though initiating attack in
unseasoned wood, may survive and complete
their development in wood which is air dry

and in use. It is also necessary to be cognizant. -

of some damage inflicted by insects in wood
prior to its milling, seasoning and use.

Three things are necessary. for insect
attack—a source from which the infestation
spreads, susceptible wood, and suitable
conditions of temperature and humidity.
Relatively little is known about some factors
‘which make certain woods more attractive to
insects than others, but insects are often quite
selective. Fungal decay in wood often renders it
more susceptible 1o infestation, but may also
repel insects. Some insects can tolerate wide
ranges of physical conditions; other cannot
survive great fluctuations in temperature or
humidity. Prevention of attack by insects is
sometimes closely related to the proper
handling of lumber during milling and storage.

Fungal decay and insect damage are
sometimes confused. Both may be presentin .
the same piece of wood. This manual will treat
the damages inflicted by various types of
insects in such a way that confusion between
decay and insect damage should no longer be a
problem.

Insect attack is generally characterized by
tunnels or cavities (often containing wood
powder or fecal pellets) within the wood. In
many cases there are holes of various shapes
and sizes on the surface. The wood powder

10 WOOD DESTROYING INSECTS

(frass) may be pushed out through the holes,
forming small piles beneath or on the surface
of infested wood, indicating that adults have
emerged recently or that live insects are
working inside the wood. Sometimes, when
attack is severe, the wood may be reduced to a
hollow shell or to a powdery condition. In
other cases, there may be very little external
evidence of attack, and the interior condition
of the wood can only be detérmined by probing
with a sharp instrument or by striking or
pounding the surface (sounding) to detect
hollows by sound differences.

No part of the United States or UsS.
territories is completely free from wood-
destroying insects. The problem in Alaska is so

-small as not to warrant concern. The problems

in tropical and semi-tropical areas are at the
opposite end of the spectrum. The most’
important type of insect that attacks wood is
the subterranean termite, found in all states
except Alaska and in all U.S. territories. The
subterranean termite causes the vast majority

_ of the insect-caused damage to wood in use.

There are various species of wood-inhabiting
beetles, bees, ants and wasps that are general in
their distribution, but the significance of their
damage is well below that of subterranean
termites. In tropical and in warmer and more
humid temperate climates, drywood termites
area ;&c}y significant problem; in some cases
they cduise over half of the recorded attacks on
wood. Even where they are common, however,
their damage is usually much less severe than
that of subterranean termites.

Potential economic losses and the
sienificance of the damage inflicted, as well as
appropriate control measures, depend upon the
type of pest involved. It is therefore essential t0
accurately identify the cause of the damage and
1o distinguish insect damage from other factors
involved in the deterioration of wood. Failure
to appreciate these points often results in
needless waste of wood or in unnecessary
treatments.

‘“:
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CHAPTER 1

TERMITES:

THEIR BIOLOGY AND

IDENTIFIGATION

®INTRODUCTION

“i’ ermites, belonging to the order Isoptera, are
small to medium-sized insects. Theylivein
social groups (colonies) composed of individu-
als in different stages of development and of
_ different forms and functional types (castes).
Each colony is really-a family, being composed
entirely of descendents from one original pair
ofindividuals. Both winged and wingless adult
individuals occurina colony. Someadults may
have short wing buds. In winged adults, the
four wings are very thin, have few veins, are
transparent to translucent, and the front and

hind pairs are equal in size and shape. The

order name, Isoptera, means “equal wings,”
and refers to this common characteristic of
termites. Termites have mouthparts devel-
oped for chewing. As indicated previously,
they have a gradual, though somewhat com-
plex, metamorphosis (change in form) during
development. b

Although termites are referred to as “white
ants™ in some parts of the world, they have only
a superficial resemblance to ants, and are, in
fact, much more closely related to cockroaches
than any other type of insect. When winged
termites and winged ants occur in similar
places at similar times of the year, persons not
thoroughly familiar with their differences
sometimes confuse them. Winged termites can
be distinguished from winged ants on the basis
of several characteristics, some of which are
illustrated in Fig. 1-1.

The termites with which we are concerned
all feed on wood. Their role in nature isto actas

12 WOOD DESTROYING INSECTS
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scavengers and hasten the breakdown—and
return to the soil as humus for plant growth—
the tremendous amount of dead and fallen
trees and other cellulose-containing material
that is continuously accumulating in forests
and elsewhere. Throughout much of the world,
they are the insects most destructive to wood
structures.

Antenna i
“Elbowed™ — ——

No Wing Stub

Middle Part
of Body Very Wings Mot Alike
Narrow In Size, Shape.
or Patliem
ANT
I3
Antenna
Not *Elbowed™
Stubs Left When
Wing Detaches
—
Middle Part of
Body Not Narrow Wings Similar in
Shape, Size,

and Pattemn

FIGURE 1-1. Winged termite and winged ant
compared.
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In the contiguous United States there are 43
species of termites, only 13 of which require
significant attention as pests of structures. In
Hawaii and the Pacific territories, there are two
species of great economic significance, while in:
Puerto Rico one species does the vast majority
of the damage in structures (personal commu-
nication, July 1975, Luis F. Martorell, Pro-
fessor Emeritus, Entomology Department,
University of Puerto Rico, Rio Piedras, Puerto
Rico). In the U.S. Virgin Islands, there are two
species of economic significance.

WMIDISTRISUTION

Termites occur in virtually every state of the
- United States except Alaska, and in all US.
1erritories. They cause varying degrees of trou-
ble, depending on the geographic Jocation. The
presence or abundance of termitesin an areais
controlled by their environmental require-
ments, such as temperature, humidity and soil

moisture and type. Termites in general have -

extended their natural range to approximately
1he 50 degree Fahrenheit (10 degrees Celsius)
annual mean isotherm north and south of the
equator. Because of man-provided heat in
© structures, they may well extend their range to
snore northern areas. The situation in Wiscon-
sin is probably typical of most areas where
termites extended their range into colder cli-
qmates. Esenther (1969) has pointed out that
only*man-oriented” colonies have been found
3in Wisconsin, where the northern limit of the
eastern subterranean termite coincides withan

annual minimum isotherm of -22"degrees -

Fahrenheit (-30 degrees Celsius). They cease
1heir activity above the soil at approximately
32 degrees Fahrenheit (0 degrees Celsius) and
move downward 3 to 4 feet (1-1.5m) in the soil
10 escape adverse weather conditions.

“The most adverse effect of winter appears to
be the confinement of the termites below the
<oil zone where adequate food supplies are
found, which is near the surface. Their survival
3n cold climates depends on their ability to
ebuild populations during the warm season
{Esenther, 1969). -

For convenience in describing prevention

FIGURE 1-2: Subterranean termites are found in
the areas below line A-A; drywood termites are
found in the areas below line B-B.

and control procedures,.the destructive ter-
mites of this country and its territories have
been grouped as the following types: damp-
wood, drywood, subterranean and tree-nest-
ing. The characteristics of these types will be
detailed later. Dampwood termites occur as
pests in structures on the Pacific Coast, the
desert Southwest and in southern Florida only.
They are of relatively minor importance.

The distribution of drywood and subterra-

- peantermitesinthe contiguous states is shown

on the map in Fig. 1-2. Except in southern

California and southern Florida, subterranean

termites are the most common and destructive
type where both types occur. Hawalii, the Pa-
cific territories, Puerto Rico and the U.S. Vir-

gin Islands also have both drywood and
subterranean termites as problems. In Hawaii -
andAhe Pacific territories, subterranean ter-

mites are the most destructive type, with the
exception of Midway Islands, where the dry-
wood termites are equally important (letter

_ dated 10 June 1976 from Thomas H. Lauret,

Entomologist, Department of the Nz‘wy, Ija-
cific Division, Naval Facilities Engineenng

. Command, Makalapa, Hawaii). The subterra-

nean termitesare arelatively minor problemin
Puerto Rico, but there is also occasional dam-
age from tree-nesting termites (letter dated 18
May 1975 from Luis F. Martorell, Professor
Emeritus, Department of Entomology, Uni-

versity of Puerto Rico, Rio Piedras, Puerto
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Rico). Drywood termites are the major prob-
lem there. In the U.S. Virgin Islands, subterra-
nean termites are slightly more important as
pests than are drywoods. The Virgin Islands
also have tree-pesting termites as very minor
pests.

BIOLOGY AND HABITS
OF TERMITES

E CASTE SYSTEM

As mentioned earlier, termites exist in distinct
forms called castes. There are three basic types
of individuals: reproductives, soldiers and
workers. .

There are several kinds of reproductives.
The most highly developed type is the primary

reproductives, which are sometimesreferredto.
as swarmers. They are typical insects, light tan ~

10 black in color, with four equal-sized wings,
three pairs of legs, one pair of antennae, a pair
of large eyes on the head, etc. (See Figs. 0-1 and
"1-3A). '
There are secondary (supplementary) re-
productives (Fig. 1-3B) that are only slightly

FIGURE 1-3: Primary (A) and supplementa
(B&C) reproductives, soldiers (D), and wortl'tyer
(E) termites.”
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pigmented and have short wing buds. There is
a third, rare type referred to as tertiary re-
productives (Fig. 1-3C) which occur in some
species. They are unpigmented and completely
wingless. The primary reproductives (swar-
mers) are sexually mature males and females
(kings and queens) that have the function of
producing offspring to allow for growth and
maintenance of a young colony population.
The secondary reproductives are produced if
the primary reproductives die, are cut off from
a portion of the colony, or if the colony greatly
increases in size. The secondary queens may
produce even more eggs than the primary
queens and thus cause a rapid population
growth. The tertiary reproductives are also re-
placement forms and function to aid in main-

. taining colony strength.

The soldiers are sterile (sexually immature)
adult males and females. Most have enlarged
heads, aré only slightly pigmented. except for
the head, and have no wings. Most have very.
large jaws or mandibles (Fig. 1-3D). In some
species there is another type of soldier called

" nasutes (Fig. 1-21), which ‘have pear-shaped

heads. Nasutes.eject a sticky substance from
the long tube located on the front of the head.
The soldiers function to defend the colony
from natural enemies, primarily ants. They
block openings in the nest or workings of the
colony with their heads. Those with large man-
dibles use them to destroy attackers. Those
called nasutes entangle the foe with the sticky
fluid which they exude. .

Workers are sterile adults which are wing-
less and unpigmented (Fig. 1-3E). They make
up the largest proportion of the colony’s adult
population. A true worker caste does not exist
in most of the termite species of concern in this
manual. Where there is no worker caste, the
worker’s function is taken over by nymphs or
by pscuder’gates (false workers.) The pseuder-
gates are size stable individuals functioning as
workers but still capable of molting and be-
coming soldiers or reproductives. In most
colonies, nymphs past the first two stages of
growth function as workers. Workers, whether
a true adult caste; pseudergates, or nymphs of

o
. - by
—— ———g



soldiers and reproductives, have the responsi-
bility for providing food for themselves, the
reproductives, soldiers and very youns
nymphs. They also enlarge the workings (nest)
of the colony and groom (clean) each otherand
the soldiers, reproductives, young nymphsand
eggs. When the colony is under attack, they
assist the soldiers in its defense.

All termites in 2 colony are similar genet-
jcally. Any one of them, at the time of egg-
hatching, is capable of becoming a member of
any caste in the colony. The mechanisms
which regulate the direction of development
for each individual are quite complicated and
~ beyond the scope of this book. The interested
eader is directed to the extensive coverage of
casté formation by Dr. E. Morton Miller (1969)
. .2nd Dr. Ch. Noirot.(1969)- . .

COLONY BE VELOPMENT
M SVARNMING
A mature colony of termites will produce large
- pumbers of winged kings and queens (swar-
mers oralates) each year. The possible number
which can be produced will vary with the spe-
cies and with the age and condition of the
colony. When environmental conditions are
properand the winged forms are at the correct
stage of development, the workers make open-
ings 10 the outside, and the winged reproduc-
tives leave rapidly. They are then referred toas
swarmers, and the vicinity around the emer-
_gence point may be filled with them-for brief
periods. Inagiven location, thousands of swar-
mers may emerge from numerous colonies si-
multaneously. This allows intermixing bf
sndividuals from many populations. “The trig-"
geringmechanisms for swarming are so precise
1that different species of termites occurring in”
fhre same area tend to have their own seasons
during the year when they swarm. There is
some overlap of swarming seasons among spe-
cies. The more specific details concerning the
swarming seasons will be presented with the
. discussions of the different types of termites.

These swarms or flights occur for the pur-

- pose of dispersing the species overalarger area

and thus insuring its survival. Among some

bees and ants, which also swarm, the flights

involve mating as well, but this is not the case
with termites.

Termites are relatively weak fliers. They
flutter close to the ground in most cases, and
the direction and distance of the flights are
strongly influenced by wind. Those that fly at
dusk or at night are attracted to lights. The
wings of most termites break off very easily,
and swarmers often tumble to the ground after
only a very short flight. Large numbers of cast-
off wings commonlyare found in the vicinity of
a termite swarming site. Air currents can lift
termites to high altitudes, and they sometimes
are carried aloft to the tops of tall buildings.

- This period when termites are leaving the
nests, flying and seeking a mate and 2 new
nesting site is extremely dangerous for them.
They are preyed upon heavily by many kinds of

birds, lizards and other animals as well as by..

3

spiders and their insect enemies, particularly
ants. They are subject to dryingoutand to heat
and cold. Many are trapped on the surface of

water. A very small percentage. survive long

enough to start new colonies.

® INITIATION OF NE\il COLONIES

After the flight, beitlong or short, the wingsare
shed, breaking offata line of weakness near the
base. The individuals are then potential kings
an"g queens of new colonies. In many cases, the
fethale assumes a * ling™ position with her
abdomen elevated ataright angle to therest of
the body. She releases from the underside of
her abdomen 2 chemical messenger substance
(pheromone) which attracts .nearby males.

Once a male encounters 2 calling female, she.

moves off. He follows close behind. The pair

search for a suitable site for the establishment

of a nest. :
Wood-dwelling species (drywood and some

dampwood types) enter wood directly, usually

taking advantage of natural: openings sU
bark crevices, Imotholes, nail holes, joints, ct¢
Earth.dwelling species and those that nest in

-
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soil and wood, the subterranean and the tree-
nesting species, usually enter the soil under or
near a piece of wood on the surface of the soil.
However, pairs encountering suitable open-
ings in any surface, such as wood, may be rea-
sonably expected to penetrate the available
surface. Their ultimate survival will then de-
pend primarily upon the subsequent condi-
tions of moisture and temperature extremes
(Weesner, 1965). As soon as the pair have lo-
cated a suitable site, they excavate with their
jaws(mandibles) a small chamberlarge enough
for the two of them and seal the entrance. Mat-
ing usually occurs within a few hours 1o weeks
after the pair becomes established.

The single female cannot start a new colony.
Establishment of a colony is dependent upon
the survival of both sexes until they have be-
come established in the nest site and have
mated. The pair continue 1o live together for
life, and they usually mate periodically. If one
of the pairislost, it is replaced bya supplemen-
1ary reproductive,

~. The first eggs are laid within a week to sev-
eral weeks after mating, depending on the nu-
trition available to the female. When the first
eggshatch, the new nymphs are cared for bythe
young pair. After two molts, the nymphs as-

.. sume their role as workers-and begin to feed

and care for the original pair.
M ISLOCNY genowTs

Thedevelopment of the colony is very slow for
several years. Eggs are not deposited continu-
ously. Afier the first group ofeggs has been laid,

FIGURE 1-4, Primary and replacement queens
enlarged from egg development.
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there is a period of several months before ap.
other group is laid. This process continues for
several years. As the young queen matures, she
laysagreater number of; eggs, and her abdomen
becomes enlarged from developing eggs (see
Fig. 1-4). Eventually, a point is reached where
the colony size stabilizes. That is, the queen has
reached maximum egg production, and the
loss of older individuajs by death, or by swarm.
ing, or both, is approximately the same as the
number of new individuals produced each
year. As the colony becomes even older, there
is a tendency for a greater proportion of swar-
mers to be produced each year.

The maximum population size reached bya
termite colony will depend on several factors,
Some species, particularly the drywood type,
tend to have relatively small colonies, perhaps
several thousand at most. Other types may
reach populations of several hundred thou.
sand. Among the dampwood and subterranean
termites, if the primary reproductives are lost,
they are replaced by a number of supplemen- -
tary reproductives which have a high produc-
tivity of offspring. This results jn extremely
large populations.

B COLONY SPLITTING

Thereare times, particularly among the subter-
rancan termites, when groups of nymphs

become relatively isolated from the main body
of the colony because of the extent of the work-
ings or because of some disturbance of the site.

Sometimés they become isolated as a-result of
man's activities. When this happens, “sub-

colonies™ may develop and exist indepen-
dently or coalesce with the main body. This can

happen because, among groups of nymphs

(sometimes relatively small groups), there is

the potential for certain individuals to develop

into either soldiers or reproductives and thus

create all of the castes of a normal colony.

NMEMERGENCE OF SWARMERS
FROM A NEW COLONY

There is no clear indication as to how long it
takes for most colonies to develop enough to
start producing winged forms. Relatively small



. colonies of drywood termites produce swar-
mers, but subterraneans seem 1o require a
much larger population for this to happen. Un-
Jess there is adequate food and conditions in
1he colony are favorable for its survival, no
swarmers are produced. The older reproduc-
tive nymphs produced are consumed by the
younger nymphs when colony conditions are
not favorable. In most cases it requires a mini-
mum of 3 to 4 years and as much as 8 to 10
years—fora colony of our native subterranean
1ermites to become large enough and strong
enough to start dispersal flights. When swarm-
ing occurs in a relatively new structure, it is
becaunse it was built over or near a strong
colony that was not severely damaged during
the construction process. Other species may
not take 50 long, and some of the exceptions
will be mentioned later. :

SOMMUNICATION
IN THE COLONY

. Asmight be expected in any social group, there

is a need for termites to communicate with
other individuals in their society. The most
‘basic means of communication is through
odor—chemical (pheromone) communica-
tion. Infact, each colony developsits own char-
acteristicodor, and any intruder, beita termite
from another colony or a natural enemy, is

‘instantly recognized as foreign when it enters

the colony.

Termites respond to many kinds of stimuli -,
which might affect the colony. One of the

things that elicits immediate reaction is an air
.current, usually caused by a break in the sur-
face of the termite workings. The source of the
-air current is actively sought and, when the
‘source is determined, an alarm is given in the
form-ofanodor (pheromone) trail laid down by
the individual (usually 2 worker) which dis-
:covers the stimulus and moves away from it.
“This pheromone trail, in combination with tac-
tile (touch)communication with otherindivid-
nals encountered by bumping into them,

serves 1o recruit additional colony members to

- the source of alarm. The recruited individuals

add to the trail, thus intensifying the alarm.
The trail is eventually followed back to the
source, and defense reactions occur. If intrud-
ers have entered the opening in the workings,
the termites (both soldiers and workers) will
attack by lunging forward and snapping with

their. mandibles. If they injure an intruder so '

thatitcan no longer move, the workers begin to
deposit fecal matter to cover it or wall it off
from the colony. Likewise, a hole to the exte-
rior of the workings is immediately patched by
this building reaction.

When a foraging termite worker finds a
source. of food, it recruits others to the source
by the same frail-laying indicated above. The
more foragers that find the food and retumn
with it, the moreintense the pheromone trail. If

the source of food is depleted, the trail deterio- -

rates in time and is abandoned.
Termite soldiers and workers of many spe-

cies may be observed banging their heads -

rapidly on the surface of the workings when the
colony is disturbed. The sound produced is
sometimes audible to humans. The vibration
of the surrounding surface is perceived by oth-
ers in the colony, and they take up the banging
reaction. This communication is through
vibration of surfaces, not by airborne sound.
Termites apparently cannot perceive sound
waves transmitted in the air.

The antennae also are involved in commu-
nicatjon. Their exact role is uncertain, but
ther&must be physical contact through the an-

tennae for some types of communication to-

occur. This antennal contact is involved in
food exchange and grooming, which will be
discussed later. :

. ENVIRONMENTAL

REQUIREMENTS OF
TERMITES

X FOOD

Al living organisms require nutrition. For the |
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termites of concern here, nutrition usually is
derived from wood and other cellulosic materi-
als. In nature, they feed exclusively on wood,
primarily digesting out the cellulose and pass-
ing most of the remaining components as
waste. In man-invaded environments, ter-
mites attack many additional products and
commodities. They still depend primarily on
cellulose for their nutrition, but will damage
many materials which they encounter but can-
not digest. Damaged materials may include
plastics, rubber, asphalt, metal, mortar and
many others. Primarily, this damage occurs
when the indigestible items are encountered
during the foraging for food.

The more cellulose in a plant or plant prod-
uct, the more attractive it is to termites. How-
ever, there are some tree species which produce
heartwood that is repelient or even toxic to
termites. These heartwoods usually will not be
- attacked untilthe repellents and/or toxins have
" beén léached out by weathering. .

Wood products like paper are favorite foods
of termites because they are nearly pure cel-
lulose, the other wood constituents having
been removed in the manufacturing process.
Also, cotton, burlap and other plant fibers are
actively consumed by termites.

Strange as it may seem, the termites cannot

themselves digest the cellulose which they con-
sume. They are dependent upon large numbers
of one-celled animals called protozoans that
live in the termite’s gut. These protozoans en-
gulfthe wood particles as they pass through the
intestine and break down the cellulose into
simpler compounds that the fermites can ab-

sorb as food. This relationship is beneficial to

both species, since the protozoans cause no
harm and are provided with food and a pro-
tected environment by the termites,

The worker termites that consume the wood
share their nourishment with other members
of the colony. The Vvery young nymphs, the
soldiers and the reproductives also exchange
foo.d. particularly during grooming. This food
is given up by the workers instinctivelyand not
through charity, Dead or dying members of the
colony also are consumed. At times, when sol-
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 diers, reproductive nymphs, and alates are tgq

numerous for the good of the colony, they are
killed and consumed by the workers,

Termites have the habit of. grooming (clean-
ing) each other with their mouth parts, In the
process of cleaning the surface of anotherindi-
vidual's body, the worker picks up various se-
cretions, fungus spores, wood particles and
other attractive substances, Sometimes, if the
grooming process is too vigorous, the thin in-
tegument (skin) of the individual being
groomed is penetrated. The penetration trig-
gers an immediate attack, and the unfortunate
individual is consumed by the workers,

The exchange of food from the anus and the
occasional consumption of other individuals
in the colony is the means by which the cel-
lulose-digesting protozoans are transferred
from the older to the Younger members of the
colony. e

Fungi also play a role in termite nutritiofn.
Certain wood decay fungi are highly attractive
to termites. Others are repellent or even toxic,
In those cases where an attractive fungus has
partially decayed wood, the wood is more
easily digested by termites, and the fungus it-
selfis said by some to provide a needed source

_ of nitrogen in the termite. diet. -Ultimately,.

wood-destroying fungi exhaust the nutritive
value of wood for termites, and extensive de-
cay in wood is of no benefit to foraging ter-
mites. Conversely, when termites attack wood,
they usually bring fungus spores on their

, bodies. When liquid water reachés the dam-
. aged wood, it is more casily trapped in the
~ termite workings and evaporates more slowly

thdn in simple surface wetting. This causes the
fungal spores to germinate and fungus growth
to continue for longer periods than it otherwise
would. -

N MOISTURE

Moisture. in specific amounts is vital to the
survival of termites. In most instances, dry-
wood termites can obtain enough water from
the wood upon which they feed and from the
very efficient use of water formed internally by
the digestive process. They extract so much

S
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to replenish the water lost from thei.r bodies in
the relatively dry air of their workings apove
ground. There are instances where there.is an
above-ground source of moisture ﬁ:om a
plumbing or rain leak or from condensauop on
pipes, etc. This allows the termites to remain in
the wood without ground contact.

Contrary to some published reports, the
shelter tubes do not necessarily conduct moist
air from the soil to the wood. Ebeling (1968)
states that a humidity sensor, inserted into ter-
mite galleries in joists only 18 inches (45 cm)
above ground and directly connected to the
ground by shelter tubes, indicated a humidity
that was identical with that of the air around
the joists. The shelter tubes do provide some
protection from air movement and, no doubt,
do prevent some loss of moisture. The primary
function of shelter tubes is probably protection
of the termites from natural enemies. It is im-
portantto note here that in areas of low himid-
ity there is a reduction in the construction of
shelter tubes by subterranean termites, except
in'the case of desert species.

The tubes are constructed by worker termites
from particles of soil or wood and bits of debris
held together with fecal material just as mortaris
used to hold together stones in a wall. The den-
sity of the shelter tube walls will vary with the
ultimate use of the tube. When tubes are first
constructed over impervious surfaces, they have
walls that are so thin and loosely constructed as
10 be like a coarse filigree. If tubes are explora-
tory, they have branches and forks and usually
rise only short distances on the surface. When a
tube makes contact with wood above ground, it
may become a working tube and is.usually rein-
forced and the walls substantially thickened.
Should large numbers of workers begin to feed in
the wood, there may be numbers of tunnels con-
structed one on another to provide many routes
for quick movement. .

Once termites have established contact
above ground and feeding progresses some dis-
1ance from the initial shelter tunnel, they often
will drop shelter tubes down from the wood
toward the ground without support if they are
in a protected area such as the crawl space
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undera house. Portions of these tubes break off
numbers of times during construction before
they are completed. A small pile of broken
pieces usually will be found directly below a
suspended tube. Those termites in the pieces
which drop sometimes begin to build a tube up
from the ground to meet the portion beingbuilt
down from above. The upper portion of a tube
is often lighter than the lower portion because
it is constructed primarily of wood particles
instead of soil. .

Under certain conditions a fourth type of tube
is constructed by subterranean termites. They
are called swarming tubes, or swarming “castles™
by some, because they are constructed as flight
platforms for swarmers and they have many tur-
ret-like projections and flattened horizontal

branches that vaguely resemble castle ‘towers. -

They usually are constructed on the ground to a -

height 4 to 8 inches (10-20 cm), but sometimes -

 -are found projecting from edvily infested wood

above ground. When swarmers are leaving the
colony via these tubes or directly through a hole
in wood or soil, the openings are heavily guarded
by soldiers and workers.

SUBTERRANEAN
TERMITES

W MODE OF LIFE

g£The termites which usually have their work-
‘ings associated to some degree with soil are
referred to as subterranean termites. We have
already discussed some of the habits and envi-
ronmental réquirements of this type. We need
now to expand the discussion to include cer-
tain other characteristics that are distinctive
about them and which will enable one to prop-
erly separate them from other types and make
good decisions concerning their prevention
and control.

N DISTRIBUTION .
As mentioned previously, subterranean ter-
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mitesare by far the most important insect pests

of wood in buildings throughout the world. .

This is true for the United States and for most
U.S. territories. Figure 1-6 shows the areas
where subterranean termites are found and the
relative hazard of infestation in the contiguous
states. The high hazard designation would ap-
ply 1o the U.S. Virgin Islands, Puerto Rico,
Hawaii, and the Pacific territories as well.

B GENERAL CHARACTERISTICS

Most of the subterranean termites of economic
significance in the contiguous states belong to
the same genus (Reticulitermes) and are thus
quite similar in appearance. The ones which
occur in the U.S. Virgin Islands, Puerto Rico
- and in the southwestern desert areas of Califor-
niaand Arizona (genus Heterotermes) are sim-

- . ilar.enough to the. Reticulitermes species that

they may be recognized by the general descrip-
tions of the insects, habits and damage which
follow. Figures 1-3A, 1-3D and 1-3E have
. shown the characteristics of this group. The
soldiers of all of the species are so similaras not
10 appear 1o be different unless examined by a
specialist. The primary reproductives (swar-
mers or alates) vary in body color from coal

black to pale yellow-brown. The wing colorsdo’

vary with species from nearly transparent pale
gray to brownish or smoky gray when viewed
against a white background. The wings have
very few distinct veins in them except at the
leading edge (Fig. 1-7A). There usually are two
distinct longitudinal veins. ..

“This characteristic will help separate subter-
ranean swarmers from those of other types.

“Theoverall length of the swarmers varies from

35 to J2.inch (8-12 mm). The swarming season
for most of the country is in the spring and
early summer. In the desert Southwest and

southern C?Iifomia, the swarms occur more °
cq'mmonly in the summer shortly after the first -
rains. Most of our native subterranean termite’

species swarm during daylight. The desert spe-
cies swarm at night. Itisnot generally helpful to
try 10 distinguish subterranean termites from
other types on the basis of the time of year
when they swarm. There is too much overlap
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between families and species for this tobe valid
in most areas.

M A SPECIAL CASE

In Hawaii and the other Pacificislands particu-"

larly, and in a limited part of the contiguous
states, there is another very distinct species
that deserves particular attention. This is the
Formosan subterranean termite. It has been
spread’ from -the Far East through shipboard
infestations to all of the Pacific islands of con-
cern in this manual and is the most destructive

~ species of termite in Hawaii and Guam. It is

"~ also currently found in Alabama, Florida, Lou-
isiana, Mississippi, North Carolina, South Car-
olin;'; Tennessee, and Texas. The speciés has

FIGURE 1-7. A. Reticulitermes wing.
B. Coptotermes wing.
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been reported in California. Beal (1967) be-
Jieves that this species will eventually have the
same distribution in latitude in the U.S. as it
has in other areas of the world. This would not
apply to arid regions. Particular watchfulness
for this termite should be exerted along all
Sonthern Coasts, the lower East and West
Coasts, in the lower Mississippi Valley and in
the Caribbean.

The Formosan subterranean termite is a
much greater threat to structures than our
native species. It is more vigorous and ag-
pressive, as indicated by more rapid popula-
tion development; more extensive tube and
tunnel building; the rapidity with which new
food sources are located and attacked; and the
greater variety of materials attacked. Accord-

ing to laboratory tests by Su (1990), the’

Formosan species has a greater tolerance to the
soil insecticides currently used to control sub-
terranean termites than does one of our com-
‘mon native species. '

The most obvious characteristics to dis-
tinguish Formosan subterranean termite swar-
mers from those of native species is by the
larger size'[up to % inch (15 mm) long] 2nd the
hairy wings (Fig. 1-7B). The Formosans also
swarm between dusk and midnight rather than
during midday. They are yellow-brown in
color. '

FIGURE 1-8. A. Head of native subterranean
soldier. B. A Formosan subterranean soldier,

An VINAR NECTDAVALR MCENTS

As shown in Fig. 1-8, the soldiers have oval-
shaped heads with a conspicuously enlarged
opening on the top as compared with the
oblong and rectangular heads of the native sol-
diers. The Formosan soldiers also exude a
whitish, sticky substance from the opening on
the top of the head, a habit not shared by the
native species. Also, soldiers are much more
numerous in this species.

Formosans make nests of a rather hard ma-
terial called carton, which resembles sponge. It
is composed of chewed wood, soil, saliva and
fecal material. The nests often are underground
but sometimes fill cavities under fixtures or in
walls of structures. The so-called pests of our
native species are not so distinct, nor are they
composed of material as durable as the carton.

B SOURCES OF INFESTATION
When houses are built on 1and cleared of trees

_and brush, they are built in the midst of subter-

ranean termite colonies in those geographic
areas where the termites occur. With the con-
stant search for food by the termite workers
through underground tunnels, any cellulose
source encountered will be attacked. On
cleared land, the search may be desperate and
the foraging constant.

The termites enter buildings through wood
in direct contact with the soil, by building shel-

* ter tubes over or through foundation walls,
: l,‘giers, chimneys, etc., and by finding cracks or

‘joints in concrete slab floors and building shel-

ter tubes through them into wood above the
crevices (Fig. 1-9). Any object making contact
between the soil and the wood—trees, vines,
weeds, plumbing, etc.— will serve asa support
for shelter tubes. .

Itis also possible for termite swarmers to fly
or be blown to a building site and then finda
suitable spot to begin a colony. ‘This, of course,
would not usually create a damage problem for
several years.

There is very little likelihood that subterra-
nean termites will be incorporated into a struc-
ture through infested building materials. ’l:hxs
may not be the case with other types, particu-

* lafly drywood termites. When the infested



wood is removed from contact with the
moisture source thatallowed the initialinfesta-
tion to occur, the subterranean termites are not
likely to survive long enough to re-establish
soil contact after being placed in the structure.

M SIGNS OF INFESTATION

The usual first sign of subterranean termite
presence in a house, sO far as the occupants are
concerned, is the appearance of the swarmers.
If the occupants are not present when the
swarm occurs, they may find only large num-
bers of discarded termite wings, usually on a-

window sill. In the case of Formosan subterra- -

nean termites and our native southwestern
species, the swarming occurs in the evening,
and they are attracted to lights, thus increasing
the likelihood of discovery. .

“The building inspector would: only by pure

chance encounter.Swarmers outside the ter-

mite'workings. His most likely evidence would
be the shelter tubes constructed by the termites
over foundation walls, in crevices. between
structural members, on infested wood, etc. .

Wood that is visibly damaged also mightbe

encountered. Externally, except for the pres-
ence of shelter tubes or soil in cracks and cre-
. vices, the only evidence might be dark areas or
blisterlike areas on flooring, trim or framing
members. These areas are easily crushed witha
knife or screwdriver. In cases of extreme dam-
age, there might be evidence that a board has
partially collapsed at bearing points or has
cracked and sagged between points of support.
Internal damage ini wood can sometimes be
detected by probing the surface with a sharp
instrument or by pounding the surface with a
hard object suchasahammeror the handle of a
screwdriver to detect sound differences that
indicate hollow spaces. ‘

® CHARACTERISTICS
OF DAMAGED WOOD

‘When flarfnaged wood is broken open, the char-
acteristics are such that activity of
subterranean termites can be diagnosed, even
if they are not currently present.

The damage occurs first in the soft spring

. Floor Framing
Direct Accass Infosted By
From Porch Fil Termites ’

Concrete Y] Termite Tubes Over

Entrance XV ¥ 4 Surface and Through

Slab N ) 3 Voids in Foundation Wall
N

Wood Debris

InDinFil

FIGURE 1-9, Cross-section of house showing
points of termite enitry.- - - © 7 Ve

growth (early wood) of infested members (Fig.
1-10). They tend to feed in structural wood until
only the harder grain and a thin outer shell
remain. In more completely damaged areas
there may be spongelike masses of pale colored
carton in the larger galleries. There may be
considerable quantities of soil mixed with
chewed wood in some cavities. The amount of
carton produced by Formosan subterranean
termites is much greater than that in other,
native species. Formosans also commonly
place carton outside of the damaged wood in
all cavities, etc. .
The most generally distinctive characteris-
tic of subterranean termite-damaged wood is
the appearance of the gallery walls and the
inner surface of the shelter tubes, whichhavea

_ pale, spotted appearance Jike dried oatmeal.

This appearance is produced by the plastering
of soft fecal material on surfaces. There are no
fecal pellets in the galleries of subterrancan
termites.’

An obvious sign of infestation is the pres-
ence of live termites when shelter; tubes or
damaged wood are broken open. At certain
times of the year, swarmers may be found in
galleries. Most of the time, however, only sol-
diers, nymphs (workers) and pseudergates are

* seen when probing occurs. On rare 0ccasions,
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FIGURE 1-10. Cross-section of wood damaged by subterranean termites.

the functioning reproductives will be found in
infested wood. The areas where they are active
may bave slightly larger galleries than other
areas; otherwise there is no distinctive *‘nest.”

This is true in both soil and wood. To find
" primary reproductives in wood is extremely
rare; replacement reproductives are more com-
monly found. ’

" MPOTENTIAL FOR DESTRUCTION

The amount of damage that an infestation of
subterranean termites might inflict on a struc-
ture depends on many factors. The number
and size of the attacking colonies and the qual-
ity of the environmental conditions (including

. . the wood) for the species involved are the most.

" important considerations. These two factors
are so interdependent that it is difficult to sepa-
rate them. One of our native subterranean ter-
mites has an average colony size of 240,000
(Howard et al. 1982), while the Formosan sub-
terranean termite colony will contain well over
amillion to several million individuals (Suand
Scheffrahn 1988). ) .
Some termite species, particularly the
Formosan subterranean termite, are more ag-
gressive as well as having large colonies, and
will, given an equal amount of time, do more
damage than other species. All other things
being equal, if there is a good supply of soil
moisture; if the humidity in the crawl space
and subslab areas is high; and if the wood is in
reasonably close proximity to the soil, subter-
ranean termites may in time extend the dam-
age 10 wood in a structure. Damage usually
starts with the mudsill in houses built over a

-
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crawl space and with. the sole plates of houses
built on concrete slabs. Given enough time,
subterraneans will extend the damage into the
wooden floor members, the interior trim and
furnishings, and into the walls to the roof tim-
bers.

Except with Formosans, heavy damage by
subterranean termites is not likely to occur
within the first 8 or.10 years of a house’s life. If
treatment is undertaken when the first evi-
dence of infestation occurs, very little serious
structural damage is ever likely to occur.
Houses should be carefully inspected at least
once a year in all regions where subterranean
termites occur. This will allow detection before
damageisaproblem. . . . . . L

Should évidence of termites be found, there
is no cause for extreme alarm or undue haste. If
Formosan subterranean termites are involved,
control within a few months is recommended.
Ifthe problem is with native species, treatment

ithin 6 months is recommended. The map in
;%ure‘ 1-6, which shows the intensity of subter-
ranean termite infestation, is a good gauge for
determining the potential for damage in gen-
eral. Long seasons of warm weather and plen-
tiful supplies of water make conditions ideal
for subterranean termite attack in the densely
stippled areas. The same applies to all tropical
areas outside the contiguous states.

DRYWOOD TERMITES

M MODE OF LIFE
Drywood termites live entirely in wood thatis

-
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moderately to extremely dry. They require no
contact with the soil or with any other source of
moisture.

M SOURCES OF INFESTATION
IN BUILDINGS

“There are many ways in which drywood ter-
mites can start infestations in houses. The
several species native to the Pacific Coast and
the Southeast ofien live in dead limbs of trees,
in utility poles, fence posts or firewood and fly
as swarmers to nearby structures. They also
can invade new houses from older buildings in
nearby areas. In southern California and Ari-

zona, southern Florida, the Pacificareaand the

Canbbean area, it is not uncommon for new
houses 1o be infested by drywood termites
within the first 5 years of their existence.

Ebeling (1975) says that, in southern Califor-
nia, homes in new residential tracts tend to-
‘become infested by drywood termites sooner
and in greater numbers than by subterranean
termites. In the Caribbean area, one species
native to the West Indies may invade houses
from outdoor infestations, but usually must
zely on being transported to the site by man
. when infestation occurs in other areas, since .
their dispersal {lights (swarms) rarely extend
more than 100 yards.

Swarmers generally enter houses through at-
1ic vents or shingle roofs, but, particularly in
hot, dry locations where there are crawl spaces,
they often are found in the substructure where
they have entered via foundation. yents (Fig.
1-11). They also can enter exposed wood on the
exterior or interior by finding cracks and cre-
~vices in or between boards or trim, particularly
window sills and frames. They wedge them-
selves into the narrow space to get a purchase
{mechanicalaid) on the wood so they can more
easily begin tunneling. ‘

Drywood termite colonies usually consist of °
a few 10 ten thousand individuals at most, so
they can occupy relatively small wooden arti-
cles. They readily establish colonies in fur-
niture, dimension lumber, sash-and-door
items, wood pulp or fiber insulation boards,
plywood, paper, cloth and other products con-

taining cellulose. They are easily introduced
into buildings with such infested articles.

M DISTRIBUTION

There are several native house-inhabiting spe-
cies which occur in the contiguous states. One
important species, the western drywood ter-
mite, is found in the West, particularly in the
coastal counties from scattered Washington lo-
calities to southern California. The greatest
concentration occurs in the southwestern
coastal counties of California. This species ex-
tends into eastern and southern Utah. There is
a species that occurs in'the southeastern states,

FIGURE 1-11. Drywood termite Infestation in
house attic and substructure. -
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particularly in southern Florida.

Minor economic populations are found in
coastal areas from South Carolina to Texas.
The really significant problems with these ter-
mites, other than those found in southern Cal-
ifornia and Arizona, exist primarily along the
Gulf Coast, in Florida within 50 miles of the
coast, and in the entire southern half of that
state. Figure 1-2 shows the areas where dry-
wood termites occur. Those infestations found
along the Virginia and North Carolina coasts
are very rarely of any economic significance.

There is one species, native to the West In-’
dies, that is so widespread and so economically
important that it requires special considera-
tion. It has been called by several common
names, such as powderpost termite, West In-
dian drywood termite, furniture termite etc.
For the sake of convenience, this manpal refers
1o this species as the powderpost termite. It has
been introduced into tropical and semi-trop-
ical areas around the world. The powderpost
termite is the most important species of dry-
wood termite in Puerto Rico, the U.S. Virgin
Islands, the Pacific territories and in Hawaii. It
has become well established in Florida and
Louisiana on the mainland.

1t is found in'natural, outdoor infestations
only in the Caribbean area. In addition, it, as
well as the western species, has been trans-
ported in furniture and other wooden articles
10 many states scattered across the country. In
some cases the powderpost termite has sur-
vived, multiplied and invaded_the houses in
which the infested articles are located. All such
scattered infestations should be eradicated
when discovered, even though powderpost ter-
mites are not likely to become established out-

FIGURE 1-12. Drywood termite wing.

-
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side of the infested buildings.

All of thisis to say that drywood termites are
a constant source of damage to wood in houses
in some specific areas. They can be found in
small indoor infestations in almost any area of
the country where they have been transported
in infested articles.

N GENERAL CHARACTERISTICS

All of the drywood termites belong to the same
family (Kalotermitidae) and are quite similar
in appearance. They are slightly larger than
most subterranean termites and, in most cases,
the swarmers are lighter in color. The most
distinctive feature of the swarmers is the wing
veins. There are several distinct longitudinal

. veins with many cross-veins in the front edge

of the wing (Fig. 1-12). In this respect they
resemble the Pacific Coast dampwood ter-
mites, -but the drywood termites are much
smaller. ~ =
You will recall that the subterranean termite
‘wing basically has only two prominent longitu-
dinal veins at the front edge (Fig. 1-7A). The
wing colors vary from almost clear to rather
smoky black. The swarmers are in most casesa
light, yellow-brown color and swarm at night.
The West Céast species and one Southeastern
species are dark brown to black in color and
swarm during the day. The swarmers vary in
size from ‘2 t0 3sinch (9-15 mm)in total length.
The fall is the primary swarming season on
the West Coast. In the California and Arizona
“desert area, drywood termites swarm during

Athe summer. In the Caribbean area, drywood

swarmers appear primarily in the spring. In the
Southeast, there are different species that
swarm at any season except winter. In the Pa-
cific area, there are swarms in spring and early
summer and in late summer and early fall.
The soldiers of drywood termites (Fig.
1-13A) are generally typical of the large-headed,
large-jawed type found in the subterrancans.
The soldier of the powderpost termite is so
distinctive, however, thatit should be noted.. It
is the caste that most conspic;uously dis-
tinguishes this species from all others. The
head (Fig. 1-13B) is mostly black, almost as

-
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broad as long, is high, and is distinctly concave
and rough in front. The mandibles (jaws) are
not enlarged. The soldier in this species func-
tions only to physically block openings in gal-
leries and workings with its head.

M SIGNS OF INFESTATION

The first evidence of drywood termite infesta-
tions is usually piles of fecal pellets. They vary
in color from light gray to very dark brown,
depending on the wood being consumed. The
pellets are hard, elongate, less than Y%s inch (1
mm) in length, with rounded ends and six flat-
1ened or concavely depressed sides. There are
longitudinal ridges at the angles between the
six surfaces (Fig. 1-14). The shape results from

the pressure exerted on the fecal materialinthe
rectum of the termite, where the water is ex-
- tracted and conserved. -

I3

These pellets are eliminated from the galler-
ies in the wood through round “kick holes /¢ in
(1.6 mm) or less in diameter.” They tend to
accumulate on surfaces or in spider. webs lo-
cated below the kick holes. The more concen-
trated the pile, the closer the source of pelletsto

the pile. If the pellets fall several feet, theyare

spread out and form very indistinct piles.
Swarming of the reproductives also indi-
cates infestation. Discarded wings are more
likely 1o be discovered by a building inspector
than are the swarmers. Unless termites them-

Figure 1-13. A. Heads of western drywood
termite. B. Powderpost termite soldiers.

selves are seen emerging or are congregated in
one area, finding the wings might be mislead-
ing. This is because the swarmers, which
emerge at night, are attracted to lights and
could actually be from infestations outside the
structure. As with other termites, the wings fall
off very readily and tend to accumulate in the
vicinity of swarmers.

Other than the pellets, there is very little
external evidence of drywood termite attackin
wood. The kick holes are closed with a secre-
tion and pellets as soon as their use is com-
pleted. Probing with a sharp instrument or
pounding the surface’may reveal hidden dam-
age, because drywood termites tend to work
just under the surface of the wood, Jeaving a

- very thin veneer-like layer.
. @ DAMAGE CHARACTERISTICS

The interior of wood damaged by drywood
termites has broad pockets or chambers which
are connected by tunnels that cut across the

grain without regard for early wood and late -

wood (Fig. 1-15). The galleries are perfectly
smooth and have no surface deposits such. as
those found in subterranean termite workings.

- There usually are some fecal pellets stored in
“unused portions of the galleries. These areas

are often closed off by partitions made of fecal
pellets stuck together with a secretion.

M POTENTIAL FOR DESTRUCTION

Because the drywood termite’s individual colo-
nies are small, consisting of a few thousand
shdividuals at most, damage to buildings per
colony is less rapid and less severe than with
subterranean termites. However, in-building
swarming and reinfestation often causes pro-
liferation of colonies and can result in extensive
infestations over a period of time. Colonies

Figure 1-14. Drywood

- | termite pellets.

N
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FIGURE 1-15. Cross-section of wood damaged
by drywood termites. A. Point of entry.

established in one place may extend their gal-
leries into adjacent boards, books or furniture.
Adjacent colonies sometimes coalesce. Dry-
wood termites have been found to attack all
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FIGURE 1-16. Dampwood termite invasion
house. A. Point of entry. ofa
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types of wood used in buildings and furnish-
ings. Even so, it takes a very long time for
drywood termites to cause serious weakness in
structural timbers in houses. Damage to fur-
niture, trim, hardwood floors, etc., can become
significant in much less time.

DANMPWOOD TERMITES

HMODE OF LIFE AND SOURCES
OF INFESTATION IN BUILDINGS

The dampwoood termites form a distinct hab-
itat group. They locate their colonies in damp,
sometimes decaying wood. However, once
they are established, some species can extend
their activities into sound and even relatively
dry wood if they maintain contact with damp

wood. Representatives_of several families of . = |

termites fall into this group, so their type can-
not always be identified by the dppearance of
the insects themselves. .

Dampwood termites generally do not re-
quire contact with damp ground but do require
wood with a high moisture content. Beach
houses are particularly susceptible because of
the moist soil and high humidity. Infestation of
buildings generally requires wood-to-earth
contact, a condition contrary to modern con-
struction standards. The paired reproductives
usually enter the wood directly and establish
colonies. Once a colony is established, its
members can move rather long distances
through wood, but they do not generally forage
outside of wood (Fig. 1-16).

Although some species of dampwood ter-
mites have been transported long distances in-
side infested wood, it is not likely that thisisa
primary source of infestation in buildings. The -
infested wood would have to be incorporated
into the structure in such a way that it re-
mained in contact with a constant source of
moisture. What more often happens is that tl3e
swarmers, which may be quite numerous 1
areas where they occur, establish new infesta- -
tions in structures built in the proximity of
natural and structural colonies.

15
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m DISTRIBUTION

“The areas where dampwood termites occur
most commonly and are of geatest economic
importance are the Pacific Coast states and
northern Nevada, Idaho and Montana west of
the continental divide. They occur in the im-
mediate coastal areas and in the higher eleva-
tions with good amounts of rainfall. They are
particularly common in northern California
and in western Oregon and Washington.
There are other species which occur in the
~ semi-arid and desert regions of the Southwest
and in the extreme southern tip of Florida and
the Caribbean area.

M GEHERAL CHABACTERISTICS

Since there are several different families of ter-

mites. represented in this category, it will be

necessary to discuss each one separately. -
The species which occur along the Pacific

Coast west of the continental divide (family

Hodotermitidae) are very distinctive and will
not be confused with other types. They are the
largest termites found anywhere in this coun-
1ry. The nymphs can be recognized by their
size, even when no swarmers Of soldiers are
. present. The larger ones are %6 to ¥ inch’
(15-20mm) long. The swarmers are up 1o an
inch (25mm) in length including the wings.
_ The veinsare prominentalong the frontedge of
the wing. They also are more numerous than
similar veins in the wings of subterranean ter-
mites. Figure 1-17A illustrates the size and ven-

ation of a typical wing of members of this

family of termites. The swarmers vary in color
from yellowish brown to dark brown, depend-,
ingonthe species. They fly atdusk during most
months of the year, but tend to be most com-
mon inlate summerand early fall. The soldiers
are quite large, %s to %4 inch (15-20 mm) long,

and have very large, dark, rectanglar heads,

with large jaws (mandibles). i
“The dampwood termites of the dry south-
western areas are in the drywood termite fam-
ily (Kalotermitidae), but they require much
more moisture than other speciesin the family,
though less than subterranean species. They
are larger than most subterranean termite spe-

cies, the swarmers beirig 1 inch (12 mm) in

- length, including wings. Figure 1-17Bshowsthe

wing of a desert dampwood termite. The swar-
mers are dark brownin colorand are thoughtto
fly in the late afternoon during the summer
(Weesner, 1970). The reproductives penetrate
soilto enter moistwood underoron the surface
of the ground, and thereafter the colony re-
mains entirely in the soil. The workers do not
build shelter tubes from the soil to wood above
the ground, greatly restricting the amount of
structural damage they can inflict. The soldiers
are generally typical of the large-headed, large-
jawed types and would not be distinctive ex-
cept to a specialist.

Since the dampwood termites of southern

" Florida and the Caribbean are members of the

subterranean family Rhinotermitidae, they re-
semble the native subterranean species. They

are somewhat larger than most subterranéans

and have wings that are broader (Fig. 1-17C).
They swarm during the winter months. Also,
the soldiers have heads (Fig. 1-1 8) that are more

FIGURE 1-17. Wings of three families of
dampwood termites. A. Hodotermitidae (West
Coast). B. Kalotermitidae (Soumgvest). C.
Rhinotermitidae (Florida and Caribbean).
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FIGURE 1-18. Head
of Florida dampwood
termite soldier.

rounded than those of native subterraneans. In
fact, the soldiers could be confused with those
of the Formosan subterranean termite (Fig.
1-8B), according to Miller (1967), though they
lack the conspicuous enlarg d opening on the
1op of the head. - :

H SIGNS OF INFESTATION

The most obvious sign of infestation is, of
_ course, swarmers. These are not likely to be

encountered by building inspectors outside -

of infested wood, though the shed wings
could be found in spider webs, etc. There is
little external evidence of the presence of
dampwood termites in wood. The most ob-
vious places to look for evidence are places

where wood is in contact with the ground or

where there is obviously 2 plumbing or rain

leak that provides a constant supply of
moisture. Because of the close association of
this type of termite with decaying wood, itis

more reasonable to look for evidence of de-

cay first and for these termites secondarily.

Cracks and crevices in the infested wood

might be sealed with fecal pellets and soft

fecal materal, and, in drier wood, there might

be an accumulation of fecal pellets under the-
infested wood.

M DAMAGE CHARACTERISTICS AND
POTENTIAL FOR DESTRUCTION

The appearance of wood damaged by damp-
wood termites on the West Coast will vary
according to the amountof decay presentinthe
wood. If the wood is comparatively sound, the
tunnels or galleries will tend to follow the an-
nual rings, the soft, early wood being eaten first,
asis the case with the subterranean termites. If
the wood has a considerable amount of decay,
the galleries or tunnels will be much larger in
diameter and will pass through both early
wood and late wood. There is much variation
. in size and shape of galleries. Some are round
in cross-section, someé ar¢ oval, and some quite -
broad. The surfaces of the galleries have a vel-
vety appearance, and they sometimes are cov-
ered with dried fecal material. Figure 1-19A
shows typical feeding damage on 2 piece of
wood. . .

m-s

FIGURE 1-19. A. Wood damaged by dampwood termites. B. Dampwood termite peflets.
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Fecal peilets, about %s inch (1 mm) long and

eaten, may be found throughout the workings.
They are usually hard, elongate, rounded at
both ends, and slightly hexagonal in cross-sec-
tion from being compressed in the rectum be-
fore being voided (Fig. 1-19B). There are traces
of six longitudinal ridges, but they are not so
distinct as those of drywood termite pellets. If
the wood is extremely damp, the pellets are
often spherical or irregular and may stick to the
sides of the galleries. In drier conditions, the
pellets collect in the bottom of certain galleries,
or the termites may throw them outside. They
also use the pellets, stuck together with wet
fecal material, to wall off unused portions of
their workings and to seal cracks and crevices
in the wood being consumed.

The desert dampwood and Florida damp-

wood termite damage is similar to subterra-
nean damage, taking into account the high
moisture content and decay in the wood. The
desert dampwood termite produces distinctive
black pellets that are shaped like bonbons.
There is not as great an economic hazard
from the Pacific Coast dampwood termites as

from drywood and subterranean territes, but -

they can cause considerable damage in struc-
tures, particularly since they are associated
with fungal infection. If environmenial condi-
tions are proper, they can cause damage greater
than that from subterranean termites-in the
same areas, because they have more of 2 tend-
ency 1o work their way upward from the foun-
dation to the roof (Ebeling, 1975).

The dampwood termites of the desert
Southwest and southern Florida are very rarely
of any economic importance in structures.
Those of the Southwest only enter and attack
wood below ground and thus have few points
of entry in a reasonably constructed building.

They are found mostly in older, crawl space”

homes. The Florida species occurs only in the
coastal region of the southern tip of Floridaand
in some Caribbean islands. Since it only at-
tacks decaying wood, it is of little economic
concern. The decay would be of greater impor-
tance than the termites, '

" TREE-NESTING

colored according 16 the kind of wood being -

(ARBOREAL) TERMITES

M MODE OF LIFE

Tree-nesting termites are characterized by
their habit of building carton nests on trees.
They also build their nests on posts, in or on
buildings and, sometimes, on the ground.
These above-ground nests are connected to the
ground by broad shelter tubes on surfaces be-
low the nest. During dry weather, these ter-
mites are said to abandon the nests and return
to the soil. A single colony also may occupy
more than one nest. The nests are quite dis-
tinctive in their appearance, being dark brown,
globuldr in shape and covered with a fine, con-
tinuous outer shell which is thin and brittle.
How -arboreal colonies- are founded is not
known. Entire colonies have, however, been
observed moving overland en masse with the

primary reproductives in the middle of the .

process with large numbers of soldiers and
workers (Araujo, 1970).

M SOURCES OF INFESTATION
IN BUILDINGS -

The nests of these fermites are rarely found m
occupied buildings. This type of termite nest 1s
common on trees near houses in the U.S. Virgin

- {slands and Puerto Rico. The termites invade

buildings by extending their shelter tubes from
the soil through foundation crevices and over
surfaces to reach wood. In dark corners, storage
areat and roof voids, they have been known on
rare occasions to construct their carton nests
indoors (Fig. 1-20). They more commonly In-
vade abandoned buildings and rough wooden
shelters. As indicated previously, it isnot known
how the colonies are orginally established.

M DISTRIBUTION _

Arboreal termites exist in many places in the
tropics. So faras this manualis concex_'ned, they
are considered only in the U.S. Virgin I.slands
and Puerto Rico, where they sometimesinvade
buildings and cause some structural damage.

..
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FIGURE 1-20. Cartop neston wall.

Several species occur in the Pacific islands and

" build typical tree nests, but they have not been

reported to damage buildings. There has been
one report of damage to construction timber
while in storage.

'# GENERAL CHARACTERISTICS

All of the tree-nesting termites belong to the
most highly advanced family, Termitidae. The
damaging species all belong to the same genus,
so they may be described as a group.

FIGURE 1-21. Soldier of tree-nesting termite.
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The reproductives are a little larger than

*subterranean species and have wings that are

opaque instead of nearly transparent. Thereare
two prominent longitudinal veins at the front
of the wings, with no cross veins as in subjerra-
peans. The veins in the hind portion of the
wings, however, are pigmented and conspic-
uous instead of unpigmented as most subterra-
nean species. Their bodies are dark brown to
black in color, with wings to match. They
swarm during the day in the spring.

The soldiers are quite distinctive and will,
along with the unique type of nest, adequately
serve to identify this type of termite. Their
heads are rounded and drawn out in front into
a long snout with an opening at the end (Fig.
1-21). This type of soldier is called a nasute.
Nasutes eject an iritating and sticky fluid from
the snout as their means of defense of the

~ colony. They have very small mandibles.

W SIGNS OF IH_FESTATION AND
DAMAGE CHARACTERISTICS

"Most often, the signs of tree-nesting termite

¢

*tures, they are very

infestation will be very similar to those af- "~
forded by subterranean termites. Tree-nesting
termites build shelter tubes of wood debris and
fecal material which may be seen on surfaces
and in crevices. The wood itself may be dam-
aged very much like that attacked by subterra-
nean termites. They more frequently tend to
attack wood that has been damaged by other *
termites or by fungi, but they will damage
sound timber. They appararently attack all
types of wood. On rare occasions, there may be
anest constructedonawall orinan atticspace,
but this would not be the usual means of dis-
covery.

X POTENTIAL FOR DESTRUCTION

There is very little recorded information on the
economic losses in buildings caused by tree-
nesting termites. In modem, inhabited struc-
rarely a problem. Where
much concrete and metal is used in construc-
tion, they are apt to be found in wood trim, etc.
L. F. Martorell (personal communication, J\}ly
1975, Department of Entomology, University

s
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of PuertoRico, Rio Piedras, Puerto Rico) indi-
cates that if these termites cause damage, it is

most often in old, poorly constructed build- .

ings.
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CHAPTER TWO

TERMITES:

THEIR PREVENTION

AND CONTROL

SUBTERRANEAN
TERMITES

Much research on termite biology and habits
and many years of experience in their control

indicate that the most effective and economical |

time to provide for protection ofhouses against
subterranean termites is during the planning

and construction stages. That is not to say that
existing houses cannot be adequately pro-

tected, but the cost of treatment often is several
times more, and the results are sometimes less
satisfactory.
.. Asyetthere is no foolproof method of con-
* struction or treatment against infestation by
subterranean termites. There are, however,
many measures that can be taken to decrease
the likelihood of initial attack and to control
existing infestations. Good design, con-
scieritious construction procedures with sup-
plemental use of chemically préssure-treated
wood, and soil treatment can provide adequate
protection at a reasopable cost. - .
Whatever methods are employed to preven
or control subterranean termites, one rather
simple principle is involved: prevention of
their simultaneous access to food and moisture
(Rambo, 1980). This principle includes the fol-
lowing kinds of procedures: the elimination of
food through proper design and construction
(or modification of existing conditions) and
}hrough the application of sanitation at build-
ing sites; the control of moisture through ade-
quate clearance, drainage and ventilation; the

34 WOOD DESTROYING INSECTS

exposure of termite Shelter tubes through the
use of impenetrable barriers between the soil

and the structural wood; and the use of chemi-
cals for direct control, for creation of barriers
by soil treatment, and for the preservative
treatment of wood. These procedures are di-
rectly related to denying the environmental

requirements (food, moisture and protection) *

of termites.

M PREVENRTION
Wherever subterranean termites occur, con-

FIGURE 2-1. Poured concrete foundation walls
or plers that are easily inspected offer complete
protection against termite Infestation. Proper
clearance of elght inches (20 cm) should be
provided between the dirt fills and the framing
members; also, a clearance of six inches (15
cm) from the wood siding to the fills should be
provided. Medified from USDA.
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<ideration should be given to the hazard which
they represent. This bazard will vary with the
geograpic location (Fig. 1-6), the type of con-
structionbeing employed, and the buildingsite
itself.

In areas where subterranean termites repre-
sent onlyamoderate hazard on the average, the
Liability of attack is increased when houses are
erected where woodland (the natural habitat of
1ermites) formerly stood, or where old, infested
‘buildings have been tom down. It is well to
Xeep this in mind when determining the extent
of preventive measures needed.

W GCGCD DESIGN
The first consideration, of course, comes inthe

design of the structure. It is important to be..

aware of the potential points of entry by ter-

mites (Fig. 1-9). No current type of construc-

tion in and of itself forms an-adequate physical
Ybarrier to subterranean termite entry. There
are degrees of resistance 10 their penetration,
however. )

m WALL AND FIER
{CRAV/L SPACE) FOUNDATIONS

‘A1l foundations should be constructed as ter-
smite resistant as possible to prevent hidden
attack on wood above them. This is one of the
most important preventive measures to be
considered. Foundations may be rated in order
of relative resistance to penetration by subter-
ranean termites as follows (Beal et al, 1989):
»4 Poured concrete foundations (Fig. 2-1),
properly reinforced, prevent large shrinkage or
settlement cracks. (Cracks Y52 inch [(0.8 mm)]
- or more in width will permit the passage of
termites.)
» 2 Hollow-block or brick foundations and
piers:
a. Capped with 2 minimum of four inches
(212 {m) of reinforced poured concrete (Fig..
b. Capped with precast solid concrete
‘Blocks, and joints completely filled with ce-
ment mortar or poured lean grout.
¢. Top course of blocks and all joints com-
pletely filled with concrete. (Where hollow

blocks are not filled, no protection is pro-
vided.)

'» 3 Wooden piers, or posts used for founda-

tions or piers, pressure-treated with an ap-
proved preservative by a standard pressure
process.

Only types 1 and 2a have any significant
protective value.

In considering any of these foundatior
types, keep in mind that for every departure

from an uninterrupted, smooth and solid con-

crete foundation, one or more access points for
termites are introduced. Openings for win-
dows, doors and utility pipes are included.

FIGURE2-2.A reinforced poured-concrete cap
on masonry walls or piers prevents hidden

attack by termites. A minimum of four Inches (10

the cap; also, a clearance of six Inches (15 cm)
from wood to the ground should be provided.
Minimum clearance of 18 inches (46 cm) under
the floor Joists will allow inspection for the
presence of termite tubes of for possit:_!o
cracking of the cap. Adapted from USDA.
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Brick veneers on the outside of any of the basic
types add hidden entry potential.

m COMNCRETE SLAB-ON-GROUND
FOUNDATIONS

For many years, concrete slab-on-ground con-
struction was considered to be safe from
termites. This is far from the case. On the con-

trary, it is one of the most susceptible types of
construction. Termites enter through cracks
and joints and around pipe openings. They
build tubes over the edges of the slabs, espe-
cially when the slabs are built with little clear-
ance above the outside grade.

There are three basic types of slab-on-
ground construction. They vary in their sus-

~——
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4~ Reinforced
Concrete Slab

Finish Grade

¥ e e

Concrete Stab

FIGURE 2-3. Slab on ground construction. A. Monolithic slab. B, Suspended slab. Floating slab type
of construction in which the slab rests on the ledge of the foundation wall. C. OrIs independent of it.
D. The expansion joints in C. and D. are particularly vulnerable to termite entry. Courtesy USDA.
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ceptibility to invasion by subterranean ter-
mites. The type most resistant to entry by ter-
mitesis the monolithic slab (Fig. 2-3A). In this
1ype, the floor and footing are poured as one
continuous operation, SO that there are few
points which might allow hidden termite entry.
Termites may, however find entry around
plumbing and other utility pipes or through

cracks which sometimes develop in spite of

reinforcement.

The second type is the suspended slab that
extends across the top of the foundation wall
{Fig. 2-3B). This provides some protection
from termite entry through voids or vertical
<racks in the foundation, but there are other
possible entry points, as inthe monolithicslab,
s well as over the edge of the slab on the
.outside. The third type is the floating slab. In
1his type, the slab-may rest on a ledge. of the
foundation (Fig. 2-3C) or be independent of it
(Fig- 2-3D). This is the most likely to be in-
-vaded by subterranean termites. The expan-
sion joints where the slabs ‘contact the
foundations are often invaded. The joints
should be sealed with roofing grade coal tar
pitch, since this is the sealer most resistant 0
1ermite attack. o ’

However, it is subject to penetration by ter-
mites and to pulling away from the concrete
when there is sufficient temperature change.
Soil beneath such joints should always be
treated with insecticide. When perimeter in-
sulation extends upward through jointssuchas
these, it makes termite entry even easier, This
subject will be discussed in greater detail later.
‘MRAISED ATTACHMENTS OR )
AFPURTENAKRCES OF COMCRETE
OR MASONRY

Anadm}ems,and appurtenances to the main
foundation require special consideration. It
Bas been a common practice in the past for
Tmany structures such as concrete steps, por-
ches, patios, breezeways, carports and terraces
10be built over earth fills. This brings the Jevel
of soil into close proximity to the wooden
members of the structure (Fig. 1-9). :
Termiite colonies in these fills appear to be

the sources of over half the subterranean ter-
' mite infestations of structures (Ebeling, 1975).
These attachments and appurtenances should
be constructed so as to be open for ventilation
and inspection, or so as to expose the upper
partof the concrete foundation or the cap of the
masonry foundation. Attention to this struc-
tural detail alone would significantly reduce
the access of most subterranean termites to
buildings and save many millions of dollars in
repair costs (Spear, 1970).
Omamental attachments to buildings such
as porte cocheres, trellises, buttresses, etc.,
should be constructed so as to rest on concrete
or masonry foundations that extend at least six
Zinches (15 cm) above exterior grade or any
adjoining soil. This clearance prevents hidden
access to the wood by termitesin the soil. Expo-

- sure to outside-weather conditions also dis- .
courages the construction of shelter tubes to .

reach these wood members. Planters attached

1o houses have been a particular problem.They

should have a clear gap of at least two inches (5
cm) between the planter and the house struc-
ture. If they must be attached, they should be
firmly anchored and constructed as an integral
part of the foundation so.as to provide no
hidden dccess between the planter and the
house. The soil level should not reach within 8
inches (20 cm) of the lowest wooden structural
members of the house.

N FOUNDATION INSULATION ‘

The foregoing discussion has dealt with design
feafures that might reduce risk of termite at-
tack. There is one rather common practice in
certain areas that provides termites with easy,
hidden access to structures. Thisis the practice
of using insulation composed of semi-rigid
batts of expanded polystyrenc or polyurethane
against foundations. Such battsare designed to
retain heat in buildings constructed with crawl
spaces and particularly with slab floors con-
taining perimeter heat ducts.

This insulation material has no food val_ueA

for the termites, but it does provide them with

needed shelter and is very easily penetrated by .

" them (Sperling, 1967). The crevices between
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1he insulation and the foundation against
which it is laid also will provide a concealed
access route for termites. If this insulation sys-
tem is used, it is essential that soil treatment, to
be discussed later, be specified.

H SUB-SLAB OR

INTRA-SLAB HEAT DUCTS
The perimeter heat ducts mentioned above
also create problems in termite control, even
when no insulation is involved. They are not
recommended for use in any areas where sub-
terranean termites occur. These heat ducts are
incorporated into the slab or are placed just
beneath the slab (Fig. 2-4A and B).

If termites make entry through cracks in the
ducts or through openings around the heat regis-
ters, they are éxtremely difficult, if not impossi-
ble, to safely treat with soil insecticides, the only
current method. If this type of heating system is
specified, it is essential to also specify soil treat-
ment, during construction, to be detailed later.

M CLEARANCE BEETWEEN -
WOOD ARD SOIL

Clearance between wood and soil is an often-

neglected aspect of construction that needs to
be carefullly considered. The minimum clear-

ance between outside finish grade and the top -

ofa floorslab should be 8 inches (20 cm) withat
least 6 inches (15 cm) exposed (Fig. 2-3A and
B). This clearance provides a means of visual
inspection for termite shelter tubes con-
structed on the outside of the wall.

Further, it exposes such shelter tubes to the
drying effects of wind and sun and to the ero-
sion resulting from splashed rain or irrigation
water. In crawl spaces, the minimum clearance
between the ground and the bottoms of floor
joists should be 18 inches (45 cm); such clear-
ance for beams and girders should be 12 inches
(30 cm; Fig. 2-5). This provides physical sepa-
ration of the soil containing the termites from

-the wood of the strucutre. It also allows ade-

quate air movement for ventilation of the
crawl space and room for crawling to make a

- visual inspection of all wood surfaces, piers,

and foundation walls for evidence of termite
shelter tubes or wood damage.

Theexterior finished grade level of houses
over crawl spaces should be equal to or be-
low the level of soil underneath the structure

L
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FIGURE 2-4. A. Heat duct imbedded in‘ monolithic slab with cracks allowing termite entry. B. Hedt
duct under supported slab with joint around heat duct which allows termite entry. Adapted from

Terminix and NPCA.
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FIGURE 2-5. Where the
superstructure of a building is
masonry, provide for adequate

clearance between the wood and
ground both outside and inside the
building. Adapted from USDA.

(Fig. 2-2) so that water drains away from the

foundation and cannot leak through and be-
come trapped. If this much clearance is not
feasible, the outside grade line should be at
least 6 inches (16 cm) below all outside
woodwork.

“The outside grade lines of houses with base-
ments should also be at least 6 inches (15 cm)
below all exterior woodwork. The walls should
be water-proofed and provided witha drainage
'system to prevent leaks. This clearance for
both types of construction permits inspection
of the outer surface of the foundation and ex-
-poses any termite shelter tubes to,the effects of
weather. Where the superstructure is of brick
or other masonry, the outside grade line should
be equal to or below the level of soil under--
-neath, or a minimum of 8 inches (20 cm) below
the top of the foundation (Fig. 2-5) for the same
easons indicated previously.

I a masonry foundation is capped with 4
inches (10 cm) of reinforced concrete (Fig. 2-2)
the minimum grade line should be at least 4
inches{10 cm) below the uppermost horizontal
joint. This will force termites making hidden

entry through foundation voids into the open,
where they may be seen by an inspector before
they reach the wood. Anadded advantagetoall

such clearance between wood and soil is that it
reduces the danger of decay.

Concrete carport, garage, porch and en-
trance slab floors attached to houses should be
sloped to drain water away from the founda-
tion. If they span more than 3 feet 6 inches (1
m), they should be reinforced to prevent crack-

ing. Thelevel of soil under suchslabsshouldbe
at least 8 inches (20 cm) below framing mem--

bers and 6 inches (15 cm) below any wood
siding (Fig. 2-1).

M VENTILATION UNDER BUILDINGS

Proper ventilation under buildings with crawl -
spages is important in reducing subterranean .

termite activity because of lowered humidity
and more rapid drying of soil. The lower hu-

midity discourages shelter tube construction,’

and drier soil forces termites deeper t0 locate
moisture, with the added advantages of reduc-
ing risk of decay and beetle attack.

The ventilators should be large ex}ough and
so distributed as to prevent dead air ?ockcts
from forming. Comner areas are parugularly
susceptible to poor circulation, so ventilators
should be within 10 fect (3 m) of all comers in
order to get the best cross ventilation. Ven-
tilator openings on the front side of houses are

. -
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FIGURE 2-6. Ventilator well.

ofien avoided for aesthetic reasons. This will
create no problems so long as those placed in
otherareas can be arranged to prevent dead air
- -spaces. The size and number of openings
needed depends to a certain extent on soil
moisture, average humidity, air movement,
and construction features.- The general rule is
toprovide 1/150 of the ground area beneath the
dwelling in net free area of ventilator opening.
In order to function properly, the ventilators
should be at least 3 inches (7.6 cm) above the

outside grade and below the bottom of floor
joists. 2

Since the usual outside dimensions of foun-
dation ventilators are 8 inches x 16 inches (20 x
40 cm), the distance between the outside grade
and the top of the foundation must be a mini-
mum of 11 inches (28 cm) on any wall con-
taining ventilators. Should it be impractical to
provide this amount of clearance, wells may be
constructed around ventilators to prevent
water from entering the crawl space through
them (Fig. 2-6). The wells should be deep
enough to provide 6 inches (15 cm) of clearance
below the bottom of the ventilator. The well
should be constructed as far away from the wall
as the height of the ventilator. The bottom of
the well should be covered with loose gravel to
provide drainage. Any ventilator more than_
one-half below grade will provide only about
one-third as much ventilation as one above
grade. Additional ventilators should be-spec-
ified to compensate for this.

In areas of high humidity and high water
tables, it is advisable to cover the ground under
crawl space construction with a vapor barrier.
A vapor barrier provides much better condi-
tions for reducing termite activity than might
be expected by reliance on ventilators alone.

FIGURE 2-7. Construction of wooden steps of
porch to prevent hidden termite entry.
Adapted from USDA. -

(
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When 2 vapor barrier is installed, the amount

of net free ventilation opening required is re-

duced 10 171500 of the area covered by the
building. However, no fewer than four ven-
silators should be installed. These should be
placed to allow the greatest possible cross ven-
tilation.

When landscaping is specified, shubbery
and other plantings should be placed far
enough from ventilator openings to permit free
circulation of air. They should be far enough
away from foundation walls to permit later
inspection of wall surfaces for the presence of
termite shelter tubes.

The manner in which wood is used in con-
struction can have much to do with its du-
rability. When it is exposed 1o’ wetting from

rain, eic., on the exterior of the building, it is.
also placed in jeopardy of fungal attack.. .. .

WENTERIOR WCODYWORK

‘Wooden porchies and steps create points of
special concern. Porch supports, such as as
piers, adjacent to a house should be separated
from the foundation proper by a clear gap of 2
inches (5 cm) to prevent hidden access by ter-
inites. Where wooden steps. are-used they
should not rest directly on the ground. The
carriages should rest on a concrete base that

extends at least 6 inches (15 cm) above grade

(Fig. 2-7).

In construction where pier foundations are
used, it is often desirable to close the spaces
between the piers with wood lattice or skirting.
Whenever this is done, the woodwork should
be separated from the piers and the soil by a
clear gap of at least 2 inches (5 cm) to eliminate
easy or hidden access for termites.

It has been a common practice in the past for
exterior door frames and jambs to be placed
before concrete floors of garages, basements;,
etc., have been poured. Very often the frame or
jamb is partially imbedded in the concrete or
even extends through it to the soil, making a
perfect hidden entry point for termites. When
this procedure is followed on the outside, the

pockets formed around the wood collect water

and make ideal conditions for termites and

" fungus. Avoid this mistake in designing, orin .

choosing a design for a house.

Whenever window frames or other openings
near or below outside grade are made of wood,
‘particular attention should be paid to making
the foundation wall surrounding the wood as
impervious to termites as possible. The meth-
ods described in the discussion of the resis-
1ance of foundation walls in general apply here.
Also, the level of the bottom of the window well

FIGURE 2-8. Wood post and basement steps
extending through concrete. Adapted from
NPCA.
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should be at least 6 inches (15 cm) below the
nearest wood.

| WOOD USED IN BASEMENTS

Wooden support posts, stair carriages, or parti-
tion walls used in a basement should be put
into place after the slab floor is poured. If they
extend into or through the concrete, they are
subject to hidden attack by termites (Fig- 2-8).
Under no circumstances should untreated
wooden screeds be imbedded for nailing parti-
tion wall plates to the floor.

Finished basement rooms present special
problems if precautions are not taken. Infesta-
tions of termites in such areas are difficult to
detect and to control. Any wood used below
grade 1hat is not pressure-treated, particularly
that in contact with masonry or concrete walls
or floors, is subject to attack by termites. Add to
that the fact that the wood in such areas is in
danger of decay as well. ,

These factors indicate the necessity for

chemically treating the soil beneath the floor ..

and -along the outside of the foundation wall
during construction. Soil treatment will be dis-
cussed later under chemical controls. In addi-
tion, any wood in contact with masonry or
concrete below grade should be chemically im-
pregnated with a standard wood preservative,
the details of which will be discussed later. You
will recall that all wooden framing members
should be at least 8 inches (20 cm) above the
ontside grade.

M UTILITY CORDUITS AND'STEEL
SUPPORT COLUMNS

Plumbing and other utility conduits in crawl
spaces need to be installed carefully to prevent
ihe creation of conditions conducive to termite
jnvasion. All such conduits should be sus-
pended clear of the ground in crawl spaces.
Preferably, this would be from girders and
joists to provide maximum clearance.above
ground.

Under no circumstances should wooden
blocks or stakes be used to support such con-
duits. Termites will feed on the wood and fol-
lowit up to the conduits and then build shelter

42 WOOD DESTROYING INSECTS

tubes over the conduits to wooden members
above. Mention will be made later concerning
the chemical treatment of soil around plumb-
ing that extends from soil to wood.

Where pipes or steel support columns ex- .
tend through concrete floors or foundation
walls, the space around them should be care-
fully sealed with dense cement mortar to dis-
courage the entry of termites through such
crevices. Chemical treatment of the soil be-
neath such spaces is also important.

B GOCD CONSTRUCTION PRACTICES

The value of good design of buildings can be
completely voided by improper construction
practices. If good design specifications are not
followed, they might as well not exist. There
are many construction practices that tend to
increase the liability of subterranean termite
invasion of structures.

Some of them have been so common that it
will take great effort to break old habits. Any

_ rea] progress can be made only when those

carrying out and supervising the construction °

_ really understand the important role they play

in termite prevention. Since termite attack
does not usually océur in the first several years
of a building’s existence, the finger of guilt is
hard to point. - )
Only by understanding the special needs
and having a professional concern for the long-
term quality of the construction can this phase
of termite prevention ever be accomplished.
Instruction, motivation, and supervision of
gonstruction workers to avoid these flaws can

. bea very important factor in the prevention of

attack by subterranean termites (Spear, 1970).

The first step in the construction of any
building is the preparation of the site. The bat-
tle against termites also begins here. Subterra-
nean termites live in the naturally occurring
cellulosic material in or on the soil. In site
preparation, it is necessary 10 remove as much
of this natural food as possible.

Al tree stumps, logs, large roots, and accu-
mulations of surface vegetation shouldbe. com-’
pletely removed from thesitetobe occupfedby
the building. If the soil has been previously
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_occupied by a structure, such as in urban re-

newal areas, any wood debris which remains
should be removed. Under no circumstances
should any wood-containing debris be buried
on or near the site. Initially, this clearing of
debris may increase the pressure from termites
seeking new food sources, butif proper barriers
have been incorporated in the building, it will
eventually reduce the termite population seek-
ing entry.

Most soil is favorable to the development of
subterranean termites. It has already been
stated thatgood ventilation beneath a structure
isimportant in removing water vapor given off
by the soil and thus speeding the drying pro-
cess. Poor site drainage that allows water to
accumuiate underneath or adjacent to a house
can completely void any benefit derived from
good ventilation. :

The same principle holds when the fill under
slab construction stays wet because of poor
drainage. The soil surface at the site should be
sloped so that water will drain quickly away.
from thebuilding. This remains equally impor-
tant when there is a vapor barrier on the soil of
a crawl space. Poor.provision for surface water

"removal is a very common construction fault.

When eave gutters and downspouts are in-
stalled, ensure their proper function. Connect
the downspouts to drain pipes that take the
roof ‘water to a storm sewer or open drainage
well away from the house. The benefit of down-
spouts is voided when they concentrate or
pond water next to foundations. When surface

drainage is poor because of flat terrain, or

where there is a basement, the use of drainage
tile-around the foundation is beneficial. '
Asconstruction proceeds, no wood or paper
products or scrap lumber should be incorpo-
Tated into the earth fill. Such materials are food
for termites and might even provide channels
through chemical bariers, which will be dis-
cussed later. The incorporation of stones or
chonks of mortar or concrete larger than 4
inches (10 cm) in diameter in backfill around
foundations will adversely affect the ability to
apply soil chemicals after the grade is estab-
Xished. This will be clarified when the process is

-

later discussed.

It has been emphasized previously that con-
crete and masonry construction is particularly
susceptible to termite attack. This susceptbility
is often increased because of flaws left by in-
complete compaction of concrete or mortar
when it is installed, by inadequate or faulty
installation of reinforcing materials, or by care-
less bonding of masonry units where it will not -
show. When wooden forms and grade stakes
are left in place after concrete is poured, they
provide easy penetration for termites (Fig.
2-9). This is one of the most common construc-
tion errors.

When construction is complete, there
should be no wood scraps left in-a crawl space.’
The“rule ofthumb” is that every piece of wood _
that can be picked up between the tines of a
common garden rake should be removed.

Poor attention to the requirements for clear-
ance between wood and soil, particularly on
the outside, is another common error. A lack of
appreciation of its importance is no doubt the

. primary reason for this. There is no additional

cost involved if the foundation has been prop-
erly designed to allow for the clearance.

FIGURE 2-9. Wooden grade stakes leftin -
concrete provide termite entry. Adapted from
USDA. -
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These are a few examples of the more com-
mon construction faults which relate to subter-
‘ranean termite prevention. There are as many
possibilities as there are design specifications
related to this purpose. Careful attention to the
details of construction specifications is the only
long-term answer to this problem.

M DIRECT METHODS
OF PREVERTION

The prevention of subterranean termites in
structures by good design and construction is
very difficult, if even possible. Complete de-
pendence on this method would be quite ex-
pensive and, of necessity, would result in
buildings that would not be very attractive by
our current standards. This has led to the com-
mon-use of chemical treatment of soil around
or under the foundations of buildings to sup-
plement good practice in modem building de-
sign and construction. It is, however, not.a
substitute, but a supplement. Another method
which may reduce the susceptibility of wooden
structures to termite attack is the use of chemi-
cally-treated and naturally-resistant woods.
Let us look first at the use of woods naturally
resistant to termite attack. These woods con-
1ain materials called extractives in their heart-

wood. These extractives include many kindsof

compounds, some toxic and some repellent to
termites. Only the heartwood is resistant and,

- in nost cases, the wood must be used above
ground and protected from weathering to re-
main resistant. ..

The practice of using these woods in con-
struction is very old and in many parts of the
world was the sole means of defense against
termites until very recent times. This practice
has been almost completely replaced by wood
preservatives, soil insecticides, more durable
construction materials, and better construc-
tion methods. It still has a minor place as a
supplement to other measures where the
woods include (Beal et al., 1989): baldcypress,
castern red cedar, chestnut, Arizona cypress,
blacklocust, redwood, osage orange, black wal-
out, and Pacific yew. None of these woods is
immune to termite attack, and they are not as
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reliable as pressure-treated wood.

It has been the practice in the past to apply,
by dipping, brushing, or spraying, so-called
wood preservatives to wood framing timbersat
building sites. Some of these materials are
quite effective when applied under pressure to
saturate a good portion of the timbers. When
applied on the site by the means cited above,
most offer little resistance to termites and pro-
vide a false sense of security.

Dipping, brushing, or spraying, with one ex-
ception, should not be considered effective
means of treating wood for the prevention of
termites. The exception to this rule is a borate
salt compound formulated to be applied in
water solution to unseasoned wood by dipping
and restricted drying. It is sold under the trade

- names Tim-Bor and Bora-Care. If properly ap-

plied, it will penetrate deep into the center of
wood. When such treated wood will be exposed

" b wetting, it should have its surface treated

with water repellent often enough to prevent
leaching of the borate salt.
“Pressure-treated wood” is wood that has

. been‘impregnated with an approved chemical

by a standard process. The chemicals and their
uses are given in:
1 Federal Use Specification TT-W-571 (cur-
rentrevision). = . = SR
2 Standard T1-49 of the American Wood
Preservers’ Association.
3 Standards of the National Woodwork
Manufacturers’ Association.

-The preservatives, such as penta-
chlorophenol and metallic salt mixtures, arg
primarily fungicides to prevent decay. Theyact
against termites mostly as repellents to feeding
or as stomach poisons. :

Naturally-resistant or pressure-treated
wood should not be considered a termite bar-
ier, but only protection for those parts actually
constructed from such wood. The termites will
build shelter tubes over resistant or treated
wood to get dt untreated wood above it. They
are thus forced into the open and more casily
detected. Even if all the wood in a structure
were pressure-treated, subterranean termites
would tube over it to reach cellulose-con-

———
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taining materials used inside the building.
In the contiguous states, the use of pressure-

treated or resistant wood as 2 part of termite-

prevention can only be justified when decay or
drywood termites are serious problems and
protection from them is also deemed neces-
sary. This usually would involve foundation
sills and wood used below grade, as in finished
basements. In tropical areas, where drywood
termites are also a serious threat, itisfeasibleto
use pressure-treated wood for all framing
lumber. '

-—- - ¢ Oow — - et L Led
| CREINTAL SOIL TIISATMENT

Subterranean termites live in the soil. They
require the moisture found there, and theyalso

." find the protection which they need from dry-

ing out and from attack by.natural enemies.
_ When the normal food sources found in the soil
are removed at a building site, the termites seek
other sources of cellulose. ‘

1t has been explained previously that they

build shelter tubes over impervious surfaces to-

reach wood above ground if the surrounding
environment is not t0o harsh. The soil under
concrete slabs and in crawl spaces is usually
habitable by termites, even in reasonably

drained and ventilated construction. Long ex- -

perience has shown that termites are quite ca-
pable of penetrating or bypassing most, or all,
of the physical barriers erected as defense
against their assault on wood in buildings.

This knowledge led to the development of
methods to render the soil adjacent to house
foundations toxic and/or repellentto termites.
The persistence and effectiveness of insec-
ticides has been studied for many years, partic;
ularly as it related to the control of soil-
dwelling agricultural pests.

Prior to World War II, methods of incor-
porating izsecticides into soil to prevent ter-
mites in buildings had been developed. Many.
of the chemicals used had serious limitations as
10 their toxicity to plants and warm-blooded
animals and in their lack of persistence in the
soil. After the war, many new synthetic organic
insecticides became available, and many were
tested for their effectiveness against subterra-

nean termites. .

The group of chemicals known as chlori-
nated hydrocarbons were found to be out-
standing in their persistence and effectiveness.
They are also quite safe to use around plants
and, with proper care, are no threat to people or
other animals. The U.S. Forest Service estab-
lished field tests in southern Mississippi as the
chlorinated hydrocarbons and other insec-
ticides became available, and has maintained
field tests until the present time. (Kard et al,,
1989).

Among all of the materials tested, four were
outstanding and were extensively used for soil
treatment until the mid 1980’s, when they were
withdrawn from the market because of contro-
versy by environmentalists over their safety.
Aldrin, chlordane, dieldrin, and heptachlor
had been 100 percent effective for two or more
decades when they were taken away. These

tests were conducted in an area which has an -

average annual rainfall greater than 65 inches

] (approximately 1.6 m). In spite of this, tests

conducted 17 to 21 years after the applications
(Smith, 1968 and 1969) indicated that the in-
secticides had moved only a few inches.

Since in practice they are placed on soil un-

der buildings where there is a minimum of .

weathering, erosion and other distrubances,
the treatment presents a minimal hazard to the
environment. Since the tests were being con-
ducted in only one location, the Forest Service,
between 1964 and 1966, established additional
field tests in seven locations selected to repre-
sent major soil typesand rainfall patternsinthe
Ufited States (Carter, €t al., 1970). :
Because the loss of the use of chlorinated
hydrocarbons, several insecticides in different

groups of chemicals, particularly organophos-

phates and pyrethroids, have been test_ed as
replacements for previously used soil insec-
ticides (Kard et al., 1989). Pive‘of them, chlor-
pyrifos (Dursban), cypermethrin (Demon and
Prevail), fenvalerate (Tribute), isofenphos

(Pryfon), and permethrin (Dragnet and Tor-

pedo), have been 100 percent effectiveforSor -

more years at most sites when tested inaman-
nerequivalent to treating soil undera concrete

- g > ——y
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slab. All of them except cypermethrin (under
test only 8 years), when applied at the recom-

mended label rate, have been effective under -

concrete slabs for 10 or more years at one or
more of the four test sites (Rambo, 1990).

These termiticides are not as persistent in
the soil as the chlorinated hydrocarbons and
require very careful attention to label di-
rections when they are applied if reasonable
control is to be expected. In addition, there are
more stringent regulations related to pressure
used during application and a number of ap-
plicatorsafety equipment recommendations to
be considered.

The purpose of soil treatment is to establish
a barmier of chemically treated soil adjacent to
all surfaces of the building foundation over
which, or through which, termites might gain
entry into the wood of the structure. Obvi-
ously, the barrier must be applied very thor-

" oughly and uniformly to block all routes of

termite entry. This requires that treatment
must also be applied around all pipes or utility
conduits making contact with the ground and
the wood. When this soil treatment is per-
formed during construction of the foundation
as 2 preventive measure, it is called “pretreat-

. .ment." This is the most economical and effec-

tive time to apply soil insecticides.

All of the currently registered soil ter-
miticides are applied as a water emulsion pre-
pared by mixing a specified volume of emulsi-
fiable concentrate of the insecticide with a
specified volume of water. Directions for mix-
ing the concentrates with wateraregiven by the
labels on the containers and they should be

followed very carefully. - .

Theinsecticides and the recommended con-
centration for each are as follows:

chlorpyrifos (Dursban) ...... ceescecdd®
cypem;ethrin (Demon) ........ 0.25-0.5%
(Prevail) coccoocvececcscannassd 0.3-0.6% _
fenvalerate (Tribute) cocevecoee..0.5-1%
jsofenphos (Pryfon) ....... creeend 0.75%
permethrin (Dragnet and

Torpedo) .eveeeceee. cesesesad0.5-1%

The rates and methods of application (Beal
et al., 1989) vary with the type of construction
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and the area to be treated. Pressure should not
be high enough to allow misting or excessive
splashing of the termiticide. Consult label di-
rections for pressure recommendations.

1. Slab-on-ground buildings: Soon after the
gravel or dirt fill has been placed and tamped,
treat the soil with one of the diluted chemicals
before the concrete slab is poured. The chemi- .
cal is applied with a power sprayer, but it may
be necessary to loosen or to trench (discussed
later) the soil to get penetration to the footing
and good dispersal in the soil in contact with
the treated elements.

The soil is treated as follows:

M Apply 4 gallons (15 liters) of chemical per 10
linear feet (3 m) to the soil in critical areas
under the slab, such as along the inside of foun-
dation walls, along both sides of interior parti-
tion walls and around all plumbing or utility
conduits that will penetrate the slab. (You will

recognize these as the primary points of termite - -

entry.) ,

R Apply 1 gallon (4 liters) of chemical per 10
square feet (1 sq m) as an overall treatment
underthe slab and attached entryways, garages,
carports, porches and terraces where the fill is
soil or unwashed gravel.

. M Apply 1.5 gallons (6 liters) of chemical per 10

square feet (1 sq'm) to those areas where the fill
is washed gravel or other coarse, absorbent
material, such as cinders.

W Apply 4 gallons (15 liters) of chemical per 10
linear feet (3 m) of trench for each foot (30 cm)
of depth from grade to footing along the out-
sidg'; of foundation walls after all grading is
finished. Portions of soil adjacent to the main
foundation which will be underneath attached
porches, terraces, etc., should be treated at this
rate before the concrete slabs are poured. This
treatment is accomplished by digging a shallow
trench approximately 6 inches (15.cm) wide
along the outside of the foundation. Where the
top of the footing is more than 12 inches (30
cm) below the surface, treatment must be ex-
tended to the top of the footing by the use of
crowbars or a grouting rod inserted at close
intervals in the bottom of the trench. (The
details will be given in part 2 following.)

.
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X Apply 2 gallons (7.5 liters) of chemical per 10

linear feet (3 m) of wall at or near the footing -

into voids in masonry blocks or foundations. If
voids have been capped, drill holes into them
near the footing and inject the chemical to form
a continuous barrier. See Figure 2-10 for a
cross-sectional view of the completed chemical
barrier.

2. Crawl space houses: The soil under or
around crawl space houses should be treated as
follows: ‘ '

M Apply 4 gallons (15 liters) of chemical per
10 linear feet (3 m) of rench along the inside of
foundation walls, along both sides of interior
partitions and around piersand plumbing (Fig.
2-11). . . .
| Apply4 gallons (15 liters) per 101linear feet
(3 m) of trench for each foot of depth from
grade 1o footing along the outside of founda~
tion walls, including the part beneath entrance
platforms, porches, etc., after all grading and/
or filling is completed. This treatment is ac-
complished by digging a shallow trench ap-
proximately 6 inches (15 cm) wide along the
outside of the foundation.

Where the top of the footing is more than12-
inches (30 cm) deep and where large volumes:

of chemical must be applied, make holes no
more than 1 foot apart in the bottom of the
trench 1o the top of the footing, usinga grouting
rod. The rod holes will permit better distribu-
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FIGURE 2-10. Application of chemical to slab
construction. Adapted from USDA.

tion of the chemical by providing access 10 the
soil at depths below the trench. The grouting
rod isa pipe, usually %2inch (13 mm) or greater
in diameterand about4 feet (1.2 m)long, witha
pointand openingsnear the tip. Asthe grouting
rod is inserted into the soil, the chemical is

FIGURE 2-11.
Application of
chemical to crawl.
space construction.
Soil treatment (1)
along outside and @

inside foundation

(3) around pier and (4)
., plumbing. Adapted

p’ from USDA.
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injected through it under pressure.
Any excess chemical which backs up around

the rod is held next to the foundation in the

srench. The grouting rod injections may need
10 be closer together in hard-packed clay soils
than in light, sandy soils. When the rodding is
completed, refill the trench, saturating the soil
with chemical. Some Jabel directions indicate
that 2 thin layer of untreated soil should be
placed on top of the treated soil.

m Apply 4 gallons (15liters) per 10 linear feet
(3 cm)along and against the inside and outside
foundation walls of porches and other raised
appurtenances, using shaliow trenches to re-
13in the chemical against the foundations. The

1renches should be refilled and treated as indi-

cated above.

m Apply 1 gallon (4 liters) per 10 square feet

"(1sqm)of soil surface as an overall treatment,

only where the attached concrete platforms
and porches will be on fill or ground. Do not
apply an overall treatment in crawl spaces.

M Apply 2 gallons (7.5 liters) of chemical per
10 linear feet (3 m) of wall at or near the footing
into voids in masonry blocks or foundations. If
voids have been capped, drill holes into them
nearthe footingand inject the chemicalto form
a continuqus barrier. . '

3. Basement houses: Soil under the entireé
area of the basement floor, under adjacent en-
trance, porch, garage and carport slabs and

around the perimeter of the basement wall -

should be treated (Fig. 2-12). »
» Soil under the basement floor and other slabs
is treated under slab-on-ground- construction
- (Part 1 above).
) The soil outside of the basement wall is
treated as in crawl space construction (Part 2
above). '
» Where there are voids in masonry founda-
tions, treat as in Parts 1and 2, above, Keepin
mind that the insecticide is applied in the foun-
dation wall at or near the footing, not from the
top of a high basement wall. :

4. Multi-level houses are treated according

10 the individual component parts, using the

spcciﬁt.mions which apply to each. They are
very difficult to treat properly if infested later.
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FIGURE 2-12. Application of chemical to the soil
and around a house witha {ull basement. A.
Soil treatment along the outside of the
foundation; B. Pipe and rod hole from the .
bottom of trench to the top of the footing to aid
distribution of chemical. C. Treatment of fill or
soil beneath a concrete floor in basement. Do
Position of concrete slab after chemical has

been applied. Adapted {rom USDA.

Soil type and the amount of moisture present
may have an effect on the acceptance of liquids
at the rates recommended. Whena soil will not
accept the correct volume of insecticide
formulation, some labels provide for adjusting

e concentration of toxicant upward and ap-
plying a lower volume. For example, five gal-

lons of 0.5 percent cypermethrin is the

equivalent of 10 gallons of 0.25 percent Cyper-
methrin in terms of actual insecticide available.
Proper distribution of the lesser volume might
be more difficult, and distribution is the key to
the success of sucha manipulation. At the pres-
ent time, label directions must be followed, and
sustments of this type. It is
hoped that such leeway might eventually be-
come available to knowledgeable applicators.
Itis important to be aware of several general
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precautions and other considerations. The En-
vironmental Protection Agency requires that
1reated soil to be covered by a concrete slab be
protected with a polyethylene sheet or other
waterproofed material, unless the concreteisto
be poured on the day of the treatment. This is
1o avoid washing away of insecticide by rain.

It is equally important to protect the treated
soil from any disturbance which might break
the continuity of the insecticide barrier. The
layer of treated soil provided by the overall
treatment of fill under slabs is probably less
than 2 inches (5 cm) thick, and most of the
chemical is in the top 3/4 inch (2 cm) of soil
(Bealand Carter, 1968). Somethingassimpleas
a board being dragged across a treated fill can
create a Jine of untreated soil turned from un-

derneath by the furrow. That is why it is essen-
tial that final treatment on the outside of foun-
dation walls be done after all grading and other
soil disturbance has been completed.

If large stones or chunks of concrete or mor-

tar, as well as wood scraps are incorporated in
dirt fill adjacent to foundation walls, problems
in proper soil treating result. When the chemi-
cal is applied in a trench, or if rods are used to
inject the toxicant to the footing, obstructions
to downward movement create *“shadows™ of
untreated soil below the obstruction (Fig. 2-13)..
Lateral movement of chemicals in many soils
is so restricted that there rhight not be overlap
between holes, even with extra treating on each
side of the obstruction.

Any wood debris incorporated in the, back-
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FIGURE 2-13. Obstructions in backfill prevent complete treatment of soil to the footing.
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£11 serves as food for termites and also might
well extend from the face of the wall into un-

1reated soil. This will allow termites outside of ’

1he chemical barrier to consume the wood and
jncrease their population. Ultimately, they will
penetrate the length of the wood debris and be
in contact with the foundation. Any tiny crack
or crevice greater than 1/32 inch (0.8 mm) will
allow entry into the wall. The higher popula-
1ion of termites increases their persistence and
thus pressure against chemical and physical
barniers.

Treatments should not be made when soil is
excessively wet of immediately after heavy
rains in order to obtain good penetration into
the soil and to avoid possible run-off of the
.. chemical. Best penetration results when the
soil is damp but not excessively ‘wet or dry.
Once the insecticide emulsion which has been

“Zpplied fo the soil has “broken™ (the water has .
left the globules of insecticide oil solution), itis-

then stable in the soil. The insecticide adheres
sotightly to the soil particles that the soil essen-
1ially must be moved in order for'the chemical
10 move. The recommended insecticides are
almost insoluble in water, so leaching is nota
. problem.

" One step in the treatment that is often mis-
understood is that of applying the chemical to
the voids in foundations. The recommenda-
tions indicate that it should be applied- at or
near the footing. The purpose of this treatment
is not'to generally flood the surfaces of the
~voids. Rather, it is to concentrate the chemical
on top of the footing so that any joints, cracks
or other openings in the footing will allow the
<oil on the underside to be saturated with the
chemical that seeps through.

Ifthe soil on both sides of the foundation is
treated properly, the only entry route left for
termites is through the bottom of the footing.
Treating the soil below any openings through
the footing blocks that one last route. If grade
stakes have been left in the footing, it is doubt-
ful 1bat sufficient chemcial will soak into the
small crevices around them to saturate the soil.
This emphasizes the need to remove such
stakes during construction.

50 WOOD DESTROYING INSECTS

Although tests have shown that there isonly
slight movement of the chemicals laterally or
downward through soil, there should be con-
cern for the possibility of contamination of
wells on building sites. This is particularly true
when the soil contains layers of gravel or if it
tends to crack severely during periods of
drought. )

Where this is the case, it is doubtful that
chemical treatment should be attempted if the
well is within 50 feet (15 m) of the house. In
such a case, it is safer to rely on physical barri-
ersto the termites which were mentionedin the
discussions of foundations, slabs, etc. Where
the well is at least 100 feet (30 m) away, no
practical danger exists.

If the house is between 50 and 100 feet (15
and 30 m) from the well, itis possible to treat
safely by removingall of the soil adjacenttothe
perimeter of the building nearest the well by
digging a trench 6 inches (15 cm) widedown to
the footing. The soil so removed should be
placed in a container and mixed with the pre-
scribed amount of chemical. After it has dried, -
it can be replaced in the trench, which has been
lined with a heavy plastic film.

One of the problems most often encoun-
tered when preventive soil treatment is being
applied by a pestcontrol firm isthelackofgood
coordination between the builder and the soil
treater. There have been many cases where
concrete was poured before the fill was treated.
Or foundation voids were capped before they
had been treated. Should there be such an oc-
cirence, the lack of treatment should not be
ignored.

Rather, the concrete slab should be drilled
and treated as will be described in the section
on treating existing structures. The foundation
likewise should be drilled and treated. The soil

_treater should be allowed ample time todo a

thorough and complete job. Apoorjobisworse
than none at all: it creates the false impression
of security from termite invasion. In fact, later
termite breaching of a poor treatment very
often results in the need fora complete retreat-
ment because of the difficulty in determining
the exact extent of previous treatment. Thisis

.
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primarilya problem with slab construction, the
most difficult and expensive to treat.

There is another concern that often arisesin
determining the procedures for coordinating
1he soil treatment with the construction sched-
ule: how many trips to the site does it take fora
1reatment to be completed? There is no simple
answer, but the theoretical minimum is two
11ps. .

The Grst is to treat foundation voids (if any)
and the soil to be covered by the building and
and its attachments. The second trip is needed
when all exterior grading and landscaping is
completed. In practice, there are very few con-
struction schedules that would allow sucha few
trips to complete the treatment. If there are
several houses béing constructed simul-
taneously in a development, the treater might

"do’ sinall segments of the jobs on numerous
occasions when he is at the developmentsite. If
the job is a single dwelling isolated from others
being treated in the vicinity, more careful plan-
ning is necessary. -

For slab-on-ground construction, the first
part of the treatment is usually applied when
the foundation or its forms (monolithic) arein

“place and all of the fill has been completed.On- -
that trip the treatment under the slab and in
any foundation voids is applied. The second
part of the treatment occurs when all of the fills,
grading and foundations have been completed
for carports, entrance platforms, etc., attached
10 the main foundation. The soil to be covered
is treated. The third and final part of the treat-
ment would be to the soil outside the founda-
tion after all grading and landscaping is
completed. Basement and crawl space con- !
struction would require similar steps in treat-
ing. Basically, when foundations are at least
partially completed; when grading, fills and
foundations for attached concrete slabs are
completed and, if applicable, the basement -
floor is ready for the concrete to be poured; and
when the outside grade is completed. Since
protection of treated fills is required if the con-
crete js not poured the day of treatment, it is
common to closely time the treating of dirtfills
with the pouring of concrete. Careful coordina-

tion is critical and is often the weak spot in the

. system.

The question is often raised as to how to
determine whether or not an adequate soil
treatment has been applied. The ultimate testis
afforded by the termites. If they breach the
chemical barrier, it obviously was not ade-
quate. Such a test could involve years of wait-
ing and could include damage to the structure.

Soil treatment is recognized as an effective
and essential type of protection. Unfor-
tunately, there is little if any physical evidence
of its presence. For this reason, efforts have
been made to devise tests to determine that the
desired treatment was actually applied to the
soil. '

There is currently a controversy over the
correct procedure to follow in taking and han-
dling soil samples for chemical analysis. The
complexity of the compounds and the. soil

types and chemistry make 2 simple, accurate -

field test procedure unlikely. It is likely that
immunoassay test kits, based on color reac-
tions, will become available for the common
termiticides. These field test kits will not deter-
mine the exact amount of pesticide found ina
sample, but can detect very lowlevelsand indi-
cate the simple presence or absence of ter-
miticide.

Even !aboratory-analysed samples will not
determine whether or not termite control will
be obtained at the tested site, since soil samples
are taken from scattered locations and onlyone
untreated spotis enoughto allow termite’entry..
Thely can determine whether or notatreatment
has been applied at the site and thus have value
in quality control work.

Other attempts have been made to develo"p
methods to indicate the presence of the chemi-
cal. One involved the addition of dye to the
treating liquid (Berzai, 1964). Some pest con-
trol firms place termite-susceptible wooden

stakes in treated areas around buildings and
examine them periodically to determine the -

presence or absence of termite activity. An at-
tempt was also made 10 develop a practical
bioassay techniqueto determine the amount gf
soil insecticide preseat (Coleman, 1966). This
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jnvolved using live fruit flies as test animals
exposed to soil samples. There are many prac-
tical limitations to the method, and it has never
been widely used.

At present, the only accurate methods of
dJetermining the amount of insecticide present
in soil samples all involve laboratory analysis.
The accuracy of the analyses has been greatly
increased in recent years, and the cost has not
become unreasonably high, considering the
improvement of the results. Finding generally
accepted procedures for sampling and for han-
dling and analyzing the samples is an impor-
1ant concern at present. Another problem lies
in the lack of available research data on the
breakdown of termiticides in soil. This needed

_researchisin progress and more accurate infor-
mation should be forthcoming. Once the
needed data and procedures are available, lab-

- oratory analysis of soil samples may be widely

used for regulatory and quality control pur-
poses.

Efforts have been made to test building ele- .

ments as to their resistance to-termite attack. A
wood-cement composite structural building
board called “Century Board” (U.S. Patent
3,271,492 — 1966) has been field and labora-
tory tested and found to resist termite attack
(Allen and Dolan, 1970). In this case, the Port-
land cement coating on the wood elements
forms a physical barrier which the termites are
unable to-penetrate. o

Several experiments involving the use of
jasecticides added to concrete at the time of
mixing bave shown that this is an effective
method of rendering the surface of concrete
1oxicto termites. Gay and Wetherly (1959) sub-
stituted a 0.5 percent emulsion of dieldrin for
1he normal mixing water to prepare a termite-
proof concrete.

The insecticide did not affect the strength of
the conerete. A 75-percent dieldrin wettable
powder added to concrete so that the concen-
trations of the toxicant in cement blocks were
approximately 0.1 and 1.6 percent by weight
resulted in 100 percent mortality to native sub-
terranean termites exposed to the block sur-
faces for one minute a week after mixing (Allen

£2 WOOD DESTROYING INSECTS

etal., 1961). After 16 months, the newly cracked
surfaces of laboratory-aged mixtures were
equivalent in toxicity to the original surfaces of
new mixtures (Allen et al., 1964).

Since termites conceivably might tube over
the surface of insecticide-treated concrete be-
fore receiving a lethal dose, it was necessary to
test treated concrete for such tube building. R.
H. Beal (1971), of the U.S. Forest Service,
Southern Forest Experiment Station, Gulfport.
Mississippi, found in field tests that, after five
years, concrete blocks incorporating chlordane
at concentrations of 0.5 percent or more were
not tubed over.

Blocks containing as little as 1/8 percent
dieldrin were not tubed over. Such treatments
in actual structures should be equally effective.
Howeéver, at the time of this writing, chlordane -
and dieldrin are banned for any type of termite.

. control. Since the tested pesticides are no
. longer available, substitutes which areaseffec- -

tive will have to be found if this system is tobe
considered further.

Since termite shields were for many years
recommended for the prevention of subterra-
nean termite attack it is logical that some com-
ment be made on the current position of
termite control.specialists related to metal
shields. To put it quite bluntly, termite shields
have very rarely been of any practical value
against termites. Thisis primarily because they
were rarely installed properly. More often than
not, they were damaged or altered during the
construction process to the point that they were
alueless, even if they were properly installed.

Add to that the fact that they can be
breached by termites if they are left un-
disturbed long enough. The best that could be
said for termite shields is that they forced ter-
mites out into the open where they could be
seen. Because of the many practical problems
with termite shields, they are no longer recog-
nized as adequate physical barriers to termites.

R INSPECTION

Any structure built entirely or in part of
wood in areas where subterranean termites
occur should be inspected at least annually

-
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for active infestations, regardless of physical
and chemical preventive measures employed .
in its construction. Obviously, if no special
barriers were incorporated, the need forinspec-
tion is more critical.

Even the best physical barriers currently
employed may be breached by termites.
Very careful application of soil insecticides
is sometimes not effective in stopping ter-
mites under some circumstances. In addi-
tion, there may have been changes which
have occurred subsequent to construction
that have altered the integrity of termite bar-
riers. For example, one or more service or
repair persons may have left termite-prone
_ conditions. after working underneath or
around the structuré. The homieowner may
have disturbed treated soil or placed wood
on the ground near or-under the structure.
Vegetation may have grown over or through
_ chemical barriers to provide termite access.
Settlement cracks may have occurred in
foundation walls or concrete floors.

If property is inspected annually, very
Tittle serious damage will result from sub-
terranean termites before they are dis-
covered and treated. They work slowly
enough that their presence can be detected
and the infestation controlled before struc-
tural weakness in timbers could result. In
certain locations, or in certain conditions,
it might be reasonable to inspect twice an-
nually. Certainly, any situation of a
supicious nature should be investigated as
soon as it is observed, and reported by the
dbuilding occupant.

MTHE INSPECTOR

A good inspector for termites must be willing
and able to get into dark, dirty, hidden and
often confined areas of a structure. He must be
very conscientious and diligent in his examina-
tion because the evidence is sometimes very
subtle and difficult to detect with only casual
observations: In addition, he must have agood
understanding of termite biology, habits and

" capabilities, as well as being thoroughly famil-
iar with building design and practice.

N THE PURPOSE OF AN INSPECTION
An inspection should determine the presence

or absence of termites within the limitations of

generally accepted inspection practices. Obvi-
ously, an inspection that would give absolute
assurance of the presence or absence of ter-
mites would require the opening of walls and
foundations to gain access to all structural
members. This could easily cost more than an
actual termite control treatment. Since most
infestation will be revealed by careful visual
inspection and sounding of structural mem-
bers in accessible area$, this is the accepted
basis on which inspection reports are made.

~ Aninspection should determine the route of
entry used by any termites that are found. It
should also reveal conditions that are condu-

. cive to attack where none has yet occurred.

Where damage is found, its extent should be
determined and recorded. '

N THEE EQUIPMENT REQUIRED
There is some variation in the equipment re-
quired, depending to some extent on personal
preference, but also on the usual problems en-
countered in a given area. The most basic piece
of equipment is a good light. This usually
means one that is battery-powered, since cord-
supplied electric lights are of limited prac-
ticality in many areas of buildings. The light
must be reasonably lightweight and compact
because of the confined spaces which must be
reached. ' _
A hammer is essential in sounding struc-
tural timbers, but has little value or none at all
in examining finished wood. One or more
slender probes, such as a knife, an awl, an ice-
pick, ora screwdriver are used to test wood for
the presence of termite damage or to scrapein
narrow crevices to reveal termite shelter tubes.
A slender piece of spring steel or a hacksaw

“blade is needed to insert undemeath sills adja-

cent to possible dirt fills to determine wllether
thereis soil in contact with wood on thehidden
side. Protective clothing ii the form of
coveralls, bump cap and gloves is essential for
safety as well as hygiene.
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Some inspectors require such items as mas-
ons’ rubber kneepads and compact dust respi-
rators. Access to attics or other high areas
psually requires a strong 6-foot stepladder. }'-'i-
nally, a good inspector will have a measunng
tape for careful location of possible hidden
spaces and to pinpoint damage sites. A clip-
board and cross-section or grid paper complete
the equipment list. The latter items are for
reporting information and drawing a sketch of
the structure to show the location and types of -
infestation and damage. Electronic listening
devices and moisture meters will be of value in
some situations, but a discussion of their
proper use is beyond the scope of this manual.

M THE INSPECTION PROCEDURE

- For the inspection of structures in general,
there are four parts to be considered: the exam-
ination of the exterior, the interior, the attic
and the substructural area (basement or crawl
space). Before beginning the actual examina-
tion, the inspector should interview the occu-
pant of the house. The occupints’ obsérvations
on things such as damage seen, plumbing or
rain leaks, termite swarms, etc., can be ex-
tremely helpful.

M EXTERIOR INSPECTION

First, make a circuit of the complete exterior,

pacing or measuring the dimensions of the
structure and recording an accurate outline on
cross-section or grid paper. Include any attach-
ments such as porches, patios, etc. This will
enable you to more easily spot hidden, often
Inaccessible areas that might be overlooked
when making interior and substructure inspec-
tions.

Note and record on the building outline any
moist areas adjacent to the house and any evi-
dence of improper drainage which might create
dampness in the substructure. .

Check for the number, size, condition and
location of foundation ventilators. If thereisan
access to a crawl space, note whether it is wood
and whether the frame is in soil contact. Watch
for termite tubes between the frame and the
foundation. This is a common entry point for
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termites. .

Examine the entire foundation wall very
carefully. Watch for termite shelter tubes on
the surface. They are sometimes difficult to
spot if soil has splashed onto the surface or if
the tubes are in crevices, corners, etc. Look for
vertical cracks in the wall and check them care-
fully for termite signs.

Note any vegetation such as vines, trees,
grass, etc., in contact with the house or blocking
ventilators. Note any cellulosic materials, par-
ticularly lumber or firewood, thatis adjacent to
the foundation. Adequate space for inspection
should be provided or the obstructed area
should be noted on the report.

Note the distance between the exterior grade
and wooden structural members—including
doors and windows set in the wall and wood
siding. If there are decorative wood framed
attachments to the house such as pilasters,
arches, buttresses, etc., particularly if they are
finished with stucco, note whether or not they
are on foundations with adequate clearance. If
they are hollow, note whether or not there is

-access forinspecting the interior. Thisisa com=

mon termite activity center. If they cannot be
inspected, note the inaccessible areas on the
drawing. . ,
Particularly watch for earth-to-wéod con-
tacts and for wood embedded in or extending
through concrete. Check such areas very care-
fully, including carefully probing into the wood
surface to determine interior termite damage.

- . If the exterior of the foundation is finished

withstucco or plaster, check by pounding care-
fully below the top of the foundation for a
hollow sound indicating where basal stucco is
loose. Loose basal stucco provides hidden ac-
cess for termites and should be noted on the
drawing.

Where there are structures or slabs attached
to the main foundation, check for shrinkage
cracks at the point of contact and carefully
examing them for termite shelter tubes. If there
is an attached planter, watch for soil abgvc the
sill line and for hidden access for termites be-
tween the planter and the house. -

There are certain points involved with slab-
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on-ground construction that should be

stressed. These include more likelihood of in- -

adequate clearance between outside grade and
wood and of earth fills being in close proximity
10 wood. Where there is a high exterior grade
and loose stucco on a slab foundation, there is
reason for particular concern. Sometimes there
are access panels to plumbing under older slab
houses. These should be removed so thatunder
areas may be inspected.

In spite of the fact that the termites usually
criginate from the soil, donot forgettolookup,
particularly where Formosan subterranean ter-
mites are found. They often build shelter tubes
or extend carton material on the outside of
houses well above ground when they are work-
ing inside the walls. This happens less fre-
quently with native species.

Also, look for discolored or stained ‘areas
which might be a sign of decay froma rain leak,
which could also be an above-ground source of
water for subterranean termites. Use an exten-
sion ladder, if necessary, to make a careful
inspection above ground. Also, open and ex-
amine for termite signs the inside of any exte-

sior. electrical meter and fuse boxes set into.

walls: _
Finally, note any fence or gate posts that are
in contact with the soil and the house, particu-
larly if there is wood siding. Examine them
very carefully for evidence of termite activity
and for shelter tubes extending from them to
the house. - o
Record all of the information in-your report
and on the building outline as you go, so noth-
ing is left to memory and forgotten as you
evaluate the inspection later. )

M INTERIOR INSPECTION

Slab-on-ground construction is the most diffi-
cult type to inspect adequately for evidence of
subterranean termite activity. Most of the ter-
mite entry points on the interior are hidden by
ﬂogr coverings and interior finish and trim.
“This places a great deal of pressure on an in-
spector to make a very thorough inspection. A
positiveattitude and a willingness to try cando
much to reduce the limitations that would oth-

erwise result. _

The most critical areas to inspect are the
outside perimeter walls and areas over any
known or suspected joints or cracks in the slab,
especially expansion joints. The crevices be-
tween wood trim and the floor and wall are the
primary points to examine. A good light played
on the crevices or any area being inspected will
reveal any signs of shelter tubes or sealing with
soil or carton. If the crevice is large enough,
insert a slender probe into it and attempt to
drag out any soil, etc., that might not otherwise
be visible. .

Tap lightly on the surface of the baseboard,
shoe molding, etc,; to detect hollow sounds.
Should a suspicious area be discovered, dis-
creetly probe into'the surface with a slender,
pointed instrument to discover the extent and

" depth of damage. The.same procedure is fol-
lowed higher up on the walls inside of and

around built-in cabinets and around door and

-window trim: Even the ceiling-wall joint

should be examined, especially if it is covered
by molding. It is not uncommon for Formosan
subterranean termites to extend carton mate-
rial onto the wall surface when they are work-
ing inside. - e
This is less cammon with native species.
Sometimes the oifly evidence of termite activ-
ity on walls are ‘slightly raised areas on the

surface which crumble upon contact to reveal -

that termites have consumed the paper from
between the gypsum and the paint on p.laster-
:«:g’:i Wood fiber composition board is like-
iSe damaged, the evidence being as subtle as
that on plasterboard. Proceed in an orderly
fashion throughout the house so that no wall
section is overlooked. | .

Areas around plumbing and utility pipes, of
open areas in the slab for plumbing, are also
critical. If plumbing batches are removable,
they should be opened. Look not only for ter-
mite shelter tubes or carton material, put also
for evidence of leaks or condensation. An
above-ground moisture source can ?l[ow an
infestation to flourish, even if the soil is later
treated. Look for wooden form boards a.nd
stakes that may have been left in plumbing

-
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accesses through slabs and examine them care-
fully by probing and prying them out.

Finally, check floor coverings, including all
types of carpets and tiles as well as wood. Look
for slightly darker areas or split or raised areas
on wood. Sounding, probing and discreet pry-
ing up small splinters where damage is sus-
pected will serve to locate termite activity in
wooden floors. Where carpets are concerned,
the usual evidence is holes which have resulted
from the termite consumption of the vegetable
fiber carpet backing, leaving the wool or syn-
thetic fibers loosened to be picked up by the
vacuum cleaner.

Typical carton and soil material is found in
the exposed opening. Termite damaged mem-
brane floor coverings and tiles show irregular
sunken areas where pressure has been exerted
on them. Termites tunnel between the mastic

. .andthe top surface of a few types of such cover- -

'ings, particularly linoleum. )

Interior inspection of craw! space construc-
tion is not nearly so critical as with slab-on-
ground. Evidence is usually more abundant in
the crawl space than on the inside of the house,
so damaged areas not found inside will likely
be discovered in subsequent crawl space in-
spection. Inspection of the same general areas
and in the same manner as those described in
slab construction are the rule here as well.

It is probably not necessary to spend the
same amount of time in this type as in slab
construction. Concentrate on areas next to

" raised porches, terraces, planters, etc., where
the soil line on the outside might be high. Also,
areas around plumbing should be carefully ex-
amined, particularly for leaks. - .

Basement construction presents a combina-
tion of both slab-on-ground and crawl space
inspection requirements. This is particularly
true when the basement is finished. Inspection
of the first floor of such a house is described for

crawl space construction. Basement inspection -

will be covered with substructural area inspec-
tion.

MATTIC INSPECTION

Subterranean termites are not foundinatticsas
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often as they are in other parts of structures,
However, no inspection should be considered
complete without a close examination of attic
space. It is not uncommon to find shelter tubes
of subterranean termites in portions of the attic
directly above earth-filled porches, hearths and
closed-in concrete porches or patios.

The entire perimeter of the house should be
inspected in 2 manner which will allow exami-
nation of the roof, wall and ceiling members
which can be seen from the attic, Also, inspect
around chimneys and plumbing vent pipes
that penetrate from below. If there are rain
leaks, particularly where there are flat roofs,
subterranean termites will nest entirely in the
attic space and work their way down into the
wood of the structure. Watch for this pos-
sibility. There are ‘often many things that can
limit the ability of an inspector to make an
adequate inspection of an attic.

In many areas, blown insulation obstructs
the view of much ofthe wood. Sometimes there
islittle clearance in attics of low-pitched or flat-
roofed houses. Excessive bracing may make
inspection very difficult or impractical. Be sure
to note any such limitations to visual inspec-
tion and sounding of wood. Should there be no
access to an attic space, estimate its ac-
cessibility from the exterior and recommend
the construction of an access opening if it
seems practical.

E SUBSTRUCTURAL AREA INSPECTION

Crawl space inspection is probably less difficult
than many attic inspections, but it is neverthe-
less often not given proper attention. It in-
volves crawling over broken bricks, chunks of
concrete and other hard, sharp objects. It may
be dirty and damp and confined in many areas.
These conditions discourage careful inspection
by poorly motivated inspectors.

Since subterranean termites can be detected
more easily in crawl spaces than in other areas,
itis an important portion to examine carefully.
The size of the house will determine how }he
inspection should be carried out. Keepin gund
that all perimeter foundation walls, all pillars,
allinterior bearing walls, all chimney bases and
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hearths, and all pipes making contact between
soil and wood must be inspected. This might
well mean making several trips back and forth
across a crawl space in order to get a close look
[no more than 10 feet (3 m) away] at all areas.

A good light can help reduce some crawling,
but it is important to get close enough to see
evidence that may be obscure. Having already
examined both the exterior and interior, the in-
spector should have certain strategic pointswellin
mind. These sually will be the location of earth-
filled porches, patios, planters, damp areas,
bathrooms and water-connected appliances.

Proceed in a regular pattern along founda-
tion walls, around piers, underneath
bathrooms, etc. Note the surfaces of the foun-
dation wall and other masonry for shelter
ubes. Check the wood on top of the founda-
tion, piers, etc. for shelter tubes. Whenever
they are found, try to trace them to their origin
so that the point of contact with the soil or the
moisture source may be determined.

Look for shelter tubes between the founda- -

tion and the sill, between the joists and thessill,
and in any crevices or corners created by the
joining of structural members. If double joists
or laminated beams are involved, shine the
light as deeply as possible into the crevices
between the components to look for termite
shelter tubes where the joist or beam contacts
the foundation. ,

If it is not possible to see into such crevices,
insert the thin probe or blade into them as deeply
as possible in an attempt to dislodge any termites
or their workings that might be present. Sound-
ing and probing, with a good light to illuminate
the area being examined, are critical. - .

As the inspector moves from one area to
another, he should watch for wood debris, tree

_ stumps, form boards and wooden stakes on or
in the soil. Wood supporting plumbing lines or
heating ducts should be inspected for infesta~
tion. Any such termite sources should be.re-
ported. '

Areas around bathrooms, kitchens and sites
of water-connected appliances should be ex-
amined carefully for signs of termites and
water Jeaks that might allow them to survive

above ground. Examine the pipes making con-

_ tact with the wood or passing through the foun-

dation wall to deterine whether termite tubes
are on them. :

During the course of the inspection, note
any areas where clearance is less than 18 inches
(45 cm) between the bottoms of floor joists and
the soil and less than 12 inches (30 cm) between
wooden beams and girders and the soil. Provi-
sion of adequate clearance is part of treatment,

_ so the area involved should be carefully indi-

cated on the diagram. Should any areas be inac-
cessible to inspection because of low clearance
or foundation walls with no access openings,
note these carefully on the report.

Basements may be easier to inspect than
crawl spaces, but they incorporate features that
require special consideration. A basement, if
finished so that masonry or concrete walls are
obscured, is inspected much as is slab-on-
ground construction. When the basement is
unfinished, or only roughly finished, a slightly
differeiit technique is involved.

The primary points of inspection. are the
base of the foundation wall at the junction with
the floor and the top of the wall where wooden
structural members rest on it. Look for termite

shelter tubes on the wall, usually emerging’

from the floor joint. Inspect the plates of
wooden partition walls and the bases of
wooden support posts and stair carriages.
“Note whether or not the wood is embedded
in the concrete and probe very carefully if itis.
Examine built-in wooden cabinets, shelves,
etc. that are in contact with foundation walls
or over slab joints or cracks. If there are
wooden windows and doors set in the walls,
examine the joints and crevices around them
and sound the wood for hollow, damaged

areas.

Ifthere isa closed ceiling ina basement, itis
not possible to examine the wood resting on
top of foundation walls unless: the ceiling is
composed of suspended panels. In such acase,
panels near the perimeter of the building
should be lifted to allow inspection of sills,
joists and beams resting on the wall, The in-
spection procedures described for crawl space
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construction apply here. Where this part of the
_ structure cannot be inspected, note the inac-
cessibility on the report. .

Termites also enter basements around
plumbingand utility lines that pass through the
floor or the foundation walls. Look for evi-
dence of termites and for water leaks in these
areas.

All other aspects of the inspection would be
as described for crawl spaces.

@ INSPECTION OF GARAGES AND
STORAGE AREAS

Although garages and storage areas may be
separated from the house itself, they should be
inspected. One of the problems often encoun-
tered in an inspection is that stored materials

may obscure the view or the access of the in- .

spector. All wooden members resting on the
foundation should be inspected. Shrinkage
cracks between concrete floors and foundation
walls provide easy entry for termites. Voids in
concrete block or brick foundations also allow
termite entry. ' '
Ifconcrete foundations have vertical cracks,
they become vulnerable. The same exterior
conditions observed in other areas may occur
around garages and storage areas. Watch for

inadequate clearance between grade and wood

and for termite tubes on the outside of the
foundation. Piles of trash or stored firewood or
lumber adjacent to outer walls are also hazards
‘to note.

N CONTROL

When a careful inspection has revealed that
termites are infesting a structure, or that condi-
tions exist which probably will lead to eventual
infestation, control measures should be taken.
The purposes of such measures are to imme-
sliately terminate damage to the structure and
its contents and as completely as practical, to
provide the equivalent of the proper design,
construction and preventive treatment that
could have been incorporated at the time the
building was erected.

In practice, control measures tend to be
based more on chemical treatment than on
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structural alterations. However, chemical
treatment and mechanical alteration are both
essential phases of termite control, and should
be used in proper proportion.

The extent of treatment provided should be
based on several factors. First, the type and
quality of the construction involved is an im-
portant consideration. Some types, as dis-
cussed under “Good Design,” are much more
resistant to attack than others. The care with
which the building was constructed, assuming
good design, is also critical.

Second, the incidence of termite infestation
varies from one area to another. If termites are
rare in the location in question, a very minor
amount of treatment may suffice; in other
areas, the most complete treatment may hardly
be satisfactory. Finally, economic considera-
tions of the property owner must be incorpo-
rated into the decision. The purpose of
treatment is to-reduce economic-loss. Simply.
put, the cost of treatment designated should -
not be out of proportion to the value of the

- property being protected.

M MECHBANICAL ALTERATIONS

Mechanical alterations, as related to termite
control, have been defined (Rambo, 1980) as:

* anymechanical measures whichrendera struc-:

ture less susceptible to termite attack or which
render the immediate surroundings of a struc-
ture less favorable for termites. These mea-
sures include sanitation, breaking earth-to-
wood contacts,-installing physical barriers to
tgrmites, replacement and repair of damaged
wood, providing adequate drainage, clearance
and ventilation, and providing access for in-
spection of all vulnerable areas.

The discussion of mechanical alterations
and the following discussion of chemical
control will be of a very general nature. It
would not be practical, or even necessary, 10
provide detailed informationon suchacom-
plex subject. An excellent and definitive ref-
erence on the subject “Approved Reference
Procedures for Subterranean Termite Con-
trol,” published by the National Pest Con-
trol Association (Rambo, 1980), provides



1he details needed by those interested.

M SANITATION

Sanitation, as used here, appliesto the removal
of all wood, paper and other cellulosic debris
from the soil under or near the house. Itis quite
common for wood scraps to beleft under build-
ings during construction. Property owners
sometimes store firewood or lumber on the
ground under or next to the house. This mate-
rial provides an easily available soure of food
for termites and sustains the colony until they
can forage for new sources, including the struc-
ture itself.

M CTHER SECHANICAL ALTERATIORS

“The other procedures _include& in this category
are more nearly associated with structural im-
provements that wiltincrease resistance to ter-

mite entry, or will make termite activity more

easily noticed. For example, a structure may
have wooden members extending below con-
crete floors or in contact with the soil. These
members should be cut off and concrete or
masonry installed to support all wood above
adjacent floor slabs or soil. The reader will
recall that clearances of this type were dis-
cussed under the heading “Good Design."”

Farth-filled appurtenances (suchas porches)
which abut foundations are a major source of
termite entry. One of the best ways to correct
this problem is to-provide ventilation and per-
mit access for treating and for inspection by
constructing a tunnel to remove earth which
contacts wood. An alternate method, often
used on the West Coast, is to place a barrier of
concrete, called a “seal-off, betweer the earth
fill and the framing of the building proper.

In some cases the grade may be lowered to
provide clearance between wood and soil. The
construction of concrete or masonry gutters in
an excavated trench below wood siding is an
example. In other cases soil should be removed
from crawl spaces with clearance less than that
recommended. . :

Additional foundation ventilators often are

needed to provide the recommended amount
of net free ventilation area and to reduce dead -

air spaces. A vapor barrier applied to the soil

surface can be used instead of additional ven- .

tilators in most cases.

Where drainage is a problem it can be han-
dled in many ways. The construction of retain-
ing walls and the excavation of soil to increase’
the flow of ground water away from houses is
sometimes feasible. Simply directing roof
water into drain lines emptying downgrade
might solve the problem..

Providing access for thorough inspection
and treatment is a very common necessity,
especially when additions have been made to
the original structure, *

j CHEMICAL TREATMENT OF THE SOIL

- As indicated previously, chemicals are proba-

bly the most important factor in corrective
termite.control in all parts of the country.
The insecticides, concentrations and appli-
cation rates are .the same for control as for
pretreating. The methods of application to soil

- in crawl spaces and adjacent to the outside of
foundations are essentially the same as in pre- -

treating. A combination of shallow trenching
and grout rodding to the footing is the most

common method. The thoroughness of disper-

sal is still the essential feature.

The treatment of slab-on-ground construc-
tion, or of dirt-filled extensions of raised con-
struction, presents the greatest challenge to the
termite controller. These types of construction
are the most expensive to treat and are less
certain of protection by the treatments than
arly others. The best way to treat the soil is by
drilling a series of holes vertically through the
slab. The holes should allow injection of the

chemical into the soil belowall joints, cracksor

openings around plumbing. . .
The proper distance between holes is deter-

‘mined by the type of soil, its moisture content,

and the experience of the applicator as'treating
proceeds. Again, the chemical barrier must be
complete in order to be effective. The advan-
tage of vertical drilling is that the chermm} may
be flooded over the surface of the soil. Itisnot
uncommon for a space, due to soil settlement,
10 exist below any slab construction other than

-
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FIGURE 2-14. Treatment under
concrete slab with vertical
rodding at joints, cracks and
openings around plumbing.

Treated Soil

ANNNRE!

Treatment Rod Insertions

floating slabs.
Termites may build tunnels over the bottom

of such slabs from areas quite removed from '

joints or cracks. When such spaces are present,
this requires rather extensive chemical treat-
ment on the fill surface to reduce termite entry
above treated soil. Special rod tips are available
for this purpose. By using a grouting rod, the
chemical also may be injected as deeply as
_needed into the soil to saturate it to the footing,
etc. (Fig. 2-14). -

In drilling vertically through slabs, there are
hazards of drilling through radiant-heat pipes,
hotairducts and plumbing, or the possibility of
ruining a vapor barrier, as well as the expense
and liability incurred in removing tile, parquet,
etc. To avoid these hazards, many applicators
prefer to treat under slabs by drilling horizon-
1ally through the foundation at.a height that-
allows rods to be inserted immediately below
the slab. .

This method is inferior to vertical drilling
because there is very little downward move-
ment of the chemical below the application.
point except in very loose, sandy soil. Also, if
the holes in the foundation are too low, there
maybe untreated soil above the point of appli-
cation. .

.Horlzontal rodding is accomplished by
using long treating pipes [up to 20 feet (6 cm)
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long] which are inserted and pushed through
the fill as the chemical is applied. If they remain
in the proper horizontal and vertical plane,
accuracy of application is good. Unfortunately,
such long pipes are sometimes deflected in the
soil and may move into areas far removed
from those anticipated. - .

A series of horizontal holes at rather close
intervals will allow “short rodding” by insert-
ing rods only a short distance into the fill and
injecting the chemical to flood the'soil between
the application points. This method also has
the disadvantage of not ensuring deep treat-
ment below the point of injection. Most slab-
on-ground houses present situations that pre-
clude using either long rods or-short rods ex-
clysively. Figure 2-15 shows a typical example
of a plan of rodding.

M TREATMENT OF FOUNDATIONS

Tt was mentioned in the discussion of foundation
types and their resistance to termite entry that
termites use voids in foundations and flaws in
footings to pass from the soil to the wood above
the foundation. They often are able to accom- .
plish this completelyundctcctcdwhenthereisno v

physical barrier to force them into the open.
Foundation treating of existing structures re-
quires that the chemical be injected into all voids
in the foundation wall, piers, chimney bases, etC.,

.
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at or near the footing.

The chemicals, concentrations and rate of
application are the same for treating existing
structures asin pretreating. With some founda-
tions the voids may be very regular and pre-
dictable, as in the case of hollow concrete
blocks, coursed bricks or veneers. They also
may be disconnected and irregular, as in the
case of some brick foundations and rubble
stone foundations. The treatment is applied by
drilling enough holes deep enough and close
enough together that the chemical will reachall
parts of the footing surface.

Drilling should be as near the footing as is
practical so that most of the insecticide reaches
the footing instead of being absorbed on the
surfaces of the masonry units. The primary
purpose of treating the foundation voids is to
puddie the chemical on top of the-footing s0
that it may seep into any faults and treatthe soil
beneath.

W TESLTIENT GF WWCOD

In the past, this has been a very minor step in
subterranean termite control, but it has a real

~place in modern control procedures. Most of

the termiticide used for soil treatment can also

_be applied by injection into wood. In addition,

there are a2 number of other compounds and
formulations that are marketed for this pur-

_ pose. Label directions indicate that small di-

ameter holes should be drilled at intervals into
wood infested by termites and the insecticide
injected with tapered nozzles under pressure
into the termite galleries discovered. ,

Another product, containing the active in-
gredient sodium borate (Bora-Care), has re-
cently been registered for teatment of wood in
place. It is applied by brush or spray and when
the recommended volunie has been applied, it
penetrates throughout the wood. This provides
permanent treatment if the wood is not ex-
posed to wetting.

The purpose of these treatmén{s is to’

quickly kill the termites which would other-
wise be cut off from the soil by the -chémical

barrier there. If there is sufficient moisture in
the wood,. these termites might survive long

_ enoughto findan alternate source of moisture

above ground and continue their damage. This
procedure has special importance when treat-
ing for Formosan subterranean termites, which
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fill construction cavities with carton which
holds moisture for long periods, even without

an above-ground water supply. Also, if swar-

mers are present in moist wood, they may
swarm out as much as 6 weeks after the soil has
been treated and create questions about the
effectiveness of the treatment.

Another use of this procedure occurs when
there is a well or cistern in the crawl space and
the soil cannot, according to the termiticide
labels, be-treated. Wood treatment provides
some protection, even though it cannot replace
soil treatment.

There are also times when subterranean ter-
mites have established a colony in wood with-
out ground contact when there is a rain or
. plumbing leak to provide a constant supply of
moisture. In addition to stopping the moisture
source, treating the infested wood will speed up
.the control of the termites. - . . .

The use of chemically-treated wood in re-
pair and in replacement of damaged wood is
also considered as part of the control process.
The application of spray- or brush-coats of in-
secticides onto wood, except for the borate salt
solution mentioned above, are not effective for

termite control. Primarily wood that has been
pressure-treated with standard chemicals by
standard procedures should be considered
useful. Whenever such wood is cut into or
sawed, the exposed surfaces should be retre-
ated with two brush coats of wood preser-
vative. -

Other methods of subterranean termite con-
trol have been tried in the past, and some new
ones are being investigated. To complete the
picture, we need to look briefly at thein, i

NMOTHER TERMITE CONTROL
PROCEDURES )

Fumigation has been tried for the control of

subterranean termites, but it generaliy hasbeen °

unsatisfactory, except for the control of aerial
{(no ground contact) infestations of Formosan
subterranean termites. Methyl bromide and
sulfuryl fluoride (Vikane) are both used suc-
cessfully. Formosans require about four times

the dosage of Vikane needed to control dry-
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wood termites, which will be discussed later.

Arsenical dusts blown into shelter tubes
have been successfully used to control sev-
eral species of termites in Australia, but this
procedure has not met with success when
tried against our native species. No exten-
sivetesting has been attempted, and with the
present concern over the toxicity of arsenic,
none is likely.

Many laboratory studies have demonstrated -
the possibility of controlling subterranean ter-
mites through the use of pathogens. Both bacte-
ria and fungi have been toxic to termités, but no
field trials have yet been successful (Lund, 1971).
The interest in this approach to control has con-
tinued (National Science Foundation, 1975;
Zoberi and Grace, 1990) and may yet lead to

- some practical success.

"Therelationships of ants with termites have
been studied. Though ants are considered to be
among the major natural enemies of subterra-
nean termites, studies have shown that not all
species are antagonistic. Some species, how-

ever, have been reported to destroy coloniesof ~

termites (Beard, 1973). It is conceivable that
manipulation of ant colonies might be used as
an applied biological control measure against |
termites in situations where the ants would not
be undesirable. o
Two companies have marketed a species of
entomogenous nematodes (Steinernema feltia
Filipjev) known to infect and kill subterranean
termites. Because they are not chemical
pesticides, the EPA did not require their regis-
tratfon. Laboratory and field tests conducted
by the USDA Forest Service Gulfport labora-
toryindicate that these nematodes do not elim-
inate or control termites when applied in the
prescribed manner (Mauldin and Beal, 1989).
You may recall that termites communicate

. by laying down a pheromone trail. The active

substance in this pheromone has been suc-
cessfully synthesized and tested with several of
our native subterranean termite species, as well
as with the Formosan subterranean termite.
They all responded positively, though to vary-
ing degrees (Matsumura, et al., 1972). The fact
that it is possible to produce a single synthetic

-
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pheromone that acts strongly on several spe-
cies of termites offers 2 possibility for practical
field application.

A new approach to subterranean termite
control was introduced when the use of poi-
soned blocks of wood which are acceptable to
sermites was found 10 be practical by Esenther
and Gray (1968) and Esenther and Beal (1974).

Beard (1974) modified their technique and had
" encouragingresults.In general, the system con-
sists of ureating wood bait blocks with a slow-
acting insecticide such as Mirex, and exposing
1he blocks in the vicinity of termite activity.

In most of the tests, the bait blocks had been
partially decayed by fungus known 1o beattrac-
tive to termites. The use of decayed blocks
increased the feeding by termites and probably
speeded control. The excretion of Mirex-poi-
soned fecal material and the eventual disin-
tegration of dead, poisoned termites added to
1he chances for physical contact with the poi-
son in the workings. In the tests which were
cited above, there wasa significant reductionof
1ermite activity or actual death of individual
colonies. The amount of insecticide exposed in
the environment by this method is extremely

small. Mirex is no longer on the market dueto

environmental concerms.

There has been a concerted effort to find a
replacement toxicant. This has become. much
more important since the spread of the
Formosan subterranean termite. They haveex-
tremely large colonies spread over a large area
<o it is difficult to control them. If a non-re-
pellent, slow-acting termiticide could be found
10 incorporate into the bait-block control pro-

it might be possible to eradicate entire
colonies. The USDA Forest Service has con-
dncted a number of laboratory and field studies
(Mauldin et al,, 1985; Jones, 1988) as well as
some university researchers (Suet al., 1985; Su
and Scheffrahn, 1990). Many of the candidate
{oxicants have been insect growth regulators
which tend to cause an over-population of sol-
diers and/or presoldiers and, at some levels,
canse the death of the termite gut fauna, re-
sulting in their starvation.

So far, none of the field tests have provided

.

adequate control. The search continues, using
new slow-acting materials as they become
available. Anexample is GX071, belongingtoa
new class of delayed action insecticides, the
fluoroaliphatic sulfones (Su and Schefirahn,
1988). Laboratory tests with this material are
encouraging and field tests will follow.

Physical control of subterranean termites
hasbeen unsuccessfullyattempted through the
use of termite shields, as indicated previously.
Recently, there has been renewed interest in
this method because of the rediscovery that
precisely-sized particles of sand and gravel will
prevent tunneling by subterranean termites.
When Ebeling and Pence (1957) first dis-
covered the phenomenon, it was not pursued
because of the availability of cheap and effec-
tive soil toxicants.

Astighter restrictions on the use and avail-
ability of termiticides have developed, new
interest in the technique has emerged. Ebel-
ing and Forbes have developed a system for
using a layer of 12 grit (2.5-1.6 mm) sand-
blasting sand to form 2 barrier against the
western subterranean termite adjacent to
house foundations. In Hawaii, researchers

‘have determined; that basaltic particles. in

size ranging from 1.7 to 2.4 mm will prevent.

the penetration of Formosan subterrancan
termites. Ebelingand Forbesindicate thatthe
smallest particles are {oo large for the ter-

mites to push aside; and the largest particles.

are hot large enough to allow these insects to
craw] between them. “Tamping the sand in
place improves it effectiveness. We may well
see this technique grow in its use.

DRYWOOD TERRMITES

Wherever drywood termites are considered to

be a major problem, serious consideration _

should be given to takin all economically fea-

southem CO: i
and the Caribbean area. Because these termites
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are of secondary importance in most areas
where they generally occur, there has been less
research done on methods of prevention and
control than on the more important subterra-
nean type.

Incipientinfestations that are transported in
infested articles outside their natural distribu-
tionareas do not pose serious threat of damage.
Wherever they occur, outside of the high haz-
ard areas mentioned above, their presence is
more of a nuisance than a serious threat of
rapid structural damage. Of course, they
should not be ignored whenever they are dis-
covered, but the extent of prevention and con-
trol measures should be geared to the actual
potential for damage and the value of the prop-
erty being protected.

N PREVENTION

It is neither as practical nor as economical to
--prevent drywood termite attack as it is to pre-
vent subterranean termites. There are, how-
ever, several measures that can be taken to
reduce the chances of attack. The effectiveness
. of these measures is variable, and probably
none of them used alone would be sufficient for
entirely effective prevention. A discussion of

the various measures and their effectiveness

follows. - :

M SANITATION

The very careful examination of any article of
furniture, wooden crates, cellulosic building
materials, etc. will help prevent the introduc-
tion of an existing infestation into a house un-
der construction or into one already existing.
Early infestations are difficult to discover, so
thoroughness is essential,

In addition, it is helpful to examine all po-
tential outdoor infestation sources nearby and
1o remove as many as possible, including
stored lumber, firewood, scrap lumber, ordead,
branches or scars on living trees near the struc-
ture. Since it is common for drywood termite
swarmmtobemrriedbythewindandtobc
attracted by lights when they swarm at night,
this preventive measure is of limited value, In
general, the older the neighborhood housesand
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the more old trees present, the more liability to
infestation exists.

R EXCLUSION

In the past, some authors have recommended
screening vents to attics and crawl spaces to
exclude drywood termite swarmers (Snyder,
1969). This is not satisfactory, since the screen-
ing must be 18 to 20 mesh to exclude the ter-
mites. Even when new, mesh of this small size
greatly restricts normal movement of: air,and it
very quickly becomes clogged with dust and
cobwebs.

Keeping a good, continuous coat of paintor
varnish on all outside wood surfaces and keep-
ing all cracks and joints tightly caulked might
help some in preventing establishment of new

.infestations. Although drywood termites cin

penetrate through a flat surface, they much
prefer to wedge themselves into a crevice to i

- start'boring. There are so many routes of entry .

other than exterior surfaces, however, that
painting and caulking should not be relied-
upon very heavily. Drywood termites can enter
under siding, through wood shingles, or be-
tween and underneath shingles or tiles and
sheathing.

B CHEMICAL TREATRIENT CF WOOD

There have been reports of the successful pre-
vention of drywood termite infestation in
framing timbers by soaking the timbers in vats
of wood preservative before construction. Oth-
ers have suggested spraying or brush-coating
allof the wood framing in a structure afterit is
erected but before it is closed in. Until recently,
these preservatives have been organic chemi- -
cals which penetrated only the outermost por-
tions of the treated wood.

Wood treated with organic preservatives.by
dipping or spraying before construction begins
requires the brush application of preservative to
each cut or notched surface in order to maintain
the barrier against termite entry. The bora}e salt
solution (Bora-Care), mentioned in the discus-
sion of subterranean termite control, is also
available for drywood termite control. It canbe
applied afier all the cuts have been made in the
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wood and the structure is at the “dried in™ stage.
Since it diffuses deep into the wood and does not
leave unless leached out, it offers a great measure
of protection for wood that is used in protected
locations. These methods have not, until now,
been in wide or general use.

Pressure-treated wood is protected against
drywood termite attack. Its use for all framing
members, and possibly even for sheathing,
subflooring, exterior doors, windows, and exte-
rfior trim, might well be justified in the high
hazard areas mentioned previously.

Even with this method, there are limita-
tions. Every place on the surface of pressure-
reated wood that is cut, bored, notched, or
* split during the construction process-must be
retreated with a brush or spray application of
the preservative. The difficulty of ensuring ade-

quate treatment of suchplaces has beenagreat -

limitation to the value of pressure-treated
wood in the prevention of drywood termites.

X DESICCATING DUST APPLICATION

Certzin fluoridated silica aerogel dusts (Dri-die
67) have been found to be effective in preventing
_drywood termite attack. Ebeling and Wagner

(1964) described 2 system of applying such dusts

during construction in attics, crawl spaces, and
wall voidsto prevent drywood termites. Thesilica
aerogelhasamonomoleaﬂarlayg:r ofammonium
or magnesium fluorosilicate which gives it an
electrostatic charge, resulting in a more efficient
deposit on dusted surfaces and efficient “pickup”
by insects crawling over them.

Insects are protected from desiccation by a
very thin waxy layer on the surface of their
external skeleton. Sorptive dusts, such as the'

silica aerogels, absorb enough of the protective

wax layer 1o cause a lethal rate of water loss.
For termites, only a barely visible film of such
dust is necessary to protect wood.

The dust is applied at the rate of 1 1b. pe;;'

1,000sq ft (0.45 kg/93 sq m) to attic spaces. An
e.lccu-.m dust blower or a water-type fire ex-
uggu;s.her, commercially available for the ap-
p}xcauon of insecticide ‘dusts, is used to
disperse the dust in a high velocity airstream.
The unusually light weight of this dust allows it

to coat wood surfaces evenly throughout the

. atticandintoits extremities. Under-area fram-

ing is likewise treated. Ebeling and Wagner
(1964) also encouraged the application of fluo-
ridated silica aerogel to wall voids at the rate of
about 1.25 1b per 1,000 sq ft (0.57 kg/93sqm)of
floor space. Since this type of dust is inorganic,
it should not deteriorate and should be effec-
1ive for the life of the building. In addition to
killing drywood termites, it is lethal to many
otherinsect pests that inhabit the treated areas.

M USE CF STEEL OR CONCRETE
CONSTRUCTION -

The use of steel, concrete, stone, or brick in

construction offers excellent protection from

drywood termites. This type of construction

will not, however, prevent infestations of

wooden trim and built-in fixtures or of wooden

" fumniture inside the buildings.

M INSPECTION

Structures should be inspected annually forthe
presence of drywood termites. The longer they
have infested a building, the more difficult
their control. At first their galleries are ex-
tended rather slowly and may be easily acqessi-

ble for treatment. Later thiey may extend their

workings into framing within walls, and con-

trol becomes much more difficult and more

expensive.
Many of the same principlesand procedures
discussed under inspection for subterrancan

termites apply equally for drywood termites.

ThE same equipment is used and the same

areas are inspected. There are enopgh dif-
ferences in specifics, however, to require Some

detailed discussion of them. Be sure to record:
all damage on the outline of the structure as
you proceed. _ .
The extent of drywood termite infestationin
a building needs to be determined as fully as
possible. An appropriate control method can
onlybe chosen when the extent of infestation1$
known. Unless 2 general fumigation of the
whole stmctureisplanned,the extentof eaclz of
the one or more infestations in the building
needs to be carefuly de imited for treatment.
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Only in this way can less than complete
fumigation produce satisfactory control.

M EXTERIOR INSPECTION

As with subterranean termites, it is important
to make an accurate diagram of the structure.
Careful measurement of outside dimensions
will reduce chances of overlooking inaccessible
or hidden portions of the building. It becomes
even more imporant to observe the roof struc-
tere and any dormers, new extensions, etc.,
that might not be accessible from the main attic
space.

The inspector should move around the
structure slowly while observing the sides of
the house from roof to ground. The roof eaves,
rafters, and trim should be closely observed for
evidence of damaged wood, and especially
should be checked for fecal pellets dropping
from above. Pcllets will be too scattered to be
observed on the ground, but they are often
canght in spider webs and on ledges. It may be
necessary to use a ladder to closely observe
areas high on the side of the house.

If there is wood siding, it should be carefully .

examined for areas of damage and for pellets.
The same is particularly true for window
frames, sills, and sashes, which are quite vul-

" nerable to attack, especially where the exterior
of the house is stucco, masonry, or non-
cellulosic material. A meter box set into the
side of a house should be opened and examined
on the interior for the presence of drywood
termite fecal pellets. .

The foundation of the housé-needs careful
inspection if ventilator openings have wooden
frames that might be infested. A wooden access
and its frame also should be carefully checked
for drywood termite damage. If there is a
plumbing inspection door set into the founda-
tion of a slab-on-ground house, open it and

inspect for evidence of drywood attack in any
wood involved. )

MINTERIOR INSPECTION

The occupant of the house should be carefully
ques_tioned as the interior inspection begins.
Asking about any areas of damage or sus-
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picious looking areas might well speed up the
process of locating termite activity.

Proceed in a logical order when inspecting
eachroom, so that no area is overlooked. Start-

. ing at the door, examine it and its frame and

trim very carefully for signs of drywood termite
damage. Sound it very carefully with the han-
dle of a probe or with your knuckles. Look for
fecal pellets that may be in crevices or in more
conspicuous places beneath the place where the
doorstands open, if itisan interior door. Move
to the baseboard in a clockwise or counter-
clockwise direction.

The baseboard on the perimeter walls of
houses is a common site of infestation. If there
is a wooden floor, examine it carefully as you
proceed. Notice whether or not there are any
“oddly” placed scatter rugs, tables, etc. If the
house is for sale, especially, the owner is not
likely to go out of the way to disclose damage.
The unusual arrangement may be covering up
floor damage. If damage is found in flooring,
note its position carefully on the diagram so
that, if there is a subarea to be inspected, the
underside may be more thoroughly examined.
Window sills are an excellent place to look for
fecal pellets indoors. Also examine any mold-
ing at the ceiling. If there are wood fiber com-
position eeiling panels, they can be infested,
and also should be carefully examined. The
evidence may be very subtle and will require
very careful inspection. Sound and probe to
delimit any infestations discovered.

_In the bathroom area, find and remove the
plumbing inspection panel. Look inside for
éywood termite pellets. The kitchen also re-
quires some special attention. Built-in cabinets
are often infested. In addition to examining
them externally, remove the drawers and open
the doors to look inside. Termites often infest
the counter tops on theirundersides, solookup
as well as for pellets on shelves. Look at the
floor covering to see if there is evidence of
damaged flooring underncath that may have
givenwayinsmallareasandleﬁsmall.img»
ular depressions in the linoleum or tile. Record -
any suspicious areas so that they may be in-
spected on the underside.
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‘Places that are warmi, such as enclosures
around hot water heaters or trim around wall
furnaces, should be very carefully checked for
termite activity.

Exposed beams, wood paneling, and par-

quet flooring are also subject to attack and
require special attention.

Wooden furniture and other articles are
often the source of infestation indoors. Be sure
10 examine underneath them for signs of pel-
lets. If a piece of furniture is infested, check the
wood floor under it to see if the infestation has
moved down into it.

W ATTIC INSPECTION

Upon entering the attic, look over the entire
area below the roof rafters, ridge pole, etc., for
any accumulations of fecal pellets. Move
~around.the perimeter of. the building at the
junction of the roof rafters and the wall plate.
Notice particularly whether there are pelletsin
this area. Any evidence here probably means
1the infestation is also in the wall below, Exam-
ine all rafiers and the ceiling joists below ina
pattern that will not allow any to be over-
looked. Check the top plates of all partition

. valls and all support framing between rafters .

and joists. Use a hammer to sound the wood
and a probe to explore suspicious areas for
cavities.

. "Heavy piles of termite pellets can mean that
thereis extensive termite activity in the areaor
it can mean that carpenter ants have moved
intotermite galleries and are removing the pel-
lets 1o enlarge their nest area. Probe into wood
when this condition is found so that the insects
involved can be determined. - -

If portions of the attic are inaccessible for in-
spection, make a note on the diagram and recom-
mend that access be provided. Inaccessibility can
‘be cansed by anything such as roof extensions,
firewalls with no access doors, carports, dormers,
etc. When a complete attic is inaccessible due to
lack of an accéss opening, determine whether or
not there is sufficient space between the roof and
‘the celling so that it can be inspected. If so, recom-
mend that access be provided before an inspec-
tion report is completed.

»
Many attics have blown-in insulation be-
tween the ceiling joists. This limits the inspec-

" tor’s ability to make a complete inspection and

should be noted on the report. Termite pellets
can be seen on top of the insulation when they
fall from above, so the remainder of the inspec-
tion can proceed as usual.

M SUBSTRUCTURAL AREA INSPECTION

Inspection of crawl spaces for drywood ter-
mites primarily involves examining the sills
and joists at the perimeter of the building. Pel-
lets often accumulate on top of the sill or on the
soil below. d

Ifthe wood floor on the interior of the house
isinfested, look carefully at the subflooring and
the floor joists below it for additional damage.

Basements that aré unfinished are inspected

much like crawl spaces. If they are finished,

they are inspected much like the interior ofthe. -

house above.

‘M INSPECTION OF GARAGES

ANMD STORAGE ARZEAS

These areas are particularly subject to drywood
termite attack. In California, Ebeling (1975)
found that when garage doors are usually left
standing open during the day, there is a higher
incidence of infestation. As with subterranean
termite inspection, stored articles may make
inspection difficult. Nevertheless, all exposed
wood should be inspected both inside and out-

side. Wood shelves and cabinets should notbe .

overlooked. Sounding and probing are -also

needgd to confirm and pinpoint infested sites.

N CONTROL

The control method to be used fora parﬁcula.r
drywood termite infestation is determined pri-
marily by the extent of their activities. If there
are only a few infested areas and they do not

. appear to have been: extended into walls, inac-

cessible parts of the attic, etc., treatment wquld
be quite different thanif the infestation is wide-
spread and partly inaccessible.

In the latter case, there is no choice but to
fumigatetheentire structure, an expensive pro-
cedure. Other cases may be treated less expen-

.
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sively, though less effectively, by other meth-
ods. Whatever method of control is used, it is
advisable to consider treating the attic with
desiccating dust to reduce chances of reinfesta-
tion.

H THE DRILL-AND-TREAT METHOD

If the infestation has been carefully delimited
by sounding and probing and it all appears to
be accessible to treatment, the drill-and-treat
method can provide satisfactory control if the
applicator is very skilled and conscientious.

The traditional method involves drilling 1/4
inch (7 mm) holes at 1-foot (30cm) intervals
into infested members so that access to all ter-
mite galleries is provided (Fig.2-16). An insec-
ticide is then applied into the holes. There are
dust formulations of boric acid, silica aerogel,
and bendio-carb (Ficam) presently labeled for-
drywood termite control. Only small amounts
should be applied: about 1 ounce (28 cc) of dust
isenough to treat 15 to 30 holes. Too much dust
will plug the galleries, and they will be walled
off by the termites and isolated. The treatment
‘holes are plugged with wooden dowels or corks.
This method relies on the habit of grooming
among fermites.

Through grooming, only a few termites with
insecticidal dust on theirbodies can spreaditto
all of the colony.

There are a number of insecticides which
can be injected into drywood termite galleries
as water emulsions. They include the
organophosphate, chlorpyrifos (Dursban); a
carbamate, propoxur (Baygon); and three

- r

pyrethrgids, cypermethrn (Demon); fenvale-
rate (Tribute), and permethrin (Dragnet).
Chlorpyrifosis also available asa solutionin

a pressurized container (Whitmire PT 270
Dursban).

X FUMIGATION

Although fumigation is generally recognized as
the most effective treatment for drywood ter-
mites, there are some negative factors that
should be considered. Fumigation is a haz-
ardous procedure and should be undertaken
only by experienced and licensed fumigators. It
offers no protection against future infestation
of the treated structure. It is necessary for the
occupants of buildings being fumigated to va-
cate the premises for atleast a day and, in some
cases, for several days. Finally, it is an expen-
sive procedure that, in some areas, must be
repeated at intervals of 5 to 7 years because of
reinfestation. - '

The basic procedure is to enclose the entire
structure in a gas-tight tarpaulin made of nylon
fabric coated with rubber, neoprene or-plastic.
Where fumigations are not performed on a
regular basis, tarpaulins are replaced by heavy
plastic sheets. The edges of the tarpaulins are

. rolled together and clamped at close intervals
with strong steel clips. The bottom edgeisheld . - -~ -

in close contact with the soil and against the
house foundation with sand or with long,
slender, sand-filled canvas bags which are
called “sand snakes.”

~ Stucco structures with flat roofs are some-
Aimes sealed with special gas-tight paper over

1/4° Holes Drilled
FIGURE 2-16. The drill- Into Tunnel § FL Apart
gnd-trezt m:nﬂil!od ot
rywood termite = —
ot ity =

—

Insecticide Dust ot
Spray Forced Into Holes

Holo Plugged with Cork
Wooden Dowel Pin

—

\  thsecticide Picked Up _
On Termito Bodios
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outer doors, windows and ventilators if the
fumigator believes 2 satisfactory seal can be
obtained without the labor of “tarping.”

By whatever method the building is en-
closed, the exterior wood such as window and
door frames, siding and trim must be effec-
tively exposed to fumigant. These exterior
members could support small infestations that
might not be controlled if the fumigant were
applied only to the interior of the building.

The fumigants most commonly used to
fumigate structures for drywood termites are
sulfurylfluoride and methyl bromide. Theyare
jntroduced into structures through long plastic
orcopper tubes leading from large cylinders of
. compressed gas. Eleciric fans circulate the
fumigant to prevent stratification. Sulfuryl flu-
oride is generally used at the rate of 1 Ib per
1000 cubicfeet {0.45 kg per 28 cu m) ofbuilding
space:and methyl bromide 2t 2 to 3 1bs per 1000
cubic feet (0.91 to 1.36 kg per 28 cum). The gas

usually remains in-the building for 24 hours.

The choice of actual dosage and exposure time
is based on many factors, such as temperature,
air movement, condition of tarpaulins, poros-

ity of the soil under the building. etc. All this -

means thatthe knowledge and experience ofan
expert fumigator is needed to ensure Success.

Sulfuryl fluoride has certain advantages over
meihyl bromide and hasbecome the most widely
used fumigant for drywood termite control. It is
more penetratingand effective against two of the

common lermite species (Stewart, 1966; Bess, .

1971; and Minnick, et al 1972) and i has the
added advantage that it is not necessary to re-
move any fornishings from the house during
exposure. Methyl bromide costs less than sul-
furyl fluoride, but rubber products containing
residual sulphur must not be exposed to it. A
geaction between methyl bromide and sulfur
pmdnoes?compoundvﬁthagaﬂio-lﬂ;e odorthat
may persist for years. Foam rubber is the worst
offenderanditis presentin some carpet padsand
upholstered furniture. Some kinds of leather are
alsosusceptible, and shoes, for example, mustbe
removed from the building.
n those sitvations where an entire building
js not to be fumigated and there are drywood

b

termite-infested articles in the building, they
can be removed and fumigated separately.
They either should be wrapped in a gas-proof
tarpaulin or placed ina fumigation vault when
they are exposed to the fumigant. The rate and
duration of exposure are determined by the
conditions during fumigation.

M APPLICATION OF SILICA AEROGEL
AFTER OTHER TREATMENT

Following treatment, most termite - control
technicians recommend attic dusting with sil-
ica aerogel to prevent reinfestation (Ebeling,
1975). In cases where termites survive treat-
ment or were not detected for localized treat-
ment, attic dusting provides a means of
limiting the spread of surviving colonies. Also,
during the swarming season, houses are subject
to reinfestation from colonies outside the

building. Any wood coated with the silicaaero-"-

gel film would be protected from new infesta-
tion. ,

N }GN-CHEMICAL COKTROL

Because of public concerns over pesticide tox-
icity and sensitivity to chemicals, there has
beenan effortto find alternatives to theirusein
the control-of drywood termites (Hall, 1988).
Some of these methods are controversial, but
have won over some users in the pest control

industry and have been touted in the media.

One of the oldest of these non-chemical |

methods involves the'use of high-voltage, low-
amperage electricity applied to wood with 2
hand-field, AC-pulsing generator called the
Electro-Gun. It has been in use since the early
1980s and is said to provide control of drywood
termite infestations which are in accessible
wood (Beck, 1987),2 characteristic shared with
the drill-and-treat method. It is also used by
fumigators to re-treat local re-infestations.
‘Forbes and Ebeling have described a system
for heating the air inside infested buildings to
temperatures thatare lethal to insects. Dublged
“thermal pest eradication,” jtinvolvesblowing
140-150° F air from a portable propanc fur-
pace through a flexible duct into the infested
building which has been at least par-

-
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tially covered with a tarpaulin. The tem-
_perature within the infested wood must reach
at Jeast 120° F for thirty minutes and this may-
1ake up to six hours. The system has been con-
tracted 1o Isothermics, Inc. of Anaheim, CA, to
provide licensing, training, and consulting ser-
vices o the pest control industry.

Finally, the other extreme of temperature
has been incorporated into a system for freez-
ing termites in wood. Liquid nitrogen is forced
into wall and ceiling voids which have been
found to contain drywood termite activity
through the use of fiber optics. In the Blizzard
System, asitis called, liquid nitrogen is applied
through small holes drilled into the voids.
About 40 minutes later the temperature of the
wood has dropped below 0° F, which freezes

the termites. Only those areas of‘the structure -

which are accessible for inspection and for con-

fining liquified nitrogen are suitable for this

control procedure.

DARPWOOD TERMITES

Prevention of, inspection for, and control of
_ dampwood termites is primarily a matter of

following the same measures used against '

wood decay. Since these termites must main-
tain contact with damp wood and damp wood
decays, it follows that preventing or eliminat-
ing dampness in wood will prevent or control
dampwood termites. .

Because some species of these termites
sometimes enter wood through soil, it is help-
ful to treat the soil as for subterranean.termites-
to prevent their establishment in those loca-
tions, primarily in the desert Southwest, where
the termites display this habit.

TREE-NESTING
TERMITES

Trge-nesﬁng termites can be prevented from en-
tering buildings by treating them in the same

20 WOOD DESTROYING INSECTS

manner as recommended for subterranean ter-
mites. Inspecting for tree-nesting termites would
be very similar to inspecting for subterranean
termites, since they build shelter tubes. They do
build carton nests indoors occasionally, and these
should be looked for. Once they have entered a
building, they can be controlled by directly treat-
ing the carton nest (indoors or outdoors) with
insecticides (personal communication, July 1975,
Luis F. Martorell, Professor Emeritus, Depart-
ment of Entomology, University of Puerto Rico,
Rio Piedras, Puerto Rico).

There are at present four formulations of
termiticides that may be applied in this way.
They include water emulsions of cypermethrin
(Demon), fenvalerate (Tribute), and per-
methrin (Dragnet). Chloropyrifos is available
as a solution in a pressurized container (Whit-
mire PT 270 Dursban).
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CHAPTER 3

WoOoD-BORING BEETLES

WINTRODUCTION

B eetles, belonging to the order Coleoptera,
varyinlengthin this country from less than
1/25 inch (1mm)upto about 3 inches (76 mm).
Most of those which attack wood in structures
are very small, less than 1/4 inch (6 mm) long.
There are a few such species that approach 1
inch (25 mm)in length.

All beetles have chewing type mouthpartsin
both the adultand larval stages. The mostchar-
acteristic feature of the beetles is the structure
of the wings. Most beetles have four wings,
with the front pair thickened, leathery, or hard
and brittle, usually meeting in a straight line
down the middle of the back, covering the thin,
membranous hind wings which are folded un-
der the front wings when at rest. The order
name, Coleoptera, means “sheath wings” and
refers to the characteristic front wings.

Figure 3-1 shows a typical adult beetle with

. the wings on one-side.spread to show their
structure. Beetles undergo complete meta-
morphosis during their development. The
damage by beetles to wood is primarily done by
the larval stage (Fig. 0-2A). .

Among wood-boring beetles, the larvae are
all yellowish-white with dark mandibles (jJaws)
and sometimes with other dark areas or struc-
tures. This stage is always found inside the
wood and is rarely seen, except for the larger
species, even when damaged wood is split
open.

The order Coleoptera is the largest order and
contains about 40 percent of the known insect
species. There are more than 30,000 U.S. spe-
cies in over 100 families. We will be concerned
with only a very few of these. There are three
families which contain species that all are com-
monly considered to feed on seasoned wood.
Other families have a few species of signifi-
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cance as pests of seasoned wood. Several other
families have representatives which damage

" wood during seasoning and might later be en-

countered in structures. Still other families
have species that do all of their damage to
wood before it is seasoned. However, when the
wood has been milled and placed into use, the
damage done earlier is still visible and must be
recognized.

The damage to wood that is done by beetles
variesaccording to the speciesinvolved, butall

types of beetle damage are different than that - -

done by termites. When beetles have com-
pleted their development and have become,
adults inside of wood, they bore holes to the
outside which are known as exit holes or flight
holes: : o
These holes vary in size and shape according
to the beetle involved. The real damage to the
wood is discovered only when it is exposed by

prying or splitting open the surface. In the case

FIGURE 3-1: Typical aduit beetle with the wings
on the right side spread to show their structure.
From Certification Training Manual for Structural
Pesticide Applicators edited by R. Kaae and E.
D. Young, Kellogg West, Center for Continuing .
Education, California State Polytechnic

University, 1975. Used with permission.



of the more important wood-boring species,
there are many galleries of different diameters,
running primarily with the grain of the wood.
They are most often packed with wood frag-
ments and fecal material called “frass”.

Some species of minor importance in struc-
tures do not fill their galleries with frass, but
Jeave them clear and push the debris to the
exterior through openings left in the surface.
“The function of wood-boring beetles in nature
is the same as that of termites. They help re-
Juce dead wood to a form that can be utilized
for new growth by plants.

The :amount of damage that might be in-
flicted 1o wood by beetles in any given location
will vary according to many factors. Some of
these factors include the presence or absence of
certain beetle types in the area in question, the
1ype of wood (hardwood or softwood), the part
ofthe woodinvolved (sapwood or heartwood),
and the -environmental conditions present at
1he infestation site. As each family of beetles is
discussed, these factors will be considered and
related 10 the problem of evaluating the poten-
1ial damage to the wood in the structure.

There are a number of wood-inhabiting bee-
1les ‘which will not be mentioned. Some of
them could conceivably cause minor damage

_10'wood later used in houses or could infest
wood in a superficial way after it is incorpo-
rated into a house. Adults of these beetles could
also emerge indoors from firewood. Itisimpor-
1ant10 concentrate on those beetles which actu-
2lly cause damage that might lead to structural
weakness or which might require replacement
of wood for aesthetic reasons. The approach of
the .author in the following pages will be to
describe and discuss the important types that
they may be identified as such and their poten-
tial for damage determined. ‘

‘When an inspector encounters beetles or
damage that does not fit the descriptions of
those discussed here as having economic sig-
nificance, there should be a reluctance to pre-
scribe any preventive or control procedures
until there is confirmation from a reliable
source that-the evidence encountered does, in

fact,indicate 2 need for action. An example ofa

reliable source for confirmation would be the
entomology department of a state university.

POWDERPOST BEETLES

The most important group of beetles that at-
tack seasoned wood in such a way that
preventive and control measures against them
should be employed are the powderpost bee-
tles. The term “powderpost™ refers to a type of
damage in which the inner portion of wood is
eventually converted toa mass of powdery or
pelleted frass held together by a thin outer shell
of surface wood which is itself penetrated by
numerous exit holes. .

Damage of such an extent usually requires
that several succeeding generations of beetles
reinfest the same piece of wood. There is no
general agreemént among -specialists.in ‘the
field as to exactly which beetles should be clas-

sified as “powderpost beetles,” oreven that the

term should be used.
The term originally applied to beetles in the

family Lyctidae. Later, it became common 10

refer to beetles in the families Anobiidae and

Bostrichidae as powderpost beetles. Their

damage is quite similar to that of lyctid beetles.
More recently, certain beetles in other families

-which cause powderposting have also been in-

cluded. The author has chosen to restrict the
term to the members of the first three families
mentioned. They will be discussed in alpha-
betical order, since it would be difficult to as-
sign them any order of economic importance
on a national basis. e

The lyctid powderpost beetles are some-
times sflid to be second only to térmites in their
destructiveness to wood and wood products.
That may be true if all types of damage are

included. It is not true if the rating is based on
damage to wood in houses only.

ANOBIID POWDERPOST
BEETLES |

Powderpost beetlesinthe family Anobiidaeare
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ofien referred to collectively as “death-watch
beetles” or “furniture beetles”. These are un-
fortunate choices of names, since they are mis-
leading. Only one species of anobiid
powderpost beetle found in structures istrulya
deathwatch beetle. The name comes from a
superstition that the sound made by the beetles

tapping their heads on the wood as a mating

signalisasign thatdeathisnear. It isthoughtto
have originated because the sounds are best
heard when things are quiet as they would be
Jate at night when someone is staying up withan
ill person. The deathwatch beetle has been in-
1roduced into this country from England, but it
has never become widespread or of much sig-
nificance. It feeds only on decaying hardwood.

FIGURE 3-2: A. Adult
anobiid powderpost
beetle common in the
eastern part of the
country. B. Adult
anobiid powderpost
beetle common on the
West Coast. C.
Typical larva of an
anobiid powderpost
beetle. “A” adapted
from USDA: “B” from
Forest Insects by R.
- W. Doane et al.
Copyright 1936 by
c McGraw-Hill Book
Company. Used with
permission of
McGraw-Hill Book
Company.
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THE COMNON

'FURNITURE BEETLE

The common furniture beetle, Anobium
punctatum, is also a European species that
has been introduced into this country. It has
wide distribution but is not of great eco-
nomic importance here. It is the most com-
mon anobiid in buildings in many parts of
Europe, Australia and New Zealand. The
name “‘furniture beetle” derives from the
fact that in years past they very commonly
attacked furniture. This is not so much the
case today, even in Europe, where central
heating in living quarters dries out the wood

in furniture to a level below that which is

conducive to beetle development. In this
country, furniture is infested much more
often by lyctid powderpost beetles than by
anobiids.

M FAMILY CHARACTERISTICS

There are more than 200 species in the family
Anobiidae in the U.S. Most of them are wood-
borers, but relatively few are pests of wood in
use. There are two common species, the drug-
store beetle and the cigarette beetle, that are

important pests of stored products. T

The adults of species that are commonly
found attacking wood in buildings range from
1/8 inch to 1/4 inch:(3 mm to 7 mm) in length.
They are elongate and very convex. The pro-
notum (segment just behind the head)ishood-
like ghd, when viewed from above, completely
conceals the head (Fig. 3-2A and B). Their
color ranges from reddish brown to nearly
black. Some have short hairs of lighter color
covering their bodies. Most have conspicuous
grooves and/or rows of pits on their wing
covers. : .

The larvae aré grublike, C-shaped and .
nearly white except for a brownish head and
mouthparts. They, are rather hairy and have
rows of small spines on the top of most seg-
ments (Fig. 3-2C). The largest species, when
full grown, are nearly 7/16 inch (11 mm) long
when extended. -




M DISTRIBUTION ARD
ECOKOKIC [IAPORTARCE

Various species .are found. in all of the con-
tiguous states as pests of wood in houses. They
are not reported as pests in tropical areas. They
are rather minor pesis in heated, occupied
dwellings in most parts of the country, exceptin
the southeastern states, where they are most
common. Their prevalence in the Southeast is
influenced by the fact thata high percentage of
houses in the region have crawl spaces which
potentially provide conditions in wood framing
which are well suited foranobiid beetleinvasion
and development. Anobiids are particularly
common in the coastal areas where the soil
water table and the relative humidity are high,
ihus allowing the moisture content of the wood

_ 10 remain relatively high, the importance of

~which will be discussed later. In general, the
.drier the climate, the less the problem. One
species has been reported as common on the

West Coast. In the Northeast, theyare primarily .

found in unheated houses or outbuildings.

Tt is very difficult to generalize concerning

the economicimportance of anobiid beetles in
the country as a whole. They occur more com-
monly in some areas than they do in others.
Where they have infested a house, no matter
what the extent of infestationis, the partsofthe
infested building that might later-be invaded
and the amount of damage that might be in-
flicted is more dependent on factors within the
structure than on the environment in general.
For that reason, each infestation must be eval-
uated separately.

M BIOLOGY AND HABITS

Some anobiid species will attack both hard-
woods and softwoods, others only one type.
Euvrilletta peltata (Harris) [formerly Xyletinus
peltatus), although the most common species is
southern yellow pine framing timbers in the
Southeast, actually prefers hardwoods if givena

choice. Anobiids usually feed on sapwood, -

though heartwood adjacent io sapwood may be

damaged. Both freshly seasoned and older

wood are attacked, Unlike the other powderpost
beetles which will be discussed, the anobiids,

according to those studied, can digest the cell-
ulose of wood cell walls with the aid of yeast cells
in their digestive tracts. The wood cell contents,
such as starches, sugars and proteins, are the
more critical nutrients.

The females of anobiid beetles lay eggs on
the surface of wood under splinters, in cracks,
under debris, or in old exit holes. Relatively
few eggs are laid, probably fewer than 50 for
most species. There is usually a high rate of
survival of the eggs, but many larvae die before
they can bore into the wood in order to find
food and protection from natural -enemies.
After the larvae have bored straight into the
wood a short distance, they turn ata rightangle
and begin to tunnelin the direction of the wood
grain. They feed first on the softer springwood
(early wood) and primarily in the outer sap-
wood if they have a choice. As the larvae de-
velop, they molt many times. Each time, the
tunnel they bore becomes larger 10 accommo-
date the increase in size. Often, the tunnels of
many larvae intersect and the wood may even

‘become a mass of wood fragments and fecal
pellets which are packed in the gallery behind
the larva asit tunnels. It usually takes at least 2
or 3 years for thelarvato complete its develop-
ment. If the moisture content of wood is below
about 14 percent, or if it has very little food

value (low protein or high resin content), the .

life cycle is prolonged, or development ceases
and the larva dies. High temperatures are also
unfavorable, both because of direct effect and
because they tend to dry out the wood. If the

wood is slightly decayed orhasa relatively high

moisture content, even near the fiber satura-
tion pgint (30 percent), development goesatits
best fate. Dampness and moderate tem-

.peratures in crawl spaces or outbuildings are

particularly suitable. In nature, they live in
dead limbs or bark-free scarson trunks of trees.
When larval development is complete, a por-
tion of the gallery where feeding was occurring
is enlarged and cleared of frass and pupation
takes place, usually in the spring. The adults
which develop from the pupac bore holes
straight to the surface of the wood and emerge.
Most species of anobiids are active as adults
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during the spring and summer months, with

most of the activity occurring during the first

half of the warm season of the year. They do
not feed, but actively seek a mate and, once the
female is fertilized, the cycle is repeated. Most
species of anobiids are strong fliers, and the
females can move 10 new sources of food to lay
their eges. In spite of this, a large proportion of
1he egps thata femalelaysare likely to be depos-
jted on the piece of wood from which she emer-
ged. This results in constant reinfestation of
wood until linle is left except the outer surface,
unless something interferes with the beetles’
activities.

The adults of some species are active during
the day, others only at night. These beetles are
pot conspicuous and are ot likely to be
noticed unless they are found around light

- sources such as on windowsills or in spider,

webs at foundation ventilators in crawl spaces.
Some species are attracted to lights at night.

" W SIGNS OF INFESTATION

The early stages of an ihfestation—before the
emergence of the first generation of aduits—are

%
e

A B

FIGURE 3-3. A. Wood infested with anobild
beeties. B. Enlarged view of fecal pellets of
anobild beeties from Certification Training
Manual for Structural Pesticide Applicators,
edited by R. Kaae and E. D. Young, Kellogg
West, Center for Continuing Education,
California State Polytechnic University, 1975.
‘Used with permission.
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all but impossible to detect by usual methods.
Because the development time is long and
there is no external evidence of the attack until
adults emerge, one Or more generations may
occur before there is enough evidence to be
readily detected. This evidence is powdery
frass and tiny pellets which accumulate under-
neath infested wood or are found streaming
from the exit holes (Fig. 3-3A and B). The exit
holes are round and vary from 1/16 to 1/8 inch
(1.6 to 3 mm) in diameter. If there are large
numbers of holes and the powder is bright and
light-colored, like freshly-sawed wood, the in-
festation is both old and active. Sometimes
infestations die out naturally, and the frass
which remains is yellowed and partially caked
on the surface where itlies. . -

The pellets are partially digested wood that

has passed through the gut. These pellets (Fig.

3-3B) differ from’ thosé excreted by drywood-
termites: they are smaller and they taper to-
ward each end. Some species produce bun-
shaped pellets. Two hardyvood—attacking spe-
cies produce no pellets; their damage can be
distinguished from that of lyctid powderpost
beetles primarily by the fact that their frass is
tightly packed in their galleries, whereas that of

the lyctids is not.

B CHARACTERISTICS OF
DAMAGED WOOD

Tunneling is most extensive in sapwood,

‘through it may extend into heartwood, particu-

Jarly if it is partially decayed. In sound timber,
dafnage is most severe in the outer sapwood
nearest the bark, due to the higher protein con-
tent. Some plywoods are attacked, particularly
if they are made with blood or casien glues
which provide a source of protein for develop-
ing larvae. Synthetic adhesives appear to be
toxic to small larvae. ,

The frass in the galleries is at least loosely
packed and does not tend to fall freely from the - .
wood unless the wood has dried out consider-
ably since the attack occurred.

In most heavy infestations there are very
tiny round exit holes, about 1/32inch (0.6 mm)
in diameter, scattered over the infested surface.

~



These are emergence holes of parasitic wasps,
1he larvae of which feed on the beetle larvae.

M POTENTIAL FOR DESTRUCTION

Many factors are involved in determining the
amount of damage that can ultimately be ex-
pected from anobiid powderpost beetles. The
most critical factor in terms of spread of de-
struction is probably the amount of moisture
present in the wood. Basically, the damper the
wood, up to the fiber saturation point, the
quicker the development. If the early stages of
decay are present, damage goes even faster.
Because of this, damage is usually greatest in
the damper parts of houses. The extent of dam-
age which ultimately could be done depends
mainly on the proportion of sapwood to heart-
wood and, where wood from fast-grown trees is
used, structural weakness can result. Most

types. of chipboard, hardboard and insulating

board are not attacked. o
Infestations normally increase slowly over

the years, and a house is usually 10 or more

years old before damage becomes obvious.
With the advent of central heating and air con-
ditioning in houses, the potential for serious
widespread damage in houses decreased. The
heat in the living areas, and that which rises to
the attic, tends to dry out the wood of wall and
roof framing and of interior trim, etc., as does
cooled and dried air. If a house has no problem
with excess moisture in the basement or crawl
space, has central heating and cooling systems,
and does not remain closed up and unoccupied
for long periods, widespread, extensive dam-
age by anobiid beetles is unlikely.

BOSTRICHID
POWDERPOST BEETLES

The wood-boring species in the family
Bostrichidae are sometimes referred 1o as “false
powderpost beetles” or “large powder-post bee-
1les.” This is to distinguish them from the lyctids,
which were first to be called powderpost beetles.
Generalreferences designate them as“branch and
twig borers” because the natural habitat of these

beetlesisin dead or dying brariches of trees, partic-
ularly hardwoods.

M EAKILY CHARACTERISTICS

The family Bostrichidae contains many spe-
cies, the larvae of which bore in wood and
cause typical powderpost damage.

The adult beetles are usually reddish-brown
to black, the typical species found indoors
being 1/8 to 1/4inch (3 to 6 mm) long. Theyare
elongate and cylindrical. The heads are di-
rected downward and are hidden by the pro-
notum (segmentjust behind the head), asinthe
anobiids. The pronotum is often rather rough
and rasp-like on the front edge. The wing
covers are concave at the posterior end and, in
some species, have projecting spines along the
edges of the concavity (Fig. 3-4A). One destruc-
tive species is unlike the others and must be
described separately. The black polycaon isa

- cylindrical, coal-black beetle 1/2 to linch(12to
* 25 mm)long. Unlike most of the species inthis

family, the head is prominent and extends for-
ward. The pronotum is oval and not hoodlike
and has no rough projections (Fig. 3-4B).

The larvae of bostrichids are grublike, char-

acteristically curved and wrinkled, with the
front half larger than the back half. They have
six well-developed legs. The head is small and
slightly darker than the creamy-white body.
The mandibles (jaws) are black. They have few
hairs on the upper portions of their bodies.
They varyinsize according to the species, most
being 3/16 to 5/16inch (5 to 8 mm) long. Figure
3-4C shows a typical example.

N DISTRIBUTIONR AND
ECONONIC IMPORTANCE

Most of the contiguous states have recorded
bostrichid species in wood indoors. Although
the family has more species in the tropics than
in temperate climates, none are serious pestsin
structures in the Pacific or Caribbean areas.
One pest species native to India has-become
established in Florida and is encountered in
imported hard- and softwoods elsewhere. The
black polycaon occurs naturally in the West
Coast states and, to a lesser extent, the Rocky
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Mountain states. It is shipped to other parts of
the country in infested wood products.

The economic importance of the bostrichid
beetles in houses is much less than that of the
other two families. They are most important as
pests in hardwoods, and those species that at-
tack wood of conifers rarely cause serious dam-
age. Most of the hardwoods attacked are not
those commonly used for interior floors, wood-
work, and trim. Many of the species do not
reinfest wood after it is seasoned, so the dam-
age is limited to that inflicted by one genera-
tion, though that can be considerable.

M BIOLOGY AND HABITS

Most species in this family breed in sapwood of
hardwoods, but a few attack conifers. Some
attack freshly cut and partially seasoned woods
with the bark on; others attack relatively dry
wood. These beetles can digest only the cell
contents of wood, primarily starch, so are
greatly restricted in the portion of the wood
_ that can be utilized. The outer sapwood is the
primary bréeding site.

The females of bostrichid powderpost bee-
1les differ from those of the other two families
in that they bore into the wood and prepare
“egg tunnels” for laying their eggs. The eggs are
very slender and are inserted into pores in the

wood that have been exposed by the cross-
grain tunnel. The adults are active primarily

- during the summer months. The larvae which

hatch from the eggs usually require almost a
year to complete their development. As they
grow, they molt many times and increase the
size of their tunnel each time. The larvae pack
the frass very tightly in the tunnel behind them
as they feed. Under most circumstances, the
larvae complete their development in the
spring of the year following the egg laying. The
larvae make the pupal cells slightly nearer the
wood surface than the feeding galleries. The
adults emerge by cutting straight through the
surface. The adults feed on the wood as the egg
tunnels are being prepared by the females. Mat-
ing occurs when the tunnel is partially com-
pleted. .

Many of the adults are active during day and
can be seen crawling over the wood. The black
polycaon isactive at night and sometimes even
becomes a nuisance pest when it is attracted to
lights in large numbers. .

Theré are some exceptions to the generaliza-
tions on biology given above. Several small
species that attack freshly sawn softwoods nor-
mally reach maturity in one year, but may re-
quire up to 5 years if the wood dries rapidly.

" They are found primarily when bark edges’

FIGURE 3-4. A, Typical bostrichid powderpost beetle. B. Black polycaon, an atyplical bostrichid.
C. Typical bostrichid larva. “A” and “B” from Forest Insects by R. W. Doane et al. Copyright 1936
by McGraw-Hill Book Company. Used with permission of McGraw-Hill Book Company.
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have been left on framing timbers. There are
records of the black polycaon emerging from
wood 20 or more years after the infested piece
was incorporated into a structure (Mid-
dlekauff, 1974).

® SIGNS OF INFESTATION

The first signs of infestation are the circular
entry holes for the egg tunnels made by the
females. They may be 3/32 t0 9/32inch (2.510
7 mm) in diameter. The exit holes made by
adults are similar, but are more apt to be filled
with frass. The frass is meal-like and contains
no pellets like those found in anobiid frass. Itis
tightly packed in the galleries and does not sift
out of the wood easily.

The adultsare not often seen unlessthereisa
very heavy infestation and the inspection is
made by coincidence at a time of beetle activ-
ity.

M CHARACTERISTICS OF
DAK.AGED WOOD

In addition to the entry and exit holes in the
surface, the interior of the sapwood may be

filled with very round tunnels of different sizes,
from about 1/16 inch (3 mm) up to 3/8inch (10

FIGURE 3-5. Damage of the black polycaon.
From Certification Training Manual for Structural
Pesticide Applicators edited by R. Kaae and E.
D. Young, Kellogg West, Center for Continuing
£ducation, California State Polytechnic
University, 1975. Used with permission.

mm) in diameter, depending on the species
involved (Fig. 3-5). If damage is extreme, the
sapwood may be completely consumed. Be-

- cause of the shorter:life cycle of bostrichids,

they often cause more extreme damage more
rapidly than would an equivalent population
of anobiids. They are, however, restricted to
the outer sapwood, and damage will usually
not extend more than an inch or two intoa
board. This is usually of no consequence in
framing timber, but might require replacement
of some flooring or trim.

B POTENTIAL FOR DESTRUCTIOR

The bostrichids offer very little likelihood of |

causing serious damage to softwood framing in
a home. Because of the speed and completeness
of their attack on portions of wood having a
high starch conient, they might cause serious
damage to individual pieces of hardwood

flooring or trim, There is little danger of rein-

festation after the first generation emerges.

Y CTID FOWDERBOST
BEETLES |

These were the first wood-destroying beetles to
bereferredtoas “powderpost beetles.”. Forthat
reason, some authors use the term “true
powderpost beetles” when classifying them.
Some authoritiesiindicate that they are the
most destructive of the powderpost beetles oc-
curring in North America. Thisistrue forhard-
woods and products made from hardwoods.

Lyctids are, however, at present much lessim-

porjant than the anobiid beetles as pests of
wood in houses. Problems with the prevention
of lyctid powderpost beetles, particularly in
imported hardwoods, has led to an increase in
the number of infestations in such things as
hardwood paneling and trim, as well as in fur-
niture stock, etc. This could lead toa changein
their relative importance in houses.

 FAMILY CHARACTERISTICS
The classification of the family was revised by

Gerberg (1957). He dgsai‘bed all 35 native spe-
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Gies. Most of them are quite similar in appearance
. and biology, so that separating them to exact spe-
cies is not necessary 10 provide adequate control
recommendations. The lyctid beetles are small,
slender, somewhat flattened, elongate, reddish-
brown 1o black, and vary in length from about 1/8
inch 1o slightly over 1/4 inch (3 to 7 mm). The
head is prominent and not covered by the pro-
notum as in the other two families of powderpost
beetles (Fig. 3-6A). Mature larvae vary in size but
are usually less than 1/4 inch (6 mm) long. They
are typical, curved, wrinkled, grublike larvae.
They are enlarged at the thorax and have six
distinct legs. They have relatively few, light-col-
ored hairs on their bodies. The head is slightly
pigmented, and the mandibles (jaws) are darker

(Fig. 3-6B).

M DISTRIBUTION AND :
.g.CO'NOMlC IMPORTANCE

- There are species of lyctid powderpost beetles
found in all of the contiguous states and in all
U.S. territories. Some are native, and some are

- established introduced species. Several species

are commonly intercepted at seaports in im-
ported wood products.
The lyctid powderpost beetles are not con-

FIGURE 3-6. A. Typical adult lyctid powderpost
beetle. B. Typical lyctid larva. “A” from Forest
Insects by R. W. Doane et al. Copyright 1936 by
McGraw-Hill Book Company. Used with
permission of McGraw-Hill Book Company.
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sidered to be of any great concern in houses in
the Pacific area (personal communication,

- May 1976, Jonathan T. Kajiwara, Ento-

mologist, Department of the Air Force,
CINCPACAF (DEMM), Honolulu, Hawaii) or
in the Caribbean region (personal communica-
tion, July 1975, Luis F. Martorell, Professor
Emeritus, Entomology Department, Univer-
sity of Puerto Rico, Rio Piedras, Puerto Rico.)
In the contiguous states they are relatively
common in all parts of the country, but proba-
bly are of more concern in the South than in
other areas.

As indicated in the introductory remarks,
lyctid powderpost beetles have been much less
of a problem in the past than they might bein
the future. The application of knowledge of the
habits of these insects to the handling of hard-
wood lumber and the use of contact insec-
ticides had reduced the lyctid problemto one of
comparative unimportance in relation to its -
status 30 or more years ago (Bletchly, 1967).
Because of restrictions on the residual insec-
ticides used to treat stored hardwood products,
and because some infested hardwood is being
imported, the problem is likely to remainata
significant level. There has been a concerted
effort by the USDA Forest Service and univer-

" sity research laboratories (Barnes-et-al.; 1989)

to evaluate the potential for borate salts as
wood preservatives. Much progress has been
made in their use, particularly in treating un-
seasoned tropical hardwoods. This should
eventually reduce the problem.

W'EIOLOGY AND HABITS

These beetles attack the sapwood of hard-
woods only. Ringporous hardwoods such as
oak, hickory and ash are most susceptible.
Some diffuse porous hardwoods that are often
attacked include walnut, pecan, poplar, sweet-
gum, and black cherry. Many species of trop-
jcal hardwoods are also subject to infestation.

Lyctid powderpost beetles attack wood with
a moisture content between 8 and 32 percent.
This means that they infest partially or wholly
seasoned wood (Christian, 1940, 1941). The
greatest lyctid beetle activity occurs in wood
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with 1010 20 percent moisture content (NPCA,
1961). Most wood within residences would be
in this range.

Their chief source of food is starch and other

cell contents, such as sugar and protein. The °

larvae cannot digest cellulose and other com-
ponents of the cell walls. Lyctids are reported
nottolayeggsin sapwood witha starch content
Jess than 3 percent, and the greater the starch
content, the better they thrive. The females
taste the wood 1o test its suitability.

The amount of starch in wood depends on
the tree species involved, the season the tree is
cut, and the method by which the lumber is
dnied. Kiln-drying retains more starch than air-
drying. Also, the older the wood, the lower the
starch content. If given a choice, females lay

their eggs on recently dried wood.

The female places her eggs inside the spring-
wood vessels or pores. These are exposed when
the wood is sawn, or the beetle may open them
by cutting across the grain of the wood surface.
Some species have also been reported to de-
posit eggs in cracks or crevices. Most species
lay an average of 20 to 50 eggs. When they
hatch, the larvae bore down the vessels at first,
enlarging the tunnels as they grow. The tunnels
are straight and with the grain at first, but later
become more irregular and often intersect

other tunnels. The mature larva borestoa - -
point just under the wood surface and forms 2 )

pupal chamber. The pupal stage completed, the
adult beetle cuts its way to the surface, forming
acircular exit hole. Some of the very fine, flour-
tike frass produced by thelarva ispushed outas
the adult emerges. .

The greatest period of adult activity occurs
in late winter or early spring. The adults con-
ceal themselves in cracks and holes in the wood
during the day and become active at night
They are strong fliers and may be attracted to
Yights. Indoors, they may be seen crawling on
windowsills, floors, furniture, and other sur-
faces.

The eatire life cycle for most species re-
quires 9 to 12 months. One common native
species routinely completes a cycle in about 4
months. Any of them will develop more

quickly if temperature, moisture and starch
content of the wood is favorable.

M SIGNS OF INFESTATIONR

Wood which has been infested only a short
time will show no external evidence of beetle
attack. If the first generation of adult beetles
has emerged, there will be circular exitholeson
the surface which are 1/32 to 1/16 inch (0.8 10
1.6 mm) diameter, depending on the species of
lyctid and on the nutritive value of the wood: a
iven species will grow larger in wood with high
starch content than it will in wood with little
starch. The presence of small piles of fine flour-
Jike wood powder (frass) on or under the wood
is an even more COnspicuous evidence of in-
festation (Fig. 3-7). Evena slight jarring of the
wood makes the frass sift from the holes. There
are no pellets as in the anobiids, and the frass
falls easily from the wood rather than being
packed in as in both the anobiids and
bostrichids. .
It is not likely that the adult beetles will
be seen by an inspector, unless dead ones
are found on window sills or in spiderwebs.

‘Thelarvaeare, of course, always inside the

wood.

FIGURE 3-7. Wood damaged by tyctid
powderpost peetle. From Certification Training
Manual for Structural Pesticide Applicators
edited by R. Kaae and E. D. Young, Kellogg
West, Center for Continuing Education,
Caiifornia State Polytechnic University, 1975.
Used with permission.
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M CHARACTERISTICS OF
DAMAGED WOOD

The sapwood of infested wood has longitudinal,
cylindrical galleries of various sizes, most of them
about 1/16 inch (1.6 mm) in diameter. They are
loosely packed with fine frass that falls freely from
the wood when it is split open. If the damage is
severe, the sapwood may be completely con-
verted to frass held in by a very thin veneer of
surface wood with beetle exit holes in it.

In heavy infestations there may be circular
holes in the wood surface even smaller than the
adult exit holes. This indicates that small
wasps which are parasitic on the beetle larvae
have also emerged.

M POTENTIAL FOR DESTRUCTION

The amount of damage that an infestation of |

lyctid powderpost beetles can inflictis based on
several factors.

The extent of infestation and subsequent.

damage is proportional to the starch content of
the sapwood. Since heartwood is practically
free of starch, it is immune.

The width of the sapwood portion of a given
piece of wood will, within the limitations of the
starch content, determine how much of the
wood might ultimately be destroyed.

‘The diametér of the pores or vessels in the
wood can also be a limiting factor. If they are
not large enough to allow the female to insert
the eggs, no infestation is likely to result. Sev-
eral common lyctid species have structures for
inserting eggs (ovipositors) that range- from
0.076 to 0.083 mm in diameter. Hardwoods
with pores having diameters greater than these
are subject to attack. If the wood has had any
type of coating or finish applied which closes
the pores, it is not likely to be infested or re-
infested. Softwoods do not have pores and usu-
ally have a low starch content, so they are es-
sentially immune to infestation.

ROUND-HEADED
BORERS

The round-headed borers belong to the family
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Cerambycidae, one of the largest and most im-
portant families of wood-boring beetles. More
than 1,200 species have been recorded in the
United States.

The larvae of all but a few members of the
family live as borers in the tissues of trees and
other woody plants. Species that feed under the
bark of living trees may weaken and kill them,
or cause defects and stains which seriously de-
grade lumber values. Species that attack re-
cently felled trees, logs, or seasoned lumber
also cause heavy losses.

B FAMILY CHARACTERISTICS

The adults vary considerably in length: those
encountered in seasoned wood from about 1/3
inch (8 mm) up to 2 inches (50 mm) or more.
They are .elongate, and usually more or less
cylindrical in cross-section (some are, flat-
tened). The antennae are long, sometimes
much longer-than-the body; giving fse to the
common name “long-hornéd beetles.” The

FIGURE 3-8: A. A typical sawyer. Several similar
species attack coniferous wood in most parts of
the country. B. The black-homed pine beetle, a
blue-black species found on the West Coast.
Similar species are found in other regions.
Another common species, the newhouse borer
of the western states, is slightly more slender
and black in color. “A” and “B" from Forest
Insects by R. W. Doane et al. Copyright 1936 by
McGraw-Hill Book Company. Used with
permission of McGraw-Hill Book Company.



coloration of those attacking sofiwoods is often
rather drab and unattractive (Fig. 3-8 Aand B).

Some species attacking hardwoods are brightly-

colored and conspicuously marked.

The larvae are thin-skinned and whitish
1o cream-colored. They are long and narrow
and very markedly segmented (Fig. 3-10B).
They have been described as resembling the
corrugated hose of a gas mask. The front part
of the body is never abruptly and conspic-
vously larger than the rest and they are
straight, never C-shaped like the powder-
post beetle larvae. When full grown, they
vary in length, according to the size of the
adult, from 3/8 inch (9 mm) to over 2 inches
(50 mm). The head is usually partly with-
drawn into the first thoracic segment and is
inconspicuous except for the dark brown
jaws, Many of the larvae are legless, but
some have three pairs of’ very tiny legs on the
_three segments of the thorax.

MW DISTRIBUTION AND )
ECONOMIC IKPORTANCE

Species in this family arein all of the statesand

in all of the U.S. territories. It is important to

understand, however, that they are not all of

economic importance, nor are representatives

found attacking wood in houses in all of these

The aciual economic losses to wood

caused by round-headed borers is probably
greater from the downgrading of hardwood

lumber than from these borers® attack on

- softwoods. Very often their attack on fram-
ing lumber is of little importance and does
not restrict its use to a great extent. This is
related to the fact that most species cease
their attack on wood after it is seasoned and
do not usually cause enough damage during
their development in the wood to render it
structurally weak. Borer-damaged wood

quite often is classified as utility grade and -

is used with no problems.

The evidence of the past beetle attack re-
mains in the wood and must be identified as
such when structural timbers are inspected.
There are some species which begin their

development in dying trees, logs or un-
seasoned lumber (particularly if the
unseasoned lumber has any bark edges left on
it) and are able to complete their development
as the wood seasons. The adults of these borers
will emerge from the wood after it has been
incorporated into a structure. They will not
reinfest the wood because of its dryness, but
they are of great concern to property owners
who find them or evidence of their activity. Itis
not uncommon for the adults of various spe-
cies to emerge from firewood logs brought in-
doors. Sighting of these adults can lead to a
false impression of structural attack.

One of the most common sources of non-
reinfesting round-headed borers in structural
timbers is lumber sawn from fire-, disease-, or
insect-killed trees. Very ofien the salvaging of
such trees cannot proceed rapidly enough to
prevent the invasion and partial development
of round-headed borers. If this wood is not

_kiln-dried, the beetles can be distributed to any

Jocation where the wood is shipped for con-
sumption. Because kiln-drying reduces the
weight of wood, any that is to be shipped long
distances is usually dried and thus rendered
free of insects.

FIGURE 3-9. Round-headed borer damage.
From Certification Training Manual for Structural
Pesticide Applicators edited by R. Kaae and E.
D. Young, Kellogg West, Center for Continuing-
Education, California State Polytechnic
University, 1975. Used with permission.
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B GENERAL BIOLOGY AND

HABITS OF FAMILY
The eggs are laid singly or in small groups on or,
in the bark during the spring, summer, Or early
fall. The eggs hatch within a few days, and the
larvae begin feeding in the wood. Many species
feed extensively directly under the bark before
descending into the sapwood and, in some
cases, the heartwood. The larval stage may last
from a few months to several years. It is always
prolonged if the wood has been cut into dimen-
sion lumber, which dries more rapidly. The
pupal stage is passed in a cell near the surface,
and the adult chews its way straight out of the
wood.

The time of emergence varies with different
species. It can occur outdoors any time from
early spring to fall. Indoors, the climatic condi-
tions are so different that emergence might oc-
cur at almost any season. Outdoors, the adults
would mate, lay eggs, and die. Indoors, there
are only two species that can reinfest dry, sea-
soned wood. They will be discussed separately

. and in more detail.

M SIGNS OF INFESTATION

When long-horned beetles emerge from wood,
they make slightly oval to nearly round exit
holes {Fig. 3-9). I{ the points of exit are covered
by building components, long-horned beetles
will cut through sich materials as plasterboard,
hardboard, hardwood flooring, insulation,
roofing felt and shingles, plywood, etc.

The size and shape of the holes varies with
the species: they can be from 1/8 inch (3 mm)to
as much as 3/8 inch (9 mm) or more in diame-
ter. The sawyers (Fig. 3-8A) make almost cir-
cular holes from about 1/4 inch to 5/16 inch (6
10 7.5 mm) in diamater. The species of more
flattened cross-section, such as the black-
homed pine borer (Fig. 3-8B) and the new-
house borer, make oval holes about twice as
wide as high, the widest diameter being about
1/4 inch (6 mm). In some cases, there is coarse,
even stringy, frass in evidence inside oraround
the exit holes.

Very often, the infestation is not active in
structural timbers: the only evidence of infesta-
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tion is the galleries which have been cut
through when the wood was sawed and planed.
Because they may have been cut at oblique
angle, some of the galleries may appear to be
quite elongate-oval in cross section. Some may
have been sawed lengthwise. The diameter in
true cross-section will vary with the age of the
larva that made the gallery and with the species
involved. Some of the larger ones are nearly 1/2
inch (13 mm) across. Tightly packed, rather
coarse frass may be present in the exposed
galleries. At other times the galleries are free of
frass because it was loosely packed and has
fallen free of the wood.

N CHARACTERISTICS OF WOOD
DAMAGED BY NON-REINFESTING
ROUND-HEADED BORERS

The damage is known in the lumber trade as

“worm holes.” The galleries wind irregularly

.from directly below the bark into the sapwood.

Many common species attacking softwoods
feed primarily in the outer sapwood, and dam-
age is not severe. The frass produced by the

_larvaeis packedintothe galleries once the feed-

ing has proceeded below the wood surface. If
bark edges have been left on lumber, there
often is much frass in evidence underneath.
The texture of the frass varies from rather fine.

and meal-like in some species to very coarse -
and almost excelsior-like in other species. Fig--
ure 3-9 shows the sori of damage that is typical.

H POTENTIAL FOR DESTRUCTION

The amount of damage that can be expected
froph non-reinfesting round-headéd borers is
usually not significant. Most of the damage
occurs before-the wood is sawn and ceases al-
most immediately when the wood dries. Sev-
eral common species that often infest wood
being salvaged from fire- or insect-killed trees
do survive the processing of the wood and will
continue to develop for a year or more after the
wood has been utilized.

The amount of structural damage that they
inflict during this time is not enough to require
any treatment. The major problem that they
cause is the production of exit holes when they
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:emerge. If they happen to be in roofing, then  seasoned coniferous wood found in old build-
rain leaks can result. Otherwise, little serious  ings, but also attacks relatively unseasoned
destruction occurs. Most of these beetles will pine and other coniferous construction mate-
emerge during the first year to 18 months ofa  rial. It does not attack hardwoods.

house’s existence. There are a few rare excep- m CHARACTERISTICS

1ions to thistule that might result in emergence
many years after construction. The adult beetle is 5/8 to 1 inch (16-25 mm)

long, slightly flattened, brownish-black in
color, with many gray hairs on its head and the
fore part of the body. The hairs are easily rub-
RO UND-HEAD ED bed off. The pronotum (segment just behind
BORERS the head) has a shiny ridge down the middle
_ : : and a shiny raised knob on each side, giving it
THAT WILL RE [RFEST the appearance of a face with a pair of eyes. The
wing covers sometimes bear four patches of
“The old house borer [Hylotrupes bajulus (L)] ~ gray that form two indistinct cross bands or
probably ranks next to termites in importance  Spots (Fig. 3-10A).
- as a pest of buildings in the eastern United Thelarvaisatypical round-headed borerup
States.” That introductory sentence of an arti-  to 1-1/4 inch (31 mm) long (Fig. 3-10B). There
. cleonthisspecies (St. George, 1957), published  are three black eyespots (ocelli) in a row on
more than three decades ago, probably is still . each side of the small head’ (Fig. 3-10C). The - -
1rue so far as the coastal states are concerned.  eyespots can be seen with a hand lens, and will
This guotation does not refer to actual damage ~ separate this species from others of similar ap-
inflicted on wood in houses, but to the fre- pearance. The other species found boring in-
quency with which it is encountered. As its softwoods have no more than one eyespot
name implies, the old house borer attacks well- (ocellus) on each side.

FIGURE 3-10. A, Old house borer adult. B, Old
house borer larva. C. Closeup of head of larva,
showing eye spots. Courtesy N.C. State
University.
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H DISTRIBUTION AND
ECONOMIC IMPORTANCE .

Thought to have originated in North Africa,
the species has spread to many parts of Europe,
South Africa, New Zealand, Australia, South
America, China, and the eastern half of the
United States. An August mean temperature of
about 73 degrees Fahrenheit (23 degrees Cel-
sius) is an important factor favoring the devel-
opment of the old house borer, and mightbe a
useful criterion in predicting the future distri-
bution of the beetle in North America (Anony-
mous, 1967).
The heaviest infestations occur in the states
on the Atlantic seaboard, particularly the mid-
Atlantic states. Since the old house borer is
" easily transported in infested articles, there is
no reason to believe that it-could not become
_ established in the western part of the country.
Its climatic requirements are such that itisnot
likely to become a pest in the tropics. It is
strictly a pest of structures and, although it is
found in barns, fence posts, and rustic build-
ings, it has not yet been found in logs or
stumps.
" Tiis very difficult to establish the economic
_ importance of the old house borer. Although it

-is very common, particularly in new construc- -

tion on the East Coast, the amount of actual
damage that it does in housesis limited in most
cases. It is not uncommon to find that onlya
few boards are infested in an entire house. The
old house borer is also commonly found in
_ untreated pine logs used in constructing log
houses. Sometimes, many logs are thus in-
fested. There is much evidence to indicate that
in heated, well-ventilated, occupied dwellings
the chance of reinfestation beyond the first gen-
eration ‘is rare. Unfortunately, this is not
widely recognized, and a great deal of unneces-
sary treatment, particularly by fumigation, is
performed. '

H BIOLOGY AND HABITS

The eggs are laid in cracks and crevices in
wood. Stacks of lumber are ideal sites. A female
can lay 150 to 200 eggs, but 40 to 50 is probably
nearer the average. The larvae hatch in about 2
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weeks. They may crawl over the surface of the
wood until they find a suitable point of entry.
The young larvae feed near the surface for the
first part of their lives, but penetrate deeper
into the sapwood as they grow. The wood has
the highest protein content near the bark. A
minimum of 0.2 percent protein is required for
development of old house borer larvae; the
higher the level, the faster they develop.

The deeper portions of wood have little pro-
tein, and the older the wood becomes, the
lower the protein content. Consequently, the
greatest damage is irf the outermost sapwood of
new wood. Heartwood is not attacked. Pine
generally has a higher protein content than
spruce and fir, and so is more often attacked.
The length of the larval period may be as short
as 2 to 3 years in the southern part of its range
but is very commonly 3 to 5 years. In areas
north of Washington, D.C., the larvae. usually
require 2 to 3 years longer 1o develop. In very
dry wood, such as in attics, it may take 12to 15
years for one generation. .

- The larvae can digest the wood cell walls
(primarily cellulose) as well as the céll contents
(mostly starches, sugars, and proteins). Unlike
the anobiid beetles and termites, they do not
require the help of yeasts.or protozoans in their
guts. Wood that has been decayed by some
species of fungi will be attacked by old house
borer larvae (Becker, 1968). This does not ap-
ply to all species of fungi, and the larvae do not
require fungal attack on wood before they will

Jnfest it. o : :

¥ The moisture content of the wood plays an
important role in the speed of development. At
moisture contents below 10 percent, the larvae

~ develop very slowly, and it is doubtful that

newly hatched larvae can survive. They de-
velop most rapidly at moisture contents in the
range of 15 to 25 percent. ,
Pupation ‘occurs near the surface of the
wood in spring. Adults sometimes remain in
the wood for extended periods before they
emerge. Their flight season extends from April
10 October in the South and from June to Sep-
temberin the North. The greatest adultactivity
isin June and July in mostareas. Theadultsare

N
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strong fliers and are capable of spreading in-
festations from one building to another.

M SIGRS OF INFESTATION

Infestation is all but impossible to detect inits
early stages. The larvae ar¢ small and develop
rather slowly for the first year. Since there are
10 external signs of infestation, infested wood
is often used in construction.

As the infestation progresses, the larvae can
be heard boring in the wood. They make a
thythmic ticking or rasping sound, much like
1he sound of a mouse gnawing. They seldom
‘break through the surface, even though the in-
terior of the wood may be severly damaged.

In severe infestations the frass, which is
packed loosely in the tunnels, occupies a
greater volume than the wood from which it
was produced. When it is in tunnels near the
surface of the wood, the thin surface layer may

bulge out, giving the wood a blistered look. .

These “blistered” areas are best discovered by
shining a light parallel to the surface.

‘When enough time has passed for the adults
10 have emerged (3 to 5 yearsin the South, 5to
7 years in the North), there may be small piles
offrass beneath or on top of infested wood. The
frassis composed of very fine powder and tiny,
clongate, blunt-ended pellets that often split
lengthwise when dry. The exit holes made by

the adults are oval 1/4 to 3/8 inch (6 - 10 mm)
maximum diameter. They are not easily seen
on dark or discolored wood. The holes may be
made through a number of building compo-
nents, including hardboard, plywood, siding,
trim, plasterboard, hardwood flooring, etc,
when adults emerge.

The adult beetles may be found in spider
webs and on surfaces near light sources suchas
window sills and at ventilation openings in
attics or crawl spaces. Live adults are rarely
numerous enough to be seen by an inspector.

If the wood surface is'probed with a sharp

instrument, internal damage can be exposed. .

The larvae may be found when they are in the
later stages of’ developmentand have reacheda
size which is more than 1/2 inch (12 mm) long.

N CHARACTERISTICS OF
DAMAGED WOOD

Damage is most often found in wood framing
in crawl spaces, basements, and storage areas
in the southern portion of the beetles’ range. In
northern areas, it is more commonly found in
attic framing. The sapwood maybe completely
reduced to powdery frass, with the outer veneer
of wood left paper thin by the larvae. The gal-
leries are loosely filled with the frass, which

 falls freely from the wood when the surface is
~ pried away. The surfaces of most galleries have

FIGURE 3-11. Wood damaged by oid
house borer larvae, Courtesy N.C.
State University.
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a very distinctive feature. They have a rippled
pattern like sand over which water has washed
(Fig. 3-11). Most other wood borers do not
.make such marks on gallery surfaces. Any
marks that resemble those of the old house
borer are much more coarse, and any frass that
occurs is not of the same type as that produced
by old house borer larvae. The galleries are
oval in cross-section and may be up to 3/ 8inch
{9 mm) in their broadest dimension.

W POTENTIAL FOR DESTRUCTION

The amount of damage that old house borers can
cause in a structure varies with many factors.

If the building is centrally heated, has no
moisture problems resulting from poor
_ drainage or ventilation, and does not stay
closed up and unoccupied for long periods,
there probably is very little chance that an in-
festation will get any worse than. jt was when
first discovered. As indicated previously, it is
most common for only a few boards in a house
10 be infested. The larvae may live for many
years in the dry wood.

The periodic emergence of adults through
plaster, flooring, or siding may cause concern.
Other than the nuisance which they create by
the gnawing sounds of the larvae and the few
holes made by the adults, old house borers are
often no real economic concern. An exception
10 this occurs when the adults emerge through
outdoor surfaces of logs in pine log houses.
This may allow entrance of rain water that
leads in some cases to serious decay problems.

In portions of houses that may have a high
enough humidity to allow reinfestation of the
beetles after the first and subsequent genera-
tions, serious damage can result. Since vir-
1ually all sapwood of infested boards may be
disintegrated, the extent of structural damage
caused depends upon the proportion of sap-
wood to heariwood. In small-dimensioned
timbers where the amount of sapwood is exten-
sive, structural collapse may occur in time.
This sort of serious damage is most likely to
occur in unheated storage areas, recreational
structures which are intermittently occupied
and rarely heated for long periods, or in oc-
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cupied structures where structural members
have relatively high moisture content because

* of moisture problems, and/or heating inade-
quate to dry out the framing timbers.

FLAT OAK BORER

The flat oak borers are much less common and
of much less economicimportance thantheold. -
house borers. Since they can infest dry wood in
houses, however, it is important that they be
recognized.

The adults are small, efongate, flattened, dull
yellowish, shiny beetles about 1/3t0 2/5 inch @8
10 10 mm) long (Fig. 3-12). The larvae are typical
round-headed borers that reach a length of
about 1/2 inch'(12 mm). They have very tiny .
legs and a smooth white triangular arch on the.

_ underside of the first segment of the thorax. The.

~larvae excavate long, mearidéring tunnels in dry
oak and hickory. The tunnels, which may be in
heartwood or sapwood, are about 1/8 inch (3
mm) in diameter and are tightly packed with
fine, granular frass. The larvae may continue to
feed in the wood until it is riddled.
The species occurs in the entire eastern
United States from New York to Florida to
Texas. They often attack stored lumber and .

FIGURE 3-12. Adult of flat oak borer. Adapted
from USDA.



have caused serious damage in several places,
especially in the Gulf States.

The adults are active in mid to late summer,
laying eges in crevices of exposed wood. There
normally is one generation per year in green
Jogs under natural conditions. In dry wood,
several years may be required to complete one
generation.

The significant thing to keep in mind is that
flat oak borers attack the heartwood of oak, as
wellas the sapwood. Their frass is granular and

not fine like flour as is the frass of the lyctids.-

Although some anobiids will attack oak heart-
wood, their frass contains distinct pellets
~which will distinguish them from either of the
other two types of beetles.

'FLAT-HEABED BORERS

The flat-headed borers belong to the family
Buprestidae. This is a very common type of
wood-borer, more than 150 species and vari-

eties having been recorded east of the Mis-
sissippi River alone.

The larvae of all species are borers in trees.
Some mine leaves, twigs, branches and roots.
Most of them excavate winding tunnels in in-
ner bark, and some of the more important spe-
cies tunnel through sound and decaying
sapwood and heartwood. These wood-boring
species are highly destructive to newly cut logs
and can seriously reduce the logs’ value as
lumber. Attack in dry wood is not common.

m FAKILY CHARACTERISTICS

The adults vary in length: those encountered in
seasoned wood from about 1/4 inch (6 mm) up
10 1-1/3 inches (33 mm) or more. They are boat-
shaped and somewhat flattened (Fig. 3-13).
Many are beautifully marked or metallic col-

" ored. For this reason, adults often are referred

10 as “metallic wood borers.” The wing covers
usually are ridged or roughened. Those thatare
found in softwoods in structures are usually
dark-colored but have a metallic sheen, partic-

FIGURE 3-13. Adult of the golden buprestid, a
typical flat-headed borer. From Forest Insects
by R. W. Doane et al. Copyright 1936 by
McGraw-Hill Book Company. Used with
permission of McGraw-Hill Book Company.

FIGURE 3-14. The larva of the goldep bupres}id.
a typical flat-headed borer A. Top view. B. Side
view. Adapted from USDA.
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ularly on the underside.

The larvae are distinguished by the well de-
veloped, flattened plates on the upper and
lower surfaces of the prothorax (first segment
behind the head). They are whitish to yellow-
ish, have no legs, and their abdominal seg-
ments are much smaller than those of the
thorax (Fig. 3-14). The flattened area behind
1the head has led to the common name “flat-
headed borers,” though the head itself is small
and retracted into the prothorax. When full
grown, they may reach a length of 1 to 2 inches
(25 10 50 mm), depending on the species.

¥ DISTRIBUTION AND

ECONOMIC IMPORTANCE
Species of this family are found in all the con-
Tiguous states and in the tropics. There are,
however, only a few species that are of concern in
structures. Even fewer species are active after

wood has become seasoned, -and they rarely --

‘emerge within buildings. Wood that has been
previously damaged by the larvae 1s used as struc-

tural timbers, however, and the flat-headed borer
must be recognized for that reason.

This is especially true when the lumber has
been sawn from trees salvaged after forest fires,
windstorms, or bark beetle infestations.

One species common in the eastern half of
the United States is Buprestis lineata (F.). This
species has been found frequently in untreated
pine logs used in log homes.

W GENERAL BIOLOGY AND HABITS
OF THE FAMILY

Bark- and wood-boring buprestids deposit
their eggs in crevices in the bark or wood or
under the bark at the edges of wounds. Weak-
ened, injured, dead or dying trees are usually
attacked. The young larvae that hatch from the
eggs bore first under the bark and then into the
sapwood or heartwood or both. Most require 1
1o 2 years to complete their development.
When Buprestis lineata has infested logs

used in a log house, they may continue to de- C e s

velop and emerge up to five or six years after

FIGURE 3-15. A. Flat-headed borer damage in wood.

B. Flat headed borer tunnels under bark. From

Certification Manual for Structural Pesticide Applicators edited by Kellog West, Center for
Continuing Education, California State Polytechnic University, 1975. Used with permission.
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the house was constructed (unpublished re-
search by author). The larvae construct an
elongate pupal cell near the surface of the
wood. The adults cut their way out upon com-
pletion of development. There may be adults
present at any time during warm weather.
Upon emerging, they feed, mate, lay their eggs
and are dead by the end of the season.

M SIGNS OF INFESTATION

Wood that has been damaged by flat-headed
borers is most ofien sawed after the damagehas
occurred. For this reason, the galleries are cut
at oblique angles, and their cross-sections are
distorted. The exact characteristics of such
damaged wood will be discussed in the next
section.

Exit holes made by the adults in the surface

of the wood are sometimes present. They are™
e]ongate—oval,muchliketheexitholesmadeby :

some of the flattened long-homed beetles, such
as the old house borer. ' :

When bark edges have been left on struc-
tural timbers, the flat-headed borers will con-
tinue 1o develop until the wood becomes 100
dry. The borerscanbe heard chewing under the
bark in houses that are only 2 few months old.
When their activity has ceased, only the frass
which they produce is found, tighily packed
under the bark. .

E CHARACTERISTCS OF
DAMAGED WOOD

" Wood damaged by flat-headed borers has
winding tunnels thatare extremely flat, three to
four or more times as wide as high (Fig. 3-15A).
The tunnels are very tightly packed with layers
of sawdust-like borings and pellets, and their
walls are scarred with fine, transverse lines.
The frass is somewhat like that of some round-
‘headed borers, but the galleries are much more
flattened. The tunnels of round-headed borers
are no more than two to three times broader
than high, and the frass is less tightly packed.

The galleries under bark edges left on struc-
tural timbers are serpentine and wander over
the surface of the outer sapwood (Fig. 3-15B).
They are packed with a mixture of light, wood-

colored frass and brown, bark-colored frass.
Western red cedar shakes and shingles some-
times have holes or tunnels made by the west-
ern cedar borer. The damage occurs before the
manufacture of the shakes and shingles and
will not increase. '

N POTENTIAL FOR DESTRUCTION

There is no danger of serious damage to struc-
tural timbers from the flat-headed borers. They
usually have completed their development be-
fore the wood is sawed, and their damage is
evaluated at the time the wood is graded. Those
that might remain active in the wood rarely
cause any significant additional damage. The
exit holes cut by the adults may allow water to
enter through siding or trim that is penetrated.
Although their damage 10 untreated logs in

"pine log houses is not serious,. B. lineata do

allow the entrance of rain water into their tun-

. nels through exit holes and this has led to some

serious decay problems. Occasionally, the
adults emerge through roofing materials and
cause leaks. They also can emerge on theinside

of houses through hardwood floors, plaster-

board, etc. Since very few adults emerge, the
potential for this type of damage is very low.

‘GOLDEN BUPRESTIB.

One species of flat-headed borer of relatively
minor economic importance should be dis-
cussed in more detail. The aduilts are among
the most beautiful beetles encountered in

structures. Therefore, they attract much atten-

stion when found. Also, these beetles are of

“special interest because of their extremely long

life cycles in structural timbers. The golden
buprestid species occurs jn the Rocky Moun-
tain and Pacific Coast states.

The adult golden buprestids are about 3/4

inch (20 mm) long and metallic green or blue-

green in color (Fig. 3-13). When full grown, the
whitish larva is about 1-1/2inch (35 mp:) long.
Across the wide, flattened. thorax, it is about
3/8 inch (9 mm; Fig. 3-14). .
Adult beetles lay eggs on trees that still bear.
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bark. They are attracted to pitchy wood, and
often lay eggs on fire scars. They sometimes lay
eggs in cracks of freshly sawed lumber. Douglas
fir is the preferred host tree, but golden
boprestids have also been found in several spe-
cies of pine, spruce and fir, and occasionally
have been found in western red cedar.

Upon hatching from the eggs, the larvae
bore into the wood, excavating a winding tun-
nelthat increases in size as the larva grows. The
1unnels are typically oval, up to 3/8 inch (10
mm) in width and tightly packed with powdery
frass.

Under natural conditions, the length of the
larval stage is from 2 to 4 years. When the
larvae are incorporated into wood products,
the period is considerably lengthened. There
are authenticatéd reports of adults emerging
from wood up to S0 years after it was initially
. . infested (NPCA, 1964; Smith, 1962). When the

* larval development is completed, the golden
‘buprestids construct an oval pupal cell near the
surface of the wood and the adults emerge,

FIGURE 3-16. A. A typical adult bark beetle. B,
Barkbeetle larva. From Forest Insects by R. W.
Doare et al. Copyright 1936 by McGraw-Hill
‘Book Company. Used with permission of
McGraw Hill Book Company.
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FIGURE 3-17. An example of bark beetle egg
and larval galleries that are found between bark
and wood. From Certification Training Manual
for Structural Pesticide Applicators edited by R.
Kaae and E. D. Young, Kellog West, Center for
Continuing Education, California State
Polytechnic University, 1975. Used with
permission.

usually during the spring and ‘summer out-
doors, but during fall and wintér indoors.

The exit hole is oval and approximately 3/16
10 1/4 inch (5 to 6 mm) across. These exit holes

“are usually the first evidence of the presence of

the beetles, their galleries are so small in freshly
sawn, unseasoned wood that they are not de-
tectable, even when exposed on the surface.

‘Beetles emerging from wood in structures fly

away and do no further damage to the wood
from which they come.

BARK BEETLES

The{"ébark beetles, belonging to the family
Scolytidae, are small, cylindrical, robust bee-
tles. They are usually brown, reddish-brown, or
black. Most of them found in association with
structural timbers are no more than 1/8 inch 3
mm) long. The head is partially or completely

- concealed from above (Fig. 3-16A).

Although the bark beetles are among the
most serious forest pests, they are of very
minor importance in seasoned wood. They do
not actually cause any damage to the wood, but
are sometimes found in houses and in associa-
tion with structural timbers. For this reason, it
is important that they and their damage be
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recognized as of no economic importance.
There are species in all parts of the country.
“The eges are laid by the female in a gallery

constructed in the cambium (layer of growing °

cells between bark and wood). There are spe-
cies that attack hardwood and softwood trees.
The larvae (Fig. 3-16B) tunnel away from the
egg gallery. The galleries increase in size and
become tightly packed with frass (Fig. 3-17).
Only the surface of the wood is slightly etched
with their tunnels, and the larvae cause no
structural damage. Because of their character-
istic damage, they often are referred to as “en-
graver beetles.”

‘When larval development is complete, bark
beetles pupate at the ends of the tunnels. The
adults emerge from the pupal stage and tunnel
straight out through the bark. The surface of
the bark is sometimes riddled with round exit
holes 1/16 to 1/8 inch (1.5 inch to 3 mm) in
diameter. Bark beetles cannot livein seasoned
wood, so there is no reinfestation. ’

In nature, there may be several generations
per year. When wood infested with bark beetles

"is sawed into lumber, the beetles left under

bark edges on the lumber may survive for a
year or more. As the wood dries out, some of
the gritty frass produced by the beetles may sift
down. The adults often ¢émerge from fireplace
Yogs left indoors, as well as from bark edges on
Jlumber, but they are a nuisance only, since they
will not infest seasoned wood.

AKBROSIA BEETLES

“There are two different families of beetles that
jinclude species known as ambrosia beetles.
They have been given this common name be-

cause of their specialized food. Ambrosia was

ihe food of the classical gods, and these beetles
grow for food a fungus known as “ambrosia”
on the surface of their galleries. They do not
.consume the wood, and they throw out all of
ihe frass.

“They maintain open space in the galleries
for themselves and their larvae to move back
-and forth freely during feeding on the fungus.

Some members of the family Scolytidae have
this mode of feeding. There is another family,
Platypodidae (the flat-footed ambrosia bee-
tles), that also shares in this habit. The adults
and larvae are not seen in structures, since they
abandon wood which has dried below the fiber
saturation point (30 percent moisture content).
Their damage is often seen in hardwood and
softwood and should be recognized. Species of
ambrosia beetles are found in all parts of the
world.

The adult beetles bore straight into the wood

of unseasoned logs for several inches and throw ’

out all of the frass. Once inside the sapwood,
the tunnel may branch and follow the cur-
vature of one or more annual rings, or it may be
unbranched and relatively strajght, depending
on the species. There also may be short side

- tunnels of the same diameter that follow the

grain and in which larvae feed and later pupate.

. The ambrosia beetles emerge as adults through
the original entry hole. The damage usuallyis .

not sufficient to cause structural weakening of
the wood. Several generations may continueto
extend the galleries aslong as the wood remains’
moist enough to sustain the fungus growth.
Some species extend galleries into the heart-
wood. Freshly cut lumber may be attacked
while it is stacked and before it has dried.

As the tunnels are constructed, the walls are
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FIGURE 3-18. Wood damaged by ambrosia
beetles. From Certification Training Manual for
Structural Pesticide Applicators edited by R.
Kaae and E. D. Young, Kellogg West, Center for
Continuing Education, California State
Polytechnic Universit, 1975. Used with
permission.
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jnoculated with the fungus by the adult beetles.
The fungus stains the gallery walls black, blue,
or brown. The staining often spreads through
1he surrounding wood and is particularly ob-
~vious in lighter-colored wood species. This
staining is often a greater defect than the holes
themselves. It particularly limits the use that
may be made of hardwoods. The beetle attack
ceases when the wood dries out, and it is per-
fectly safe to use the wood without fear of fur-
ther deterioration.

Ambrosia beetle damage see€n inwoodinuse
3s characterized by circular holes and portions
oftunnels between 1/50 and 1/8inch (0.5 and 3
mm) in diameter, the size depending on the
species of beetle responsible (Fig. 3-18). The
tunmels, which are free of frass, run mainly

across the grain and have darkly stgined walls.

The stain may extend into the'wood in patches
or streaks. All of the tunnels made by a single
'species are the same size, since only the adults
1unnel the wood.
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FIGURE 3-19. Woed-boring weevil adult. Some
species have a sherter snout. From Forest
Insects by. R. W. Doane et al. Copyright 1936 by
Mcsxaw:l-lm Book Company. Used with
permission of McGraw-Hill Book Company.
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WOOD-BORING

'WEEVILS

There is one final group of’ wood-boring beetles
that should be briefly discussed, although they
are not common and do not cause significant
amounts of damage. They are, however,
unique in their appearance and might cause
confusion if they were detected and not recog-
nized. These are the wood-boring weevils of
the family Curculionidae.

The curculionids are sometimes called
“snout beetles.” They may be distinguished
from the other beetles by the prolongation of
the head intoa snout. The wood-boring species
are small, black or reddish-brown, and about
1/8 to 1/5 inch (3 to 5 mm) long. The wing
covers are heavily pitted (Fig. 3-19). The larvae .
are whitish, grublike, legless, and about 1/8

_inch (3.mm) lopg_when full grown. -

Many.species of wood-boring weevils attack
unseasoned wood only. There are several spe-

_cies that will attack seasoned wood, but they

are- most often seen in wood that is slightly
damp and partially decayed. Their damage is
very similar to that caused by anobiid powder-
post beetles,and both types of beetles are some-
times present in the same piece of wood. They
occur in all parts of the country and have been
transported, even overseas, in infested lumber.
The eggs are laid in holes excavated by the
feale or in cracks and crevices. The larvae
enter the wood and tunnel primarily with the
grain;in some species. In other species the tun-
nelspre completely random in direction. The
life cycle probably takes about a year. Adults
emerge through exit holes that are raggedly
round, approximately 1/16 inch (1.5 mm) in
diameter, or elongate, irregularly shaped holes
1/16 to 1/12 inch (1.5 to 2 mm) in diameter.
These beetles attack hardwoods, softwoods,
and plywood. When damage is heavy, the inte-
rior of the wood, including sapwood and heart-
wood, is honeycombed. The galleries, which are
up to 1/16 inch (1.5 mm) in diameter, are made
by the feeding of both adults and larvae. The
frass is composed of very fine powder and tiny
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pellets and is packed in the galleries. Though
similar to the damage of anobiid beetles, the
pellets in the frass are much smaller, and even
the Jargest tunnels are smaller in diameter than
those of'anobiids. It is also common to find the
adulis feeding in the wood, which is contrary to
the activity of the anobiids. Their potential for
damaging the wood is probably directly related
10 the amount of dampness and decay which is
Ppresent.

M PREVENTION AND COKRTROL

Tt is important for those concerned with the
prevention or control of beetle attack in wood
in houses to remain aware of the requirements
for initial attack to occur. You will recall that
1hey include: the occurrence of the beetle(s) in
the particular geographic region and the pos-
sibility of a local population source close
enough 1o initiate attack in the building;in the
house, the presence of wood which is suscepti-
.ble to attack by the.beetle(s) in question; and
environmental conditions in the wood suitable
for the development of the beetle species of
concern. T

‘When wood that is already infested is ship-
ped in and used, these natural conditions do
not have to exist for beetles to be found. This
-emphasizes the importance of understanding
. the biology and habits of the beetles as well as

being able to recognize them and the evidence.

of their attack. Before any control procedures
are implemented, the identification of the bee-
1le or its damage must be positively confirmed
in order to proceed intelligently.

Some infestations may have long since be-
come inactive because of changing conditions
or because the attack occurred and ceased be-
fore the wood was even milled. Some evidence
of current activity is needed before control pro-
cedures are required. The presence of the three
factors which might lead to attack does, how-

ever, indicate a need to consider preventive:

measures where no attack has yet occurred.

HMPREVENTION

Most of the procedures which will prevent at-
1ack on wood before it is placed into use are the

responsibility of those who harvest, mill and
store the wood. Those who use wood must take
precautions to reduce the chances of building
in a beetle infestation.

Although careful inspection is the first step
in preventing the introduction of beetles into a
structure, it has severe limitations. It should,
however, be a specified practice. Many times
wood is placed into use before beetle infesta-
tion has progressed to the point that it can be
discovered, even by careful visual inspection
and probing.

The other precautionary measures that may
be taken to prevent introduction of beetle-in-
fested wood include, first, the specification that
all wood be kiln-dried or air-dry before its use.
This eliminates or severely restricts the devel-
opment of most beetle species and also is the
cheapest and most practical preventive mea-
sure. Some beetles will attack and reattack
wood which is well below the air-dry level, so
drying will not eliminate all concern for beetle
infestation. S

If there is any reason to suspect that incip-

~ ient infestations may be present, or if wood

components are so expensive or will bé so diffi-
cult to treat or replace if infestation is dis-
covered later, it may be feasible to require
further preventive measures. Wood may be

. positively freed of beetle infestation by heat
sterilization or by fumigation. Table 3-1 (St. ~ . °

George, 1973) shows the times and tem-
peratures necessary to kill beetles in wood of
different thicknesses.

These data were established for lyctid bee-

iles, but they are more than sufficient to kill

most other borers present. If bostrichid beetles
are i;i’"volved, use the higher temperatures,
since bostrichids are harder to kill with heat

«than are other types (Bletchly, 1967). This
schedule should not be confused with a normal
drying schedule, since the temperatures in-
volved in drying alone are not always sufficient
to kill many wood-boring beetles.

Fumigation of wood before use also will ren-
deritbeetle-free. The gas most commonly used
is methyl bromide. The wood should be
stacked loosely and covered with a gas-tight
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Table 3-1. Schedule for treating wood to check damage by powderpost beetles

Time required Total period of
to overcome lag exposure after
Lethal after kilnhas  Additional Time then held kiln has at-
Relative temperature Thickness attained lethal margin of at lethal tained required
humidity  required of timber temperature safety temperature conditions
Percent °F (°C) Inches (CM) Hours Hours Hours Hours
1 (2.5) Ya V2 1-% 2-%2
2 (5.1) 2 V2 1-v2 4
100 130 (54) o (63) 3% v 1% 5%
3 (7.6) 42 V2 1-¥2 6-%2
1 (2.5) Y v 2 3
125 (52) 2 (5.1) 2 v 2 4%
2.2 (6.3) 3% Y2 -2 5-%
3 (7.6) 4-2 V2 2 7
1 (2.5) V2 12 6 8
¢ 2 (5.1) 2 1-%2 6 9-%2
80 120 (49) .o,  (6.3) 3-% 12 6. . 10%
3 (7.6) 42 1-% 6 12
1 (2.5) 1 7-Y2 30 . 33 W
2 (5.1) 2 7-%2 30 39-
115 (46) o4  (6.3) 3-% 7-V2 30 40-%
3 (7.6) 4-2 7% 30 42-2
1 (2.5) V2 1 4 5%z .
2 (5.1) 2 1 4 7
125 (52) o4,  (6.9) 3-% 1 4 8-%
3 (7.6) 4-2 1 4 9-%2
Y 2.5) v 2 7 9%
2 (5.1) 2 7 1"
80 120 (49) o4, (6.3) 3-% 2 7 12-%
3 (7.6) 4-%2 2 7 13-4
1 (2.5) Y . 9 36 2;-'/:
2 (5.1) 2 v 9 36
115 (46) o4,  (6.3) sw F 9 36 48V
3 (7.6) 4-% 9 36 49-%2
tarpaulin. If such fumigation is to be per-  The usual dosage of methyl bromifie for such
formed on a regular basis, it is best to use  purposes is 3 pounds per 1000 cubic feet (1.36
tarpaulins made of nylon fabric coated with kg per 28 cu m) of air space. The gas should be

rubber, neoprene or plastic. These are the same
type used for drywood termite fumigation.
‘Where fumigation is not performed on a reg-
plar basis, heavy polyethylene plastic sheets
may beused instead of tarpaulins. The bottom
edges of the cover should be sealed with sand.
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held under the cover for about 72 hours (St.
George 1973). '

In areas where structural framing members
are subject to beetle attack, the use of pressure-
treated wood prevents damage. It is doubtful
that there are any areas in the contiguous states



that have enough beetle attack to justify the
extra expense for such a preventive measure. If
decay fungus, drywood termite and/or subter-
ranean termite attack potential would justify.
pressure-treated wood, then the prevention of
beetle attack would be an added benefit.

Brushing or spraying the wood with 0.5 per-
cent lindane before it is used will protect it
from attack by beetles for 10 years or more. The
lindane is applied at the rate of 1 gallon per 100
square fect (4 liters per 10 sq m) of surface, or
until no more is absorbed. The current avail-
ability of lindane is limited, and its future is
questionable. Recently, a borate salt com-
pound (Bora-Care) has been registered for pre-
vention and control of wood-boring beetles, as
was described under the discussion of drywood
termite prevention. The same application pro-
cedure applies here. As long as the woqd does
not become wet periodically so that the borate
salt is leached out, it will remain toxic to bee-
des. fhodhts

For the beetles that begin their attack under
bark, the removal of any bark edges from
lumber before the lumber is used in construc-
tionisa good preventive measure. Many of the
roundheaded and flat-headed borers feed un-
der bark for extended periods before they enter
the wood. The bark beetles confine their attack
10 the inner bark, and are thus eliminated by
bark removal.

Use of good building design as outlined for
subterranean termite prevention also applies
to beetles. Good ventilation and drainage and
proper clearance between wood and soil will
tend to reduce the equilibrium moisture con-
1ent of wood in the structure and thus render
conditions less favorable for the beetle devel-
opment. The need for good clearance and ven-.
tilation is most important in the Gulf Coast
areas, where high humidity and mild winter
climates may allow wood framing in walls and
attics, as well as crawl spaces, 1o retain rela-
tively high moisture levels and support greater
beetle activity. o

When the building is centrally heated, the
drying process after construction is speeded up
and the house becomes less susceptible to bee-

tle attack more quickly, and it usually remains
so as long as the house is regularly occupied
and remains heated for extended periods. Va-
cation or recreational structures tend to be
more prone to extensive beetle attack because
they often are not centrally heated or are heated
only intermittently for relatively short periods.
Leaving structures closed and unheated for
long periods allows the moisture content of the
wood to rise to higher levels than would other-
wise be the case.

Proper attention to good attic ventilation is
even more important in the prevention of bee-
tles than in the prevention of termites. If attics
are well ventilated, in most regions they tend to
dry out below the level'of moisture needed for
vigorous beetle attack. This is particularly true
of the roof framing and sheathing.

M INSPECTION
All houses which include wood as a part of the

" "structure; or of the iriterior or exterior trim or

built-in cabinets, should be inspected at least
annually for, the presence of active wood-bor-

ing beetles. The incidence of beetle infestations

in houses is much lower in tropical areas and in
arid regions than it is in temperate climates.

There can, however, be infestations by
wood-boring beetles in any part of the United
States or its territories. Wood'containing beetle
infestation may have been incorporated into
the structure, and some damage may occur,
even though the infestation might eventually
die out because of unfavorable environmental

- conditions. Local infestation of wood in use

does occur in many parts of the contiguous

&

stages.
. %he purposes for which inspections for bee-

tle attack are made are similar to those in-
volved in termite inspections. They include
such things as determining the condition of the
wood in the house and locating any evidence of
attack by wood-boring beetles. Once evidence
of attack is found, the identity of the species

causing the damage must be established. Only -

in this way is it possible to properly assess the
potential for additional damage. Finally, the.

inspector must determine whether or not the .
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infestation is still active and whether there is
need for repair, replacement or treatment.

Most of the beetles that cannot reinfest sea-.

soned wood show evidence of their presence
within 2 or 3 years, unless they die out sooner.
Infestation of wood by beetles which can survive
and reinfest seasoned wood often does not be-
come evident for several years afier a house is
constructed. Anobiid powderpost beetles and the
old house borer may not become evident for 10
or more years if the initial infestation was lim-
ited. This is because the relatively small number
of eggs laid, the high natural mortality of the
larvae, and the long life cycles involved do not
produce large populations very rapidly.

The external signs of their presence do not
become evident until adults have emerged in
enough numbers to provide easily-seen exit
holes and accompanying frass. Where damage
occurs, it is seldom widespread unless the
property has been neglected for a number of
years. Most commonly, only a very few boards
are found to be infested when inspections have
been performed at reasonable intervals. .

Although wood-boring beetles may spoil the
appearance of wood and, when neglected for
long periods, may cause serious weakening of
structural timbers, they develop very slowly.
When an infestation is discovered during a

routine inspection (rather than as a result of the”

sudden collapse of a wooden member), there is
tarely any need for extreme haste in providing
treatment. o

Basic equipment and the step-by-step pro-
cedures described for termite inspection, par-
ticularly drywood -termites, apply here. The
reader is referred to that section of the manual
for details. Certain aspects of inspecting for
beetles require special attenuon, and they will
be detailed. -

In inspecting for beetles, the evidence is
often less easily seen than in termite xnspec-
tion. It is necessary to visually examine all
exposed surfaces ‘of wood (painted and un-
painted) and to sound or probe them for evi-
dence of internal damage. The soundmg and
probing is accomplished by rapping on the sur-
face 10 locate hollow-sounding areas and by
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probing into the surface at close mtervals with
a sharp instrument.

Probing is usually very limited in living
areas, where damage to finished surfaces might
result. Particularly in its early stages, the extent
of infestation by beetles is more difficult to
determine than that of termites. There are no
telltale shelter tubes or fecal pellets to reveal
early beetle activity. Exit holes occur at the end
of the first generation of beetle attack. In many
cases larvae do not expel any frass to reveal
their presence until there are exit holes from”
which the frass can sift. Minor exceptions in-
clude the bark beetles" and some of the flat-
headed borers which push frass from under-
neath bark edges left on structural timber.

When inspecting wooden siding, shakes or -
exterior trim, theievidence of beetle attack is
unusually obscure. The signs most-often dis-
covered are the exit holes of round-headed or
flat-headed borers. The adults in many cases
have emerged through the exterior wood after
developing in framing timbers inside the wall.

..The location and pattern of occurrence of the

holes can often provide evidence of which
framing members are involved.

Inside the house, evidence of attack may
have been noticed by the occupants, and they
should be xmemewed for possible clues. A sys-
tematic search of all wood surfaces inside a.
structure that is filled with furnishings would
be time consuming and probably not extremely
productive, since evidence of beetle attack,
other than exit holes, usually is not present. -

tgn large larvae of some of the round-headed

TS, particularly old house borers, are pres-
ent in framing timbers, they may be heard
gnawing in the wood. Since the sounds are not
produced continuously, the aid of the occu-
pants is essential.

When lyctid beetles have attacked hard-
wood flooring or interior trim, it is not unusual
for only a very few scattered pieces to be in-
volved. The small size of the exit holes and the
absence of frass on the surfaces again point out
the need for consulting with the occupants.
They are likely to have seen and removed any
frass. If the attack has occurred over a long
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period of time, the evidence is obviously more
pronounced than in houses only a few years

old.

Evidence of beetle attack is much more pro-
nounced and more easily discovered in attics,
crawl spaces and unfinished basements and
storage areas than on the exterior or inside the
living areas. The signs are more likely to be
undisturbed, and the absence of finishes on the
wood leaves more wood surface that has been

exposed 10 reinfestation..

The common practice of insulating ceilings
and floors has made inspection of many parts
of structural timbers impractical. As with ter-
mite inspection, removal of insulation is usu-
ally not considered feasible unless evidence
warrants closer inspection because of signs
above, below or adjacent 10 the insulation-cov-
ered areas.

Because of the similarity in some cases of
damage caused by beetles that do and do not
reinfest wood, the inspector would be well ad-
vised to carry small envelopes in which to col-
lect frass and small wood samples so that they

. may be very closely examined with good light

and magnification. If adults or larvae are
found, they should be placed in small bottles or
vials filled with rubbing alcohol.

Should there be any doubtasto the identity,

the specimens and a description of the situa-
tion in whichi they were found (including the
type of wood) should be submitted to a spe-
cialist for identification. In most areas this
means they should be sent 10 the entomology
department of the state university. Only in this

.way can positive identification of the attacking

beetles be determined. Since the beetles do not
cause damage very rapidly, a delay in tredt-
ment caused by this procedure will not resultin
any harmful consequences, and positive iden-
tification often prevents unnecessary treat-
ment.

The fact that beetle damage is discovered is
not conclusive evidence that the infestation is
§1ill active. Depending on the type of beetles
involved, it may be that the infestation has
died out because the environmental conditions
are not adequate for the beetles to survive.

Even beetles that can reinfest seasoned wood
sometimes die out for various reasons.

In order to be certain that the infestation is
active, there should be fresh frass which is the
color of newly sawed wood and live larvae or
adults in the wood. The presence of exit holes
and frass alone indicates only that the beetles
have been active. The adults which made the
exit holes may be the last that will emerge and
the wood may not be suitable for a new genera-
tion. The humidity and temperature of the air
surrounding the wood are key factors in deter-
mining the likelihood of reinfestation by bee-
tles that initiate attack in seasoned wood.

The characteristics of beetle damage found
in wood in houses is summarized in Table 3-2.
This table also indicates the type of wood and
the portion of the wood attacked by the various
kinds of beetles. Thisisimportant in determin-
ing the potential areas which might be infested
by a particular species and in evaluating the

likelihood of serious structural weakening.

m CONTROL _

Treatment for the control of wood-boring bee-
tles is really necessary only whenan inspection

- has revealed an apparently active infestation

by a species that will reinfest seasoned wood.
There are times, however, when treatment may
be applied when it isnot a necessity from the
standpoint of structural damage.” . - -

Given a free choice, most homeowners do
not make the decision whether ornot to invest
in control procedures on the basis of potential
structural damage alone. For people who can
afford it, the mere fact that creatures arc con-
suming a portion of their house may be reason
enough to seek jmmediate treatment, no mat-
ter how inconsequential the attack. Thisis par-
ticularly true if signs of beetle attack, such as
new exit holes or gnawing in the wood, are
evident in the living areas.

Ifthe houseisbeing placedonthe market for
sale, prospective buyers will usually not accept
a house that is reported to be infested with
wood-boring beetles; even if they are species
that will not cause structural weaknessand ¥
not reinfest the seasoned wood. Sociological
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Table 3-2. Characteristics of damage caused by common wood-boring beetles in houses

" Wood attacked Recognition of damage
Type of Galleries Reinfes-
borer Part and type Condition Exit holes (tunnels) ‘Frass tation
Anobiid Sapwood of hard- Seasoned Circular, 1/16 to Circular,upto  Fine powder with Yes
powderpost woods and soft- 1/8in(1.6to  1/8in(3mm)  elongate pellets
beetles woods: rarely in 3 mm) diameter diametéer; nu-  conspicuous;
. heartwood merous; random loosely packed?
Bostrichid  Sapwood of hard- Seasoningand  Circular, 3/32to Circular, 1/16to Finetocoarse  Rarely
powderpost woods primarily; newly seasoned 9/32in(25to0 3/8in(1.6to powder; tightly
beetles minor in soft- 7 mm) diameter 10 mm)diam-  packed, tends to
woods eter; numerous; stick together
random
Lyctid Sapwood of ring- Newly seasoned, Circular, 1/32to Circular, 1/16in Fine, flour-like,  Yes
powderpost and diffuse- por- with highstarch 1/16in(0.8to (1.6 mm) diam- loose in tunnels
beetles ous hardwoods  content 1.6 mm) diam- eter; numerous;
only eter random
Round- Sapwood of soft- Unseasoned, Oval to circular, Oval,upto1/2 Coarse to fi- No
headed woods and hard- logs and lumber 1/8to3/8in in (13 mm)long brous; may be
borers woods; some in (3 to 10 mm) diameter, size  mostly absent
‘{general) - heartwood - -long diamheter  varies with . . - :
. . species -
Old house .Sapwood of soft- Seasoningto.  Oval, 1/4t0 3/8 Oval,upto3/8 - Very fine powder Yes
borer woods, primarily seasoned . in(6.to10mm) in(10mm)long and tiny pellets;
pine long diameter  diameter; nu- tightly packed in
merous in outer tunnels
sapwood, ripple
. marks on walls .
Flat oak Sapwood and Seasoning and  Slightly oval; Oval, upto 1/12 Fine granules No
borer heartwood of newly seasoned 1/16to 1/12in In (2 mm)long
hardwoods, pri- (1.6to2mm)  diameter
.. . .. . marilyoak. . . . ‘
Flat-headed Sapwood and Seasoning Oval, 1/81t0 1/2 Flatoval,upto Sawdust-like, No
borers heartwood of in(3to13mm) 3/8in(10mm) may contain light
softwoods and long diameter  long diameter; and dark por-
hardwoods winding tions if under
bark; tightly
.. packed
Bark beetles Inner bark and Unseasoned, Circular, 1/16 to Circular,upto Coarsetofine No
surface of sap- underbarkonly 3/32in(16to 3/32in(2.5 powder, bark-
wood only 2.5 mm)diam- mm)diameter; colored, tightly
etef random packed in some
tunnels
Ambrosia  Sapwood and Unseasoned, Circutar, 1/50 to Circular, same None present No
beetles heartwood of logs and lumber 1/8in(0.5t03 diameteras
hardwecods and mm) diameter  holes; across
sofiwoods grain, walls .
: . stained
Wood- Sapwood and Slightly damp,  Raggedly round Circular,upto  Very fine powder Yes
boring heartwoodof - decayed P or gl%ngzte. 116in (1 g and very tiny
weevils hardwoods and 1/16t0 1/12in. mm)diameter  pellets, tightly
P softwoods (1.6 to 2 mm) packed
: diameter

*Pellets may be absent and frass tightly packed in hardwoods
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and psychological factors far outweigh prac-
tical considerations in many of these cases.

The method or methods that should be used
in the control of an active infestation of wood-
boring beetles depends on many things. Often
it is necessary to consider the possibility of
damage by the treatment as well as the proba-
bility of achieving control. Each problem must
be analyzed in the light of severity of infesta-
tion, possibility of reinfestation, type of wood
product being attacked, the area of the struc-
ture where attack is occurring, the speed of
control needed, and the cost to the property
owner, as well as the sociological and psycho-
logical factors.

For aesthetic reasons, it might be important
to provide immediate control to prevent any
further emergence of adult beetles from: in-
fested hardwood floors, -trim or cabinetry.

"". Likewise, if 2 house is for sale, immediate con-

trol might be necessary to render the property
marketable. Speed is not otherwise so impor-
1ant when the rate of development of the bee-
tles is considered. Several months of delay in
treatment afier an infestation is discovered is
usually of little consequence.

: M NORCHEKICAL COKRTROL

Alteration of environmental conditions in the
house might one day be the only procedure nec-
essary to eliminate some infestations of wood-
boring beetles. This is an area. currently under
study, and information that will be of practical
value should be available within a few years.

It is a well-established fact that no wood-:"
boring beetles found in houses develop rapidly®

in wood that is very dry. There are indications
that the most common anobiid beetles cannot
establish an infestation in wood belowabout 15
percent moisture content. For the old house
borer, the moisture requirement for establish-
ment is probably more than 10 percent. If the
use of vapor barriers, ventilation and central
heat can dry wood out and keep it dry enough,
the use of other control measures may not be
necessary. This method would not be a rapid
-means of control, and probably would not
completely replace others.

At the present time, it can only be recom-
mended that every effort be made to reduce the
moisture content of the wood 10 be protected.
If wood-boring weevils are the attacking spe-
cies, they can be completely controlled by re-
moving the cause of decay and dampnessin the
wood. Since they are dependent upon the
dampness for their survival, they will be indi-
rectly controlled.

M REPLACEMEKT OF INFESTED WOOD

Before any chemical control procedures are
considered, thought should be given to the fea-
sibility of simply removing and replacing the
infested wood. Under certain circumstances,

this is more effective and economical than-

other methods. It would, of course, not be prac-
tical except in limited infestations.
Also, the members to be replaced would

have to be reasonably accessible or the cost of -

labor in gaining access to them, and then re-
pairing the damage incurred in the process,

‘would be prohibitive. Wood in contact with

the pieces removed should be carefully in-
spected to insure that it has not also become
infested and, if not removed, would remain as

a source of future damage.

i REPLAGEMENT OF STRUCTURALLY
WEAKENED WOOD ;

Any wocd in the building which has been dam-

aged sufficiently for it to be structurally weakened

should be replaced or reinforced. This is the case
whether chemical control procedures for the in-
festation will be employed or not. If the weakened

wood,; or that with which it isin contact, isactively
infested with beetles, it should be replaced or-

reinforced with pressure-treated wood, or the re-
placement wood should be umted by snrfaoe ap-
plication of a residual insecticide as discussed
under preventive measures.

M RESIDUAL lRSECTlQIDES

There are 2 number of insecticides registered for
the control of wood-boring beetles in houses.
They range from an inorganic borate salt solution
(Bora-Care), a stomach poison, to several syn-
thetic organic compounds which kill on contact.
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Theseincludelindane, chlorpyrifos (Dursban),
and cypermethrin (Demon). Their label di-
rections vary as to the amounts that may be
applied, the methods of application, and the
sites that may be treated. The specific condi-
tions involved with each infestation should be
the guide in choosing the material to use.
Most infestations of wood-boring beetles in
houses are not widespread and inaccessible.
For thatreason, the treatment most commonly
used has been the surface application of re-
sidual insecticides to infested wood. When in-
festation is widespread in attics, crawl spaces
and other unfinished areas, all exposed wood

members are treated. This is the preferred -

method of control when there is no require-
ment that control be immediate. It sometimes
1akes from several months to a year or more for
aninfestation treated in this manner to be com-
pletely controlled, since it is not possible in
most cases to get complete penetration of the
insecticide into all of the infested wood.

_ The larvae in unsaturated areas tend to ’

avoid the treated outer layer of wood until they
complete their development, pupate, and at-
tempt to emerge as adults. When the contact
insecticides are used, most adults, in attempt-
ing to cut through the treated wood layer, are
Killed. If there are surfaces that are insuffi-
ciently treated or untreated because of inac-
_ cessibility, some adults may emerge. They are
asuvally killed, however, in the process of crawl-
ing over the treated surfaces of exposed wood
during the mating and egg-laying process.
Larvae hatching from eggs successfully laid
on treated surfaces do not survive their at-
tempt to bore into the wood. Thus, a high
degree of success results after sufficient time
has passed. Proper treatments remain effective
for several years. Where the borate saltsolution
(Bora-Care) is used, it is said to eventually

diffuse entirely through the wood and could’

conceiveab.ly provide permanent protection of
wood that is not exposed to wetting.

M TREATMENT OF UNFINISHED WOOD

There. are some differences in the way treat-
ment s performed on unfinished wood as com-
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pared with wood with an applied finish on its
surface. When raw, unfinished wood has been
heavily damaged by beetles, the powdered por-
tion should be completely removed. The frass
and wood fragments should be carefully
cleaned up, preferably with an industrial vac-
uum cleaner. If replacement or reinforcement
isneeded, this should be done priorto complet-
ing the treatment.

Where damage is lacking or is not severe, the
surfaces to be treated should be carefully
brushed to remove frass and dust clinging to
the surface. Suspended wood should be
pounded with a rubber mallet prior tobrushing
to vibrate loose frass from exit holes. Clean
wood is better penetrated by insecticides, and
new activity can be more easily spotted during
subsequent inspections.” 7 :

The currently labeled residual insecticides
are, in gerieral, to be applied as water emul- .
sions, the percent varying with the product.
The borate salt (Bora-Care) is a solution and
one formulation of chlorpyrifos (Whitmire PT
270 Dursban) is a solution in a pressurized
container.

If powderpost beetles are the problem, the
insecticide is applied to all exposed wood sur-
faces by brush, or as a wet spray, 10 the point-
of-runoff. The amount absorbed varies with
the amount of damage and the smoothness of
the wood surface; the rougher the surface, the
more absorbed. If a sprayer is used, very low
pressureand a fan-shaped spray pattern should

}ge used. This will prevent excessive misting
% nd bounce-back from the surface, thus reduc-
ing hazard and waste. .

If old house borers or other round headed
borers are being treated, a slightly different
treatment procedure is used. If only limited
areas are infested, especially in heavy wood
members, chlorpyrifos solution (Whitmire PT
270 Dursban) should be injected into the wood -
through 1/8 in (3 mm) holes drilled into the
infested wood according to the labeling. The
formulation will move down the grain of many
types of wood and will provide deeper penetra-
tion than surface spraying or brushing.

Old house borers can be treated by brushing



or spraying water emulsion on infested areasto
the point-of-runoff, as for powderpost beetles.
Penetration of wood surfaces with paint, var-
nish-or wax on them is not satisfactory unless
the material is removed before treatment, a
process not usually feasible. Treatments
should be applied only to known infested areas
and slightly beyond.

Asindicated previously, the borate salt solu-
1ion (Bora-Care) will penetrate slowly, by diffu-
sion, deep below the surface of wood. This
material will provide control of powderpost
beetles and the old house borer. Label di-
rections include the possibiity of applying the
solutionin attics and crawl spaces as a wet mist
with a fogging device as a supplement of brush
or spray application. This provides some ad-
vantage where access is limited.

M TREATMENT OF FINISHED
WOOD SURFACES .o

The beetles that attack hardwoods, the type of

wood most. often infested on the interior of
houses, usually will not lay their eggs on finished

" wood surfaces. Betause of this, such wood is.

physically protected from reinfestation except
for old exit holes and cracks and crevices which
allow the beetles access to unfinished areas. This
greatly reduces the potential for reinfestation
beyond the first generation.

* The problem of treating finished surfaces of
wood is rather complex. There are many types
of wood finishes, and each may react differently
101he chemicals. Since the treatment can dam-
age wood finishes, it is advisable to treat a
small, inconspicuous area for preliminary ob-
servation before treating infested finished
wood. There is also serious doubt that the in-
secticides penetrate through finished surfaces,
they may simply evaporate on the surface
(Bletchly, 1967).

Unless the finish can be removed, the only

‘beneficial treatment is the application of insec-

ﬁn_ide by rgpeatedly injecting it into the beetle
exit holes in the surface of the wood and into

open joints and crevices between boards. Whit--

mire PT 270 Dursban is presently the only avail-
sble formulation for this purpose. Since this

would result in good penetration of the wood
only if there were many exit holes, it would be
feasible only when heavy damage has occurred.
If interior tim can be removed, it might be
successfully treated through the unfinished sur-
faces by applying the insecticides as described
previously for unfinished wood surfaces.

N FUMIGATION

Infestations of wood-boring beetles are con-
trolled most speedily and completely by
fumigation. This is a very expensive process;
and it offers no residual protection from rein-
festation. Itisalso necessary for the residentsto
leave the premises for one or more days. But -
because of the turnover in home ownership
requiring certification that structures are in-
sect-free, fumigation has become a more com-
mon control procedure in spite of its
drawbacks. In addition to acting rapidly,
fumigants are useful when an infestation is
very extensive or is in building locations that
make other control procedures impractical.
Methyl bromide is the fumigant of choice for
the control of wood-boring beetles in houses. The
procedures for its use were discussed under dry-
wood termite control, and the reader is referred
10 that discussion. Fumjgaﬁon for wood-boring

. beetles is done in the same way, but instead ofa

concentraton of 2 pouhds per 1000 cubic feet
(0.91 kg per 28 cum) o uilding space, 3 pounds
(1.36 kg) is generally recommended, provided
the temperature is above 60 degrees Fahrenheit
(16 degrees Celsius). -
" The gas needs to be retained under the tar-
paulin for only 24 hours ifthe space is properly
sealed ahd 2 minimum of 0.5 pound per 1000
cubic feet (0.23 kg per 28 cu m) of gas remains
at the end of the 24-hour period. Manufac-
turer’s directions indicate that a higher dosage
is sometimes required and additional gas may
need tobe added during the fumigation period.
This is obviously a procedure for experienced
pest control technicians only. ' .
Sulfuryl fluoride, W. ich is commonly used
for drywood termite fumigation, is not as gen-
erallyused for wood-boring beetles becauseitis
not very effective against the egg stage. Because
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of some other advantages, sulfuryl fluoride has
been used by fumigators for beetle control. The
dosage used for control of adults and larvae is
the same as that for drywood termites.

This dosage is determined by the use of the
manufacturer’s “Fumiguide” which is used to
coordinate fumigant rates with site variables,
When control of the egg stage is desirable, the
manufacturer’s directions call for the use of
four times thé drywood termite dosage to con-
trol the old house borer and ten times the dry-
wood termite dosage to control powderpost
beetles. These high dosages render the cost pro-
hibitive and have greatly reduced general use.

Because of the expense involved in fumigat-
ing entire structures, attempts have been made
to treat localized portions of buildings by
covering them with plastic. Some fumigators
have covered hardwood wall cabinets with
plastic and released methyl bromide. Others
have tried fumigating crawl spaces by sealing
ventilators and covering the floor above with
plastic. These producedures are not usually

successful because of the rapid loss of gas |

through wall voids, etc.
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CHAPTER 4

WOOD-ATTACKING
WASPS, ANTS AND BEES

N INTRODUCTION

he insects to be discussed in this chapter all
belong 1o the order Hymenoptera. This is
.one of the largest insect orders and is beneficial
10 man since it contains the most important
insects (the bees) involved in the pollination of
plants. There are, however, a few families in

the.order that contain species which feed on or .

nest in wood.
The members of the order are characterized

by having four membranous wings (some are -

wingless), the front pair being much larger than
the hind pair. The order name, Hymenoptera,
means “membrane wings” and refers to the
charactenistically thin, clear or translucent
‘wings. There is a great diversity of habits and
complexity of behavior represented in the
order.

- Theantsand some of the bees and wasps, are

social insects. The adults have chewing type
mouthparts. The ovipositor (egg depositor) of
the female, located at the tail end, is often
‘modified into a sting (bees and wasps) ora long,
slender structure (horntails). The Hymenop-
‘tera undergo complete metamorphosis during
their development. The larvae of those associ-
ated with wood are all grublike, usually legless
and pale, yellow-white in color with slightly
darker mouthparts.

The type and amount of damage done to
wood by hymenopterans varies with the partic-
ular family. Only the homntails (family Sir-

icida€) bore in wood and make galleries packed

‘with frass. The carpenter ants (family
Formicidae) and carpenter bees (family An-
‘:t'hqxa'horidae) make hollows in the wood for
nesung purposes only, and keep the hollows

108 WOOD DESTROYING INSECTS

clean and free of frass. Although the amount of
damage done to wood in use cannot rank these
insects as major pests, they are common
enough and conspicuous enough to warrant
their consideration in this manual.

THE HORNTAILS
OR WOOD WASPS

Because of their supefﬁcially wasp-like appear-

" ance, the horntails are often called wood wasps.

Some authors refer to them as siricids, from the
family name Siricidae. In both sexes the last
segment of the abdomen bears a hornlike pro-
jection. This distinctive structure gives them
the widely used common name of horntails.
The female bears a long, slender terminal

- - ovipositor as well. .

The following discussion of horntails in this
manual is not included because they are very
common wood pests or because they create a
significant amount of damage to structural tim-
bers when they do occur. Rather, this discus-
sion is included because horntails occasionally
appear in large numbers in houses constructed
of infested wood.

In such cases the adults make conspicuous
exit holes in finished surfaces and are very
conspicuous and noisy when they fly about
indoors. Equally important is the fact that
wood showing evidence of past attack by
horntails is sometimes included in structures.
The significance of such damage should be un-
derstood by those concerned with the struc-
tural soundness of buildings constructed with
such wood.
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CHAPTER 4 ,

WoOD-ATTACKING
WASPS, ANTS AND BEES

B INTRODUCTION

'I' he insects to be discussed in this chapter all
belong to the order Hymenoptera. This is
one of the largest insect orders and is beneficial
10 man since it contains the most important
insects (the bees) involved in the pollination of
- plants. There are, however, a few families'in
the order that contain species which feed on or

. pestinwood. - . .
The members of the order are characterized .

by having four membranous wings (some are

wingless), the front pair being much largerthan

the hind pair. The order name, Hymenoptera,
means “membrane wings” and refers to the
characteristically thin, clear or translucent
wings. There is a great diversity of habits and
complexity of behavior represented in the
order.

The ants and some of the bees and wasps, are
social insects. The adults have chewing type
mouthparts. The ovipositor (egg depositor) of
the female, located at the tail end, is often
modifiedinto a sting (bees and wasps) ora long,
slender structure (horntails). The Hymenop-
tera undergo complete metamorphosis during
1heir development. The larvae of those associ-
-ated with wood are all grublike, usually legless
and pale, yellow-white in color with slightly
-darker mouthparts. _

The type and amount of damage done to
wood by hymenopterans varies with the partic-
ular family. Only the horntails (family Sir-
icidae) bore in wood and make galleries packed
with frass. The carpenter ants (family
Formicidae) and carpenter bees (family An-
ﬂmp.horidae) make hollows in the wood for
nesting purposes only, and keep the hollows
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clean and free of frass. Although the amount of
damage done to wood in use cannot rank these
insects as major pests, they are common
enough and conspicuous enough to warrant
their consideration in this manual.

THE HORNTAILS
OR WOOD WASPS

Because of their superficially wasp-like appear-
ance, the hontails are often called wood wasps.
Some authors refer to them as siricids, from the -

‘family name Siricidae. In both sexes the last

segment of the abdomen bears a hornlike pro-
jection. This distinctive structure gives them
the widely used common name of horntails.

" The female bgars a long, slender terniinal

ovipositor as well.

The following discussion of horntails in this
manual is not included because they are very
common wood pests or because they create a
significant amount of damage to structural tim-
bers when they do occur. Rather, this discus-
sion is included because horntails occasionally
appear in large numbers in houses constructed
of infested wood.

In such cases the adults make conspicuous
exit holes in finished surfaces and are very
conspicuous and noisy when they fly about
indoors. Equally important is the fact that

wood showing evidence of past attack by -

homntails is sometimes included in structures.
The significance of such damage should beun-
derstood by those concerned with the struc-
tural soundness of buildings constructed with
such wood.



WM FAMILY CKARACTERISTICS

There are about 50 different species of
horntails in the family Siricidae, approxi-
mately 20 of them occurring in the United
States. They belong to four different genera,
one of which infests hardwoods. Those inall of
1the other genera attack softwoods, and some
are common pests of coniferous trees used for
construction lumber.

The adults are large, superficially wasplike
insects usually an inch (25 mm) or more in
length. Theydifferin appearance from waspsin
that their bodies are broadly joined together
between the thorax and abdomen rather than
having a thin “waist” as do wasps (Fig. 4-1).
The females are usually larger than the males

and have a long ovipositor, which the males

lack. Sizes of individuals vary greatly, even in

the same species: The adults of. the. species

which attack softwoods are usually black or
dark metallic blue, sometimes in combination
with markings which are yellowish, reddish or
‘brown. Neither sex bites nor stings, in spite of
their dangerous appearance.

The larvae are whitish to creamy yellow in
eolor, usually cylindrical, have very short legs
and on their posterior end, a small, dark horny
spine which they use for packing frass behind
them (Fig. 4-1C). When they are removed from
1heir galleries, they tend to take on a slighly S-
shape, with their heads bent down and their
1ails tumed up. Depending on the usual size of
1he species, they may be up to 1-3/4 inches (45
mm) long.

EDISTRIBUTION AND
ECONOMIC IMPORTANCE

Species of horntails occur naturally in all parts
of the contiguous states where the host trees
prow. Those that attack softwoods have been
dispersed in infested lumber to many areas
where they do not occur naturally. Therefore,
homtails may occur in wood in houses in all
parts -of the United States or its territories.
“There is one species, the pigeon tremex, which
artacks hardwoods. This species is widely dis-
1ribnted in the United States and southern

Canada. Indoors, it is found emerging from
hardwood fireplace logs, but is a nuisance only
and not a pest of structural wood.

Horntails are not considered to be primary
forest pests, since they attack trees which are
declining or dying from fire, disease or insect
damage or other natural causes. They alsohave
been reported to infest newly felled logs and
freshly sawed lumber, even redwood, a species
usually resistant to insects.

The major economic losses caused by
hormntails result from the larval and adult bor-
ings in trees. The borings reduce the quality of
the lumber, leading to its being downgraded.
Horntails cause damage in new structures by
the emergence of adults from infested struc-
tural lumber through various finished surfaces

covering the wood. Instances of damage in .

houses have not been very frequent, but in-
festations may be very serious when they do
occur. Horntails are serious pests when numer-
ous, not because of severe damge 10 structural
members, but because the exit holes are very
conspicuous and the adults are very noisy and
appear to be dangerous.

MBIOLOGY AKRD HABITS

Very little study of the biology of North Ameri-
can species of horntails has occurred. Morgan
(1968) provided a comprehensive review of

FIGURE 4-1. A. Adult female horntail. B. Adult
male. C. Larva in gallery. D. Exit hole made by
adult. Courtesy of University of California,
Berkeley.
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available literature, and much of the informa-
1ion reported has come from that source.

The adults are active in bright sunshine dur-
ing the late spring, summer and early fall. Mat-
ing takes place in the treetops, and the females
descend to the trunks of trees to lay their eggs.
Horntails attack trees which are in a natural
decline or have been cut recently. The female
snserts her slender ovipositor into the barkand
wood 1o a depth of 5/16 to 13/ 16 inch (8 to 20
mm) and deposits several eggs, withdrawing
herovipositor slightly aftereachegg isreleased.
This process is repeated over a priod of about
10 days. Depending on the species, the female
may be capable of laying from 300 to 4,500
egps. At the time the eggs are laid, spores of
fungus stored in special glandsatthebase of the

_ ovipositor are introduced into the egg tunnel.

The fungus grows rapidly prior to the hatch-
ing of the eggs and provides the larvae with
nourishment. According to Morgan (1968) the
larvae do not swallow any wood, but secrete
saliva which digests the fungal material in the
wood, and they then ingest the predigested nu-
trients. The wood fragments which they have
chewed off are passed behind them after the
fungal nourishment has been extracted. Since

the larvae depend on the fungal growth for
food; the wood which is attacked must beina
condition to support its growth. This generally
means that the moisture content must be
above the fiber saturation point (30 percent).

The voung larvae bore cylindrical tunnels at
right angles to the oviposition tunnel. They
feed at first in the sapwood but, as they become
larger, they go into the heartwood. After feed-
ing for a time there, they turn outward and
tunnel back into the sapwood. Thus, the larval
tunnel is typically roughly C-shaped and from
101030 inches (25 t0 75 cm long) long, depend-
ingon the species. -

‘As the larvae tunnel, they pack the frass
tightly behind them. They also include in the
frass their larval skins, which are shed each
time they molt. There may be 3 or 4 molts, and
1he larval stage may require 2 or 3 years to be
completed outdoors. If the wood dries out
quickly, as it does in lumber sawed from in-
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fested logs, the time for development may be
prolonged to 4 or 5 years.

Pupation occurs in a silken cocoon spun at
the end of the larval tunnel at various depths
usually 3/4 to 1 inch (18 to 25 mm) below the
surface of the wood. If the tunnels are too deep,
as they often are, the adult is unable to chew its
way out and dies in the tunnel (Chandler,
1959). The pupal stage lasts approximately 6
weeks.

The adults make perfectly round exit holes
as they emerge. The holes may be cut through
many types of materials covering the wood in
which they developed. Adults have been re-
ported emerging through hardwood floors,
wood siding and paneling, plaster and plaster-
board, and even sheet lead of considerable
thickness.

M SIGNS OF INFESTATION

The most common evidence of horntail in- -
festation found by inspectors is tunnels tightly
packed with frass, with the tunnels visible on
the surface of the wood where they have been .
sawed.through in the milling of the lumber.
If the infestation has been active, there may
be adult exit holes through the surface of struc-
tural members or through any of the materials

. which have been ‘applied over the infésted -

wood. Frass beneath exit holes is seldom re-
ported (Ebeling, 1975). Exit holes usually ap-
pear within the first 3 years after the wood has
been used in construction. '

It would be pure coincidence if the inspector
found live adult horntails, but dead ones might
be fiund around screened ventilators orin spi-
der webs. The horntails might also bedescribed
by the occupants of the house ifemergence has .
occurred indoors at a time when they would
have been noticed.

B CHARAGTERISTICS OF
DAMAGED WOOD |

Both the exit holes and the larger tunnels are
circular in cross-section and 1/6 to 1/4 inch (4
to.6 mm) in diameter (Fig. 4-1D). There is
considerable variation in the size of the tunnels
because of their being made by young and old



Jarvae and because of natural differences inthe
Sizes of various species of horntails. The tun-
nels exposed by the milling of the lumber may
appear to be oval in cross-section because of
the angle at which they were cut. )
They wind in many directions in the heart-
wood and sapwood and are tightly packed with
coarse frass which cannot be easily jarred or
shaken out, unlike that of the old house borer.
The tunnels quite commonly are surrounded
by soft, decayed wood. When viewed in cross-
section, there sometimes is a faintly grayish
staining visible in light-colored wood as a thin
“halo” a few millimeters from the tunnel. This
staining is associated with the fungal attack.

MPOTENRTIAL FOR DESTRUCTION

The amount of horntail damage found in struc-
qural timber is usually so small as to be of no
practical concern. When 2 live infestation is
incorporated in a new building, larval develop-
ment may ‘proceed, and adult horntails
eventually emerge. However, since they are
unable to reinfest seasoned wood, such live
infestations and any resulting damage are usu-
ally unimportant. Probably the greatest con-
cern is the alarm caused by the dangerous
looking, but harmless, adults that might
emerge indoors. There is one report of a mass

" exodus from a housing project in Wisconsin .

when large numbeérs of horniails emerged in
the new homes (Friis, 1961).

M PREVEKTION

Damage caused by horntails to wood in use can
be prevented by proper kiln-drying of green
lumber sawed from infested logs. Although
Kiln-drying will kill horntail larvae that have
survived the milling operations, the relatively
lowvalue of such lumber-made this treatment
economically impractical in the past. There are
current indications that the value of even in-
sect-damaged lumber is great enough to war-
rant kiln-drying. If kiln-drying is not specified,
some infested lumber will no doubt continueto
be used in new construction and will result in
problems with adult emergence during the first
‘210 4 years of the structure’s existence.

M INSPECTIOR

When inspecting a house for the presence of
wood-destroying insects in general, evidence of
horntail larval damage may be encountered on
the surface of any of the exposed, unpainted
wood. The round exit holes of the adults may be
found on the outside of the sjructure in wood, or
extending through wood or composition siding
or trim. Inside, they may be encountered in any
wall, ceiling or floor material or trim covering
coniferous wood structural members. No special
procedures, other than careful visual inspection,
are necessary to determine the presence or ab-
sence of horntail damage. .
Homtails are of such minor economic con-
cern in structures that it is only important to
correctly identify the evidence in order to place
itin proper perspective and to reduce the prop-
erty owner’s or buyer’s anxiety. - - .

NMCORTROL

In most cases where structural timbers ina =~
house are infested, no control is necessary,

since the emergence of the adults marks theend
of the infestation. .

Exit holes exposed to the weather probably
should be sealed with an appropriate filler ma-
terial to prevent water seepage and subsequent
decay. Those holes found indoors in living
spaces should' likewise be filled and spot
painted. Because there can be several different
emergences over a period of time as a result of
different infestations and different environ-
mental conditions in the wood, it is most prac-

tical to wait until about 3 yearsafter a house is -
constructed to patch and repair damaged areas

indbors.

In those rare instances where it is vital to
stop the continued emergence of adults,
fumigation of the structure underatarpaulinas
for drywood termite control is a possible an-
swer. Horntails are much more difficult to kil
in wood than are many other wood borers.
They burrow more deeply than many, and
their frass is packed extremely tightly in the
galleries. -

There are British reports of successful
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. FIGURE 4-2. A. Carpenter ant queen with wings.
B. Male carpenter ant. Courtesy Connecticut
- Agricultural Expetiment Station.

fumigation of timbers up 10 4 inches (10 cm)
thick by using 3 pounds of methyl bromide per
1,000 cubic feet (1.36 kg per 28 cm m) applied
for 24 hours at not less than 90°F (32°C)
NPCA, 1964. They also report an apparently

~ successful sulfuryl fluoride (Vikane) fumiga-
tion of an apartment house in California using
2 pounds per 1,000 cubic fee1 (0.9 kg per 28 cu:
m) for 24 hours. Any such treatments would be
restricted by labeled dosage rates current atthe
time of application.

CARPENTER ANTS

Ants that damage wood are known as carpenter
ants. As do all other ants, they belong to the
family Formicidae. There are over 500 native
species in this family, but only a very few of
them are of any concern as destroyers of wood.
All of the carpenter ants of economic impor- -
1ance belong to one genus, Camponotus, and
are very similar in appearance and habits. For
that reason, it is not necessary to discuss each
species separately.
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@ CHARACTERISTICS
Carpenter ants are among the largest species of

- ants that occur in the United States. Several

castes or forms of adults are found in mature

colonies. There are queens (winged and un-

winged), winged males and several sizes of un-

winged workers. The winged queens (alates)

may be up to 3/4 inch (18 mm) long including

the wings (Fig. 4-2A). The males are consider-

ably smaller, being up to 7/16 inch (11 mm)
long (Fig. 4-2B).

There is usually only one functional, wing-
less queen in a colony, and she is up to 9/16
inch (14 mm) long (Fig. 4-3A). There are sev-
eral sizes of workers. The minor workers are
the smallest, averaging 5/16 inch (8 mm) in
length (Fig. 4-3C), though some species may be
smaller. The major workers are up to 7/16 inch
(11 mm) long (Fig. 4-3B) in the common spe-
cies and may be slightly larger. There are sev-
eral sizes of intermediate workers in between
the two extremes.

FIGURE 4-3. A. Wingless carpenter ant queen.
B. Major worker. C. Minor worker. Courtesy
Connecticut Agricultural Experiment Station.

",



The carpenter ants are typical of all ants in
having a very narrow waist (unlike termites)
and wings of two different sizes, the front ones
much larger than the hind ones (unlike ter-
mites with equal-sized wings). The adults of
those species found nesting in houses are pre-
dominantly black. However, some may be par-
tially reddish-brown to yellowish.

The larvae are small, legless, white and
grublike. They are helpless and must be
moved, fed and cared for by the adults.

The pupal stage which follows larval devel-
opment is completed inside tan or cream-col-
ored silken cocoons which are often
erroneously referred to as “ant eggs.”

m DISTRIBUTION AND
ECONOMIC IKPORTANCE

Various species of carpenter ants occur in all
parts of the United States, even at elevations
up 109,000 feet (2,700 m). In the Pacific North-
* west and in the Northeast, they are considered
10 be the most common pests of wood in struc-

tures. In the Caribbean region they are of little, -

if any, importance in houses. They are occa-
sionally pests in Hawaii in areas recently
cleared of chaparral. Houses near wooded
areas, cleared land, or brush-covered vacant
lots are more likely to be invaded. Disturbing

natural nesting,areas triggers movement 1o .

structures (Furniss, 1944).

Carpenter ants are generally of relatively lit-

tle economic importance as destroyers of wood
in houses. If an infestation is of long standing,
however, there may be enough damage to re-
quire extensive repairs. Usually, at most, only
minor repairs are needed. Besides causing
some damage to wood in buildings, carpenter
ants are also nuisances in the same way that
other ants are when they crawl around in
houses foraging for food or water.

MBIOLOGY AND HABITS

Carpenter ants, as all ants, are social insects.
“They live in colonies composed of individuals
having different forms (castes) and performing
different functions in the colony. As previously
described, the adult forms in a colony consist

of various sizes of workers and the wingless,
egg-laying queen. When a colony hasreacheda
certain stage of development, and at certain
seasons of the year, there are also numerous
winged males and females present.

The native carpenter ant that has had its
biology most thoroughly studied is the black
carpenter ant, Camponotus pennsylvanicus
(DeGeer). Itis very common intheeasternand
central United States. Most of the information
which follows applies to that species, but vari-
ous reports on other native species indicate
that their biology and habits are similar.

Anytime from early spring until the mid-
summer months, rather large numbers of
winged males and females emerge from estab-

" lished colonies. Environmental mechanisms

trigger the “swarming,” since flights occur si-
multaneously in a general area, sometimes
over a period of several days. This allows
breeding of individuals from different colo-
nies, an important genetic consideration since
all of the members of a colony are usually the

offspring from a single pair. Mating occurs in

_ flight. The males die shortly thereafter, and the

females begin a search fora place 10 establisha

new colony. The female breaks off her wings

just before or just aftera nesting site is selected.
Carpenter ants burrow into wood to make
nests, not for food. In nature, they make their

. nests in dead portions of standing trees,

stumps, logs, or under fallen logs or stones,
sometimes with galleries extending into the
ground. They also nest in structural timbers if
they find suitable conditions. Most species pre-
fer o nest in moist wood that has begun to
decay. They attack both hardwoods and soft-
soods. Laboratory experiments indicate that
the black carpenter ant cannot successfully es-
tablish a colony in wood below 15 percent
moisture content (Simeone, 1954). The mated
female finds a small natural cavity in wood or
soil, or excavates one, and seals herselfin with,
a wood fiber mixture. Within a few days she
begins to lay her first brood of 15 to 20 eges.

Under favorable temperature conditions, these

hatch into larvaein approximately 3 weeks. .
The queen cares for the larvae and feeds
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them with a fluid secreted from her mouth.
This nourishment is derived from stored fat
and from metabolic conversion of the now-

useless wing muscles. During the two or more .

months required for the development of the
first brood into workers, the female never
leaves the brood chamber or takes any nourish-
ment. The resulting adult workers are all very
small, but immediately 1ake over responsibil-
ity of caring for and providing food for the
incipient brood and for the qucen. They en-
large the nest as the colony population in-
creases. The queen’s sole responsibility then
becomes egg laying.

In subsequent generations, workers of vari-
ous sizes are produced. They are all females,
but are undeveloped sexually and do not pro-
duce eggs. In general, the Jargest ants guard the
nest, battle enemies, forage for food, and bring
food to the nest, where it is transferred to the
smaller workers. The smaller workers pri-

marily expand the nest and care for the young.-

These ants cannot sting. But they have the
ability to bite painfully, and can emit formic
acid as an additional defense. o

The food of carpenter ants consists pri-
marily of honeydew, which is sweet, partially-
digested tree sap gathered by the workers from

" aphids and some other insects which they find
on foliage and roots of trees. Carpenter ants -
also feed on the remains of insects and on plant’

‘and fruit juices. When they forage inside
houses for food, they are attracted to sweets
and to most kinds of meats, grease and fat.
Most of the food gathered by the workers is
consumed instead of being carried back t0 the
nest. Workers feed the other colony members,
adults and larvae, by regurgitating food and

transferring it mouth-to-mouth.

During the first year the colony remains

small, consisting of the queen, about 10 to 20
workers and some immature forms. In succeed-
ing years the population grows rapidly until it
numbers 2 or 3 thousand individuals. It usually
requires 3to 6 years for this sizetobe reached,at
which time winged reproductives (swarmers or
alates) are produced each year. Swarmers usu-
ally appear inlate summer, but spend the winter
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in the nest and emerge the following spring or
summer. Colonies rarely grow larger at this
point, but they indefintely continue to produce
reproductives and replenish the workers which
die. If the colony becomes stressed from lack of
food and water, they will resort to cannibalism,
and the queen, with a few workers, will survive
for long periods.

Houses are very commonly infested by the
movement of a colony, or part of a colony, into
the structure. Fertilized queens also establish
new colonies in houses. In structures, timbers
that are soft, damp and partially decayed are
most frequently selected as nesting sites by car-
penter ants. There are-some species that are
capable of nesting in sound wood, but even
these prefer softened wood to start a nest. Once
a nest is established, the workers will extend

_the galleries into sound wood adjacent to the

partially decayed portiori. . .
It is not uncommon for carpenter ants to
nest in houses without attacking the timbers.

They simply ‘use existing cavities, including ~

wall voids, hollow flush panel doors, termite
galleries in wood, etc., in almost any part of a
house. In undisturbed areas such as attics, in-
side stored furniture, and on seldom-used
shelves, they may establish a nest in debris or
even out in the open. They sometimes nest in

_foamed plastic or fiberglass insulation. Con-

sequently, carpenter ants cannot always be
considered pests of wood. Occasionally, they
occupy an existing cavity indoors and then
expand it by invading adjacent timbers.
Whether for nesting or for foraging only,
carpenter ants enter houses in many different
wys. Tree branches or power or telephone
lines contacting a house are a source of access.
Carpenter ants get inside through cracks and
crevices around windows, in foundation walls, -
through ventilation openings, and through
heating ducts and air conditioners. They can

also be brought into the house in firewood.

% SIGNS OF INFESTATION ™ -~

The most obvious sign of infestation is the |
sighting of large, black workers inside the
house. Occasionally, 2 person will tum on a

‘5



Tight in a Kitchen or bathroom at nightand find
Jarge numbers of the ants seeking water in the
sink. During very warm weather, the ants are
mosi active at night, and daytime activity is so
reduced that there may be little evidence of the
ants except after dark. The ants are active the
year round if nesting in heated portions of
houses; otherwise, they become inactive dur-
ing cool weather.

During the spring or early summer, there
may be swarmers inside or around the house.
Those indoors tend to fly toward the windows
and to congregate there.

There may be piles or scattered bits of very
fibrous and sawdust-like frass which the ants
have removed from the wood. If from decayed
wood, the pieces tend to be darker and more

square-ended. The frass can be distinguished

from sawdust produced during construction,
orfrom the very similar carpenter bee frass, by
the fact that there are fragments of ants- and
other insects mixed with the wood fibers. The
frass is expelled from cracks and crevices or

' from slitlike openings called “windows™ made
by the ants. The frass is quite often found in
‘basements, dark closets, attics, under porches,
and other out-of-the-way places.

‘The slitlike openings are themselves a posi-
tive sign of ihese ants when found in associa-
tion with other evidence. They usually are
direcily above the frass.

Faint rustling and even gnawing sounds can
be heard in the wood or cavity when ants are

active. The sounds can best be heard when

background noise is at a minimum.
On very rare occasions, there might be ac-
tual failure of wood in service. This will usually

‘be result of some sudden excessive stressonthe

damaged member, such as a shift of heavy
furniture, a wind storm, or a heavy snow accu-
mulation on a roof.

¥ CHARACTERISTICS
OF DAMAGED WOOD

The damage to wood is discovered when the
surface is broken open. The only external evi-
dence of attack is the small, inconspicuous
“windows” made in the surface by the ants.

The galleries extend both.along the grain of
the wood and.around the annual rings. The
softer, spring growth (early wood) tends to be
removed first. The harder-grained summer
wood is penetrated at frequent intervals, so
there is complete access between the galleries
(Fig. 4-4). The surfaces of the galleries are as
smooth as if they had been sandpapered and
are perfectly clean. The general appearance of
the galleries is similar to those rhade by dry-
wood termites, but there are no fecal pellets,
and the frass is completely removed except for
occasional deposits in unused galleries.

M POTENTIAL FOR DESTRUCTIOK

Carpenter ants do not pose a serious threat to
the soundness of structural timbers unless they
are ignored for long periods of time. If the

occupants of the house dre aware.of the numer- -

ous worker ants in the vicinity of the house and

_see the swarmers produced each spring or sum-

mer, they cannot remain unaware of the pres-
ence of an infestation. Once the infestation is

. discovered, control measures can simply and

effectively stop the problem quickly.

If the ants are ignored, there can be destruc-
tion of wood, and expensive repairs may be
needed. This most often occurs in recreational
structures that remain unoccupied for long pe-
riods of time and that may be constructed in
such a place and in such-a way as to invite ant
invasion. :
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FIGURE 4-4. Carpenter ant damage. From

. Insects Affecting Forest Products and Other

materials by W.J. Chamberiain. Used with
permission of Oregon smte University.
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M PREVENTION

The prevention of- attack by carpenterantsis in
inany ways similar to the prevention of subter-
ranean termite attack. Since carpenter ants are
most likely toinitiate attack in damp wood that
has partially decayed, this condition should be
avoided. Proper clearance between wood and
soil, good drainage and ventilation, properroof
flashing, and tight exterior wood joints are all
good preventive practices. If wood is likely to
be wetted from time-to-time, it should be pres-
sure-treated as described for subterranean ter-
mite prevention. Areas such as wooden
porches and wooden support columns are par-
ticularly susceptible to decay and to ant attack.
Proper maintenance of all these features is
equally important.

Proper sanitation of the building site will
help reduce the chance of attack. All stumps,
logs, wood debris, etc., should be removed
from the vicinity of the house. Firewood
should not be stored near the house, and it
should be carefully inspected for carpenter ants
before being brought indoors.

Where the size of the lot permits, any ant
colonies within 100 yards (90 m) of the house
should be destroyed by removal or treatment

“with chemicals as will be indicated in the con-
trol section. - '= T

These procedures' will not totally prevent.
carpenter ant attack in houses, but they will
greatly reduce the incidence of invasion.

s JNSPECTION

Inspection for carpenter ants begins with an -

interview of the occupants of the property.
They should be asked 'about the presence of
ants and where they were seen. They also
should be asked whether they have found any
ant frass or if there are moisture problems in
any part of the structure. o

The most difficult and most important part
of the carpenter ant control is Jocating the nest
or nests. Once they have been found, control is
relatively easy. Therefore, inspection pro-
cedures should be aimed at finding the nest
sites, both indoors and outdoors.

The most obvious places to look for car-
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penterants are those areas most likelytohavea
high moisture content. These include the bases
of wallsin closest proximity to the soil, wooden

* porch floors and columns, wood subject to

plumbing leaks and condensation, window
and door sills, roof edges, areas around roof
flashing, and areas between roof and ceiling in
flat-roofed decks or porches. Any wood in soil
contact should be carefully examined, whether
it be a structural member or wood debris. In-
spection for these conditions would require
careful examination of the outside of the struc-
ture as well as in the attic and crawl space or
basement. .

Since carpenter ants do not confine their
nests to damp wood, it is equally important to
examine the interior of the house for signs of
ant activity. They have been found-nesting in
virtually every part of houses. The edges of
floors and ceilings and window and door trim
should be carefully examined. Ants commonly
nest in wall voids above windows and-doors
and inside hollow doors. The inside of fur-
niture in long-term storage should be carefully
inspected. - .

In addition to the house itself, the inspector
should look for ant colonies and ant activityin
the yard near the house. Trees, fence posts,

. stumps, and logs should all be examined for

signs of ants. - i . -
When the ants themselves are found, they
should be observed long enough to determine
the general direction in which they are travel-
ing. It is then possible to. follow them back to
the nest area. If the exact site of the nest is not
obyious, pounding on the wood and listening
for the typical dry, rustling sound produced by

the ants is helpful in pinpointing the location.

H CONTROL

In order to obtain satisfactory control of car-
penter ants as nuisances, it is necessary to treat -

_ all colonies both in and near the house.

~ Once ihe nests have been located, they- .
should be treated with residual contact insec~ °.
ticide applied asa dust orspray. Itissometimes
helpful to drill 1/4 inch (6.25 mm) holes at 1-
foot (30 cm) intervals into the galleries or into



the void in which the nest occurs. A nozzle
fitting tightly into holes should be used to get
good coverage. After treatment, the holes
should be plugged with short lengths of wooden
dowel—or with corks—of proper size. Dusts
are particularly effective in the nests. All of the
approachesand areas surrounding the nestalso
should be treated.

Indoors, this is best accomplished by spray-
ing. Simply treating the areas where ants are
seen and not locating and treating the nests is
seldom satisfactory. Some of the ants do not
Jeave the nest and would not be affected by
such a treatment. Considering that individual
carpenter ants can live for 6 months or more
without feeding, it is obvious that nest ireat-
ment is essential.

Any of the insecticides which are currently
Iabled for ant control should be effective if the
nests are carefully treated. Examples of such
insecticides are bendiocarb (Ficam), boric
acid, chlopyrifos (Dursban), cypermethrin
(Demon), diazinon, fenvalerate (Tribute), pro-
poxur (Baygon), and sodium borate.

Indoors, galleries and wall voids can be
treated with silica aerogel (Drione; Whitmire
PT 230 Tri-Die) or boric acid dust, which will
provide long-term residual protection if the

“ireaied areas are dry.© - ;

In order to aid in carpenter ant control and
10 help prevent future attacks, high moisture
conditions in wood in the structure should be
eliminated.

CARPERTER BEES

The common name of carpenter bees isused *

for two closely related groups of bees in the
family Anthophoridae. One of the two groups
are small, metallic-colored bees that nest in the
stems and canes of pithy plants (genus Ce-

rating). They will not be treated further. The.

other group are all larger and belong to the
single genus, Xylocopa. They construct nests in
wood, occasionally in structural timbers, and
are the subject of the following discussion.

m CHARACTERISTICS

There are nine species of the larger carpenter
bees in the contiguous states (NPCA, 1963),
and at least one species in Hawaiiand in Puerto
Rico. The adults are generally stocky, black or
blue-blackin color, and up to 1inch (25 mm)or
slightly more in length. The thorax is covered
with yellow, orange, Or white hairs, and the
abdomen, especially on the top side,isbareand
shiny. The yellow-marked eastern species espe-
cially resembles bumblebees.

Some of the species have greenish or pur-
plish reflections and, in some, the males are
entirely buff or pale yellow. They may be dis-
tinguished from bumblebees by the fact that
they are bare on top of the abdomen instead of
covered with hair as are the bumblebees (Fig.
4-5). Also, female carpenter bees have a dense
brush of hairs on the hind legs, as compared
with the more openly constructed pollen bas-
kets on the legs of bumblebees. ]

The larvae are white, legless, and grublike: -
and remain entirely inside the wood. The
pupae start out very light-colored and gradu-

~ ally darken to more nearly resemble the adults

as they develop. They likewise, remain entirely -
in the wood. i\

FIGURE 4-5. Carpenter bee adult. Courtesy of
F. E. Wood, University of Maryland.
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W DISTRIBUTION AND
ECONOMIC IMPORTANCE

Of the species of wood-invading carpenter bees

in the contiguous states, only three nest consis-

tently in structural timbers (Hurd, 1958). They
are found in virtually all parts of the country
and can be transported in infested wood from
one area 1o another. There is one species in
Hawaii that nests in structural timbers. It has
been introduced into the Mariana Islands
(Hurd, 1958). There are carpenter bees in Pu-
.erto Rico, but they are of no concern as pestsin
:structures (personal communication, July
1975, Luis F. Martorell, Professor Emeritus,
Department of Entomology, University of Pu-
erto Rico, Rio Piedras, Puerto Rico).
Carpenter bees are most often simply nui-
sances in and around structures. They are con-
. fused with bumblebees by homeowners who
are concerned abouit being stung. The male
bees are very aggressive and behave as if they
willattack intruders into-the nest area. They do
not possess stingers and are harmless. The
females are not aggressive and, although they
are capable of doing so, very seldom sting un-
less handled or otherwise seriously molested.
Structural damage by carpenter bees in
occupied buildings is seldom of any conse-
_quenge. They are large, noisy insects, and
make rather conspicuous holes in wood. For
these reasons, they atiract much atténtion
when present and should be recognized so
that }heir relatively minor potential for

damage can be properly evaluated.

M BIOLOGY AND HABITS

Xylocopa virginica (L.), known by the ap-
proved common name *‘carpenter bee,” is the
most prevalent wood-attacking species east of
the Rocky Mountains. The biology of this spe-
cies has been described in great detail (Rau,
1933; Chandler, 1958; Balduf, 1962), and the
life history of this species will illustrate the life
history of carpenter bees in general.

The adults overwinter in abandoned nest tun-
nels. They emerge in the spring, usually April or
early May, and feed on nectar. Mating occurs
within a few weeks, after which the males die.
Activity continues year around in Florida, where
there are two generations per year.

Mated females begin to prepare nests either
by excavating a new tunnel or, more often,

. cleaning out 'and expanding an old gallery.

Many females live two years, and often two or
three females are present in each nest, but only
one works and lays eggs (Gerling and Her-
mann, 1978). When several generations of bees
have shared a common nesting site, the galler-

ies may become quite branched arid intercon- - -

nected (Fig. 4-6).

The original entry is most commonly made
by the female boring into the lateral face of a
structural timber in a well-lighted bt sheltered -

location. Entry is less often made on the under= '

side or end of 2 board. The hole is perfectly
round and approximately 1/2 inch (12 mm) in

FIGURE 4-6. Carpenter
"bee nests as

constructed in a 1in. by
4in. (2.5 cm by 10 cm)
board. E designates
the entry hole on the
narrow face of the
‘dboard. Adapted from
Balduf, 1962. Used with
permission of the

Entomological Soclety
of America.
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diameter. Except when started on the end of a

‘board, the tunnel tums abruptly at a right an-
gle, after being extended approximately the
length of the female’s body across the grain of
1he wood. The tunnelisextended withthe grain
from 4 1o 6 inches (10 to 15 cm) in a new site.

An old gallery may be extended or used
without further burrowing. If an old gallery is
tepeatedly extended by succeeding genera-
1ions, it may ultimately reach 6to10feet (2103
m) in length. The galleries are excavated solely
by the females’ using their mandibles (jaws),
and are almost always a constant distance from
each of the two wide faces of the timber.

The female provisions the end of the brood
gallery with a mass of pollen and nectar ap-
proximately the size of her abdomen and lays
an egg on the mass. She seals off this portion of
the gallery with a partition composed of wood
pulp-and saliva. The process is repeated at the
rate of one a day until, usually, there are six
cells in a row.

Having completed their function, the adults
slowly decline, and die within a few weeks.

“The development from egg to adult requires 5

10 7 weeks, depending on average temperature.
“Those bees which occur in the foothills and
‘mountains along the West Coast (Xylocopa 1ab-
aniformis orpifex Smith) require up to 3 months
10 complete development. Following emergence
from the pupal stage, the adult bees remain
within the cells for a day or two, drying an
feeding on any remaining pollen. :

Because there is considerable variation in
1he time required for development of each
stage (Simeone, 1972), there is no predictable
sequence for the emergence of adults in rela-
tion 10 their position in the gallery. All of the
.adults from a single gallery, however, emerge
.over arelatively short period of time.

The emergence of the adults usually occurs
3n late summer. Although they are sexually
mature, they do not mate until the following
spring. They remain in the vicinity ofthe brood
galleries, feeding on nectar and pollen, until
cold weather forces them into hibernation in
the old galleries. No pollen is stored, except for
consumption during inclement weather, and

little if any boring occurs prior t0 hibernation.

It is common for carpenter bees 1o continue
to utilize the same nesting site for many years if
it isa favorable one. One site was reported tobe
continuously used for 14 years.

M SIGNS OF IRFESTATION

“There are several ways in which the inspector
may determine the presence of carpenter bee
attack in a structure. The most obvious one is
the bees themselves. They are present around
the outside of the house during the late spring
and early summer and again in late summer
and early fall ' '

Those bees present during the early part of
the season are the ones which excavate galleries
in the wood. Because of this, there may be
burrowing sounds, which resemble a vibration
on the wood surface.

In addition, there will be rather coarse
sawdust-like frass being expelled from the en-
try holes. The frass accumulates on surfaces
below the site of activity. The frass is usually
the color of freshly sawed wood and varies with
the species of wood under attack. There are no

fragments of insects mixed with this frass, as is-

the case with carpenter ant frass, although itis
otherwise similar.

" If there has been bee activity in the area.for
some time, there may be yellowish to brownish
streaks of fecal material on surfaces imme-
diately below the entry holes. This streaking is
most easily seen on light surfaces.

When the bees are not active, the only signs
of infestation likely to be seen are the 1/2 inch
(12 mm) round entry holes made by the female

bees. -

| CéARACTERISTICS OF
DAMAGED WOOD

Carpenter bees usually choose wood thatissoft
and easy to work. They particularly like Cal-
ifornia redwood, cypress, cedar, white pine,
and southern yellow pine. Other woods, even
hardwoods, may be chosen if they have been
softened by being unprotected and exposed to
the weather for extended periods of time. Bare
wood is preferred. Carpenter bees avoid well
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painted wood and wood with bark on it. .If the
. surface is stained or has a very thin coating gf
paint on it, they will attack it. They also will

tunnel wood that has been pressure-treated -

with metallic salts for above-ground use, such
as in decks.

The only external evidence of attack is the
entry holes made by the females. If the wood is
pried open or has been damaged by wood-
peckers subsequent to bee attack, the internal
galleries can bé seen (Fig. 4-6). They are
smooth-walled and tend to be a very uniform
1/2inch (12 mm) in diameter. If they havebeen
used for several generations, they become
more irregular and up to 1 inch (25 mm) in
diameter.

M POTENTIAL FOR DESTRUCTION

In areas where carpenter bees are common, the
-amonnt of damage that they can do in a struc-
ture varies directly with the amount of un-
painted wood surface exposed to their attack
and with the suitability of the wood for their
_ entry. In addition, there must be a nearby
source of infestation, since these bees do not
disperse widely from a suitable nesfing site.
If the infestation is discovered before a large
population has developed, very little damage
- of a serious nature will have occurred. It takes
several years of almost total neglect for car-
penter bees to cause damage serious enough to
cause structural failure. East of the Rocky
Mountains, such large populations of bees are
most likely to occur in the southern reaches of
their distribution (Balduf, 1962). They can,
however, be indirectly responsible for very un-
sightly damage when woodpeckers attack in-
fested wood in an effort to obtain the bees as
food. When thin wood, such as siding, is so
:attacked, it may be completely penetrated. De-
' cay may follow such attack in wood exposed to
. Tain,

B PREVENTION

‘The only way to prevent atiack by carpenter
bees is 1o keep all exposed wood surfaces well
coated with paint. If interiors of storage areas,
-parages, etc., have unpainted wood exposed,
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doors and windows should be kept tightly
closed or screened during the spring and early
summer when the bees are seeking nesting
sites.

Wood pressure-treated with organic preser-
vatives such as pentachlorophenol and with
heavy loadings of metallic salts is resistant to
carpenter bee attack.

M INSPECTION

The nests of carpenter bees are not difficult to
locate when the bees are active. When they are
notactive, it is necessary to concentrate inspec-
tion efforts on those surfaces likely to be in-
vaded. Some of the more common sites in
buildings include headers, siding, roof eaves,
wooden shingles, porch ceilings, window sills,
woodwork, doors, etc. (NPCA, 1963). Those
surfaces which are bare or poorly coated with .
stain or paint shoud be inspected very care-
fully. Well lighted but protected locations are
also favored. The unpainted back sides of gable
ventilators and of shutters are sometimes
points of entry hard to discover.

In addition to the structure itself, the inspec-
tor should give attention to woodén poles,
posts, fences, and lawn furniture in the vicinity
of the house, since they may be a source of

_ infestation.

M CONTROL

Any insecticide labeled for bee control, applied
into the entry holes will kill bees which come
into contact with the residue. Dust formula-
tions are preferred for treatment inside the
nestszCarbaryl (Sevin) and boric acid formula-
tions are available. Several days after treat-
ment, the holes should be plugged with short
lengths of dowel rod of the proper diameter, or
with plastic wood. Plugging the holes without
applying insecticide can lead to the production
of new holes next to the plug when bees inside
attempt to emerge, or nesting females seek re-

entry into galleries in use.

Treating the external surfacesin the vicinity
of the entry holes with any insecticide labeled
for bee control will discourage continued bee
activity. Chlorpyrifos (Dursban), cyper-
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methrin (Demon), diazinon, fenvalerate (Trib-
ute), and propoxur (Baygon) are examples of
registered materials. It may be necessary to
repeat applications at weekly intervals during
the nesting season in order to maintain control
if bees are moving in from surrounding areas.
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