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.

.
& ° g wSwm—y® e
N e

WOOD DESTROYING INSECTS 49



£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.
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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

. - I
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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
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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

-
- " —— o
~.

\WOOD DESTROYING INSECTS 55

T3 Y

-



.

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.

. el —— e



‘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.

'WOOD DESTROYING INSECTS 83

&




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

‘i



