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Executive Summary

Laboratory and field studies were conducted toueatal and/or improve technology
for the inspection and treatment of inaccessibygvdod termite infestations. Our focus
was to evaluate the usefulness of X-ray and tenyrer@nhanced infrared technologies
in finding drywood termite infestations hidden behivall coverings, such as drywall,
stucco, and wood paneling, in both laboratory agld tettings. These technologies
exploit changes in wood density and temperaturperese characteristics caused by the
damaging effects of termites. Verification of &etinfestations of drywood termites
included the use of commercially available microavand acoustic emission (AE)
devices. Field evaluations of these technologieewonducted in partnership with local
pest control operators. Critical to these studias documentation of (1) the constitution
a drywood termite colony and (2) the frequencyegiding. Currently, the definition of a
drywood termite colony is based on location; iréedboards that are widely separated
are assumed to contain different colonies. Thezesaveral biological definitions of
what constitutes a drywood termite colony for coiodss in California. The genetics of
workers and chemical analyses of fecal pellets weegl to separate colonies of drywood
termites and to provide a measure of successfiagliled treatments. Lastly, we found
that drywood termites have uneven feeding pattdmugighout a day and during the year.
We used a computerized, multi-channel AE recordiegice to document variation in
drywood termite feeding. The combination of thegelies will allow for the better
calibration of detection devices that exploit teemfeeding and motion.

Background

Economic importance. Surveys of inspection reports reveal that drywtaschites
have a significant economic impact in Californ@ne of the eight species of drywood
termites found in Californidncisitermes minor (Hagen), has the greatest economic
importance. Visual evidence of drywood termitestamed in the wood-destroying pest
inspection reports suggests drywood termite infestaates can be as high as 46.8% of
the structures inspected. Control of drywood t&rnmifestations is predominantly by
applying local treatments, not whole structure fgations. Costs for control and repair
of damage from drywood termites in California exde8300 million annually and are
projected to increase. Not included in these casisears and perceived risks from
treatments such as fumigation.

Visual inspections. A flashlight and metal probe are used to seasclevidence of
drywood termites: alate wings, fecal pellets, dathage to wood. The effectiveness of
visual searches is unknown. Characteristic fpetiéts are considered diagnostic for
drywood termites. The presence of fecal pelletsbieen used to demonstrate efficacy of
chemical treatments, however there are no publistalts on the chemical nature of
pellets that relate to the active status of a doaviermite infestation.

Inaccessible infestations. The greatest challenge faced by PCOs during their
inspections is to identify the existence and extémbaccessible drywood termite
infestations. For most filed reports, areas ngpatted are noted as inaccessible to visual
search. Without removing wall coverings, it is mspible to reliably delimit infestations



behind walls. From my personal experience in saatiCalifornia inspecting apartments
for dyrwood termite infestations, roughly one inégsboard was found for every 10
boards exposed after wall removal of covering. dee over 70% of treatments for
drywood termites in California are localized, thexe critical need to be able to locate
and circumscribe active, inaccessible infestatmfrdrywood termites.

Alternatives to visual searches. There are at least seven devices and methods
proposed as detection alternatives to visual searchilrhey include optical borescopes,
dogs, electronic odor detectors, acoustic emissesices, microwaves, infrared, and X-
ray. They all claim high levels of successful déte of termites; however, few have
been scientifically tested.

Optical borescopes currently marketed use visght lbassing through a hollow tube
as a means to view evidence of drywood termitesdamdage within wall voids. A small
hole must be drilled into walls to allow viewingire blocking, insulation, and viewing
through a fish-eye lens can impede the inspecteis.

Dogs have also been used to assist with drywoaditeeinspections, although
scientific studies verifying the effectiveness scarce. Dogs find termites by hearing or
smell or both. In California, the effectivene$deagles in finding subterranean termites
infestations has been mixed. There have beenvastigations in California to assess
the ability of dogs to locate drywood termite intdgns. Laboratory trials conducted in
Florida found that dogs (beagle and German shephercectly identified drywood
termites in plastic containers 88.8% of the tinGurrently, there are few commercial
firms in the USA that train and provide dogs toistssith termite inspections.

Electronic odor detectors detect methane gas, caitynpooduced by termites. One
device (Termitect Il) was tested on subterraneanites and produce highly variable
detection rates, 20 to 100%. There have beenpuitseon the use of electronic odor
detectors successfully locating drywood termitegnethough they produce methane.

Termites produce vibrations in wood; some can la@hby humans. Sounds made by
drywood termites are produced during feeding andilbsatory movements of workers.
The earliest commercial listening device for teasitvas the INSECTA-SCOPE. No
data are available on its performance. Newer w@dugy, that amplifies and records
termite-feeding vibrations, is acoustic emissiofE)A Surface and subsurface probes are
available that successfully detect drywood termitdaboratory settings. Wall covering
can impede sensor and AE performance. Detectibmiied to~80 cm along the length
of a board and < 8 cm across the grain. Exce$sgigkground noise can result in falsely
identifying active drywood termite infestations EAletection equipment is commercially
available, although availability is very limited.

Microwaves comprise the frequency range 0.3 to 320&hd lie between radio and
infrared region of the electromagnetic spectruMicrowaves are commonplace in our
daily lives and their commercial applications ar@nynand varied. The use of
microwaves as a commercial method for localizedvdind termite control has been
available in California for at least 15 years. &by, portable microwave detection
devices have been marketed in California. Sudecedstection of drywood termites
using microwaves (TERM_A_TRAC™) was 86% in Austaliaboratory studies.
Detection distance was 35 mm along the long axtesifboards and 25 mm deep below
the surface. However, water in wood, wall covesirand excessive wind and motion
can lead to false positives.



Infrared rays are part of the electromagnetic spatt Although invisible to the
human eye, infrared energy has a penetrating lgeaffact. Most objects, living or not,
give off infrared heat, whether internally genedate reflected. Initial uses of infrared
were for military surveillance. Today, there arany nonmilitary uses and include
measuring devices, binoculars, and night viewinghfating. In structures, infrared
devices have been used to find faulty electricaheations and heat and water leaks in
walls and roofs; a more recent use includes terdatection. Commercial termite
detection models are available, yet their effectess in finding termite infestations has
not been scientifically tested. Infrared imagiras ibeen used to detect internal voids
intended to represent voids generated from bioestion. The results of these tests
were promising, although detecting subsurface def{goids) clearly represents a
challenge.

Penetrating rays are part of the electromagne&ctsppm nearest ultraviolet rays.
They are invisible, have smaller wavelength, angerehigher frequency (Hz) compared
to the visible part of the spectrum. There are n@mmercial applications for X-rays.
X-rays have the ability to penetrate nearly allenals. These penetrating rays have also
been used to nondestructively view insects hiddemdod for at least seven decades. X-
rays have been used to view structure-infestingideests. Only recently has the
potential use of X-ray in detecting drywood termitiestations been explored. Today’'s
newer technology is lightweight and portable. [Besing of images is accomplished
with lasers that produce digital images that ateaened by computer software. Newer
sources of X-rays emitters and advances in safetyitoring equipment minimize
radiation leakage and exposure.

Seasonal activity and pellets asindicators of failed treatments. Seasonal activity
patterns of drywood termites are very importanttfa&ir detection and treatment. A
common seasonally activity for drywood termiteswsarming. In California, drywood
termites annually swarm starting in summer contigunto fall. Little is known about
when drywood termite feeding occurs. A commonligheelief is that drywood termites
feed every hour of every day. The cryptic natdrdrgwood termites deep inside wood
hinders studies that explore their normal feedielgavior. Early laboratory studies using
AE technology to record drywood termite feedingrfduno periodicity in feeding in a 24-
hour day. An unpublished field investigation inutern California, using AE
monitoring of local chemical treatments, found dopa termite infestations in untreated
locations of structures declined in activity durimgter months. The movement of
drywood termite may also be seasonally based, hemtbe seasonality of movement for
drywood termites within structures in Californiarr&ns poorly understood. We need to
determine whether drywood termite feeding and mam@rare seasonally based. These
results will have a profound affect on inspecticars] post-treatment evaluations for
failures of localized treatments.

As drywood termite feed they void the undigestechgonents as very dry fecal
pellets. These pellets are hexagonal in crosgoseahd are diagnostic for drywood
termites. The number of pellets produced per termiabout one per day. We do not
know whether changes in the chemical nature oéfselloided by drywood termites can
indicate the active or in-active status of infastad.

Cuticular hydrocarbons are long-chain carbon mdéscand are part of the
waterproofing mixture of waxes on the outside stefaf termites. These characteristic



mixtures can be used to identify termite specieshave been reported for all castes of
termites. However, the most conspicuous evidehdeywood termite infestations,
voided fecal pellets and the chemicals they contes only recently been researched.
Pellets of drywood termites contain the same me&tfrhydrocarbons as the insects that
produce them, in reasonably equivalent proportiohsieed exists to explore chemicals
contained in pellets that might indicate whetheimdestation is active or inactive.

Molecular genetics. The use of genetic markers offers a powerful weaynvestigate
colony social organization, and there has beemwaigg number of genetic studies of
social organization in termites. Microsatellitengéc markers are especially useful
markers for studies of colony and population gengtiucture and for tracking the fate of
individual colonies. There have been microsaeeltitarkers developed for an increasing
number of termite species, but until recently narosatellites have been developed for
any drywood termite species. Development of miatete markers for drywood
termites will provide three new, practical techregu First, a biological determination of
what constitutes a colony of drywood termites el established. Secondly, once the
members of a colony have a genetic identity, faitedtments can now be determined if a
new or different colony is found in the treatedusture. Lastly, once it is firmly
established what a drywood termite colony is, neast toxic treatment strategies, for
example baits, can be developed and tested.

Resear ch Objectives

The objectives of the research plan were ambitiatis multiple components to
identify and delimit inaccessible drywood termitéeistations. Novel devices that
included X-ray, infrared, AE, fiber optics (borepe), and microwaves were used to
demonstrate that drywood termite infestations catobated nondestructively and
accurately mapped out during the inspection propaes to treatment. The biological
meaning of a drywood termite colony was investigat&enetic and chemical techniques
provide analytical baseline data that allow for lddgeling of drywood termite colonies as
being active, inactive, as well as treatment fasur The results of each research
objective are summarized below.

1) Determine the effectiveness of the combination @& temperature enhanced
infrared, AE, borescope, and microwaves in findimggcessible drywood termite
infestations in laboratory boards.

Laboratory and field investigations were conduaadermite detection technologies
that included fiber optics (borescope), acoustiessions (AE), infrared, and X-ray. For
laboratory investigations, methods were developedénch-top testing for the
borescope. Additional methods were designed tbreé X-ray and infrared camera for
viewing artificially and naturally infested boardsntaining drywood termites. For the
borescope, seven items were presented to sevamtiaboparticipants in 5.5 cm clear
plastic dishes. The design included the addedfesiof being able to differentiate ants
from termites, drywood termite fecal pellets frotam seeds, and pellets from debris.
The ability to identify untreated checks (emptystilazipper cases) was also included in
the design. All participants had a high level ésessfully identifying items presented
them in plastic, sealed dishes, at least 90%. |&ilyithe success rate in correctly



identifying untreated checks among participants alss high, 100%. Laboratory
investigations produced procedures and techniguatempt field investigations
involving infrared and X-ray that included expostinee and post-processing and
enhancement of images obtained.

2) Determine the effectiveness of the combination @&} temperature enhanced
infrared, AE, fiber optics (borescope), and micrgesin finding inaccessible
drywood termite infestations under field conditions

For field investigations we used the Villa Termii400 f (37.2 nf) wooden
structure designed and constructed to comparetiedatection and treatment
technology. The testing protocol included the ofseest boards that were active for
drywood termites, inactive (damage only), as weluiatreated checks (controls). In
total, nine boards were searched with each micrewAtz, infrared, and X-ray
equipment. The objective for these tests was teroene if any of these devices could
singularly identify the presence of damage andradgrmites in test boards. An
additional challenge or variable was to determieygadility of these devices to make
detection determinations through wall coverings thelude wood paneling, dry wall,
and stucco. At the end of field investigationstedt boards were cut into 10 cm sections
and dissected for live and dead termites. Notes aiso taken for the presence and
location of gallery architecture. Under the fielmhditions of the Villa Termiti, only X-
ray demonstrated the ability to accurately deteetgresence of damage and termites,
albeit these results were best for exposed boakiswere unable to determine whether
boards were active with either termites or damagyeguinfrared camera, even after
heating the boards for 10 sec at 580 AE and microwave produced reliable results (all
test boards determined to be active with termigasgiboth these techniques were
verified active upon dissection), but were impedéen wall coverings were added, due
to thickness or difficulty in drilling sensor-tasgj holes. Results using a borescope in
blind tests presented to seven participants wexedrand highly variable depending on
the number of pellets, presence of insulation, el & the nimbleness and the ability
among participants to bend down low to manipulatalkdrilled holes and tight wall
void space. For infrared and X-ray, several huadimeages of laboratory boards
containing termites and actual real-world field ditions have been created and stored in
a photo solon.

At this time we cannot recommend a single deteam®rice that can reliably, with a
high degree of certainty, demonstrate that ternaitesactive in walls, especially for high
locations (vaulted ceilings) and when wall covesiage in place. No, there is not a
single “silver bullet.” The best option for drywdddermite, or any other wood destroying
insect, inspection is a trained operator with 28rgef field experience and permission to
open walls for further inspection. The next bgdtan would be after identifying a wall
or better yet a single board, use an AE device aighbsurface sensor (small wood
screw sensor) to determine the board is activerfpwood termites. A second device,
this time a portable microwave sensor, can be pdssiel against the board or even
drywall (be careful not to hold the device, bestise a tripod to minimize false positives
due to vibrations) to aid in identifying the exémtations of galleries. This detection



strategy works best for local treatment, whereetkect knowledge of active boards and
gallery architecture is critical to success.

3) Determine the nature and limits of drywood ternoitdonies in laboratory
maintained boards and actual field infestationagisnolecular genetic markers.

Given the vast economic impact of western drywaothite, the understanding of
population genetic structure and breeding systsrfisidamental to the development of
more effective management strategies. Modern matdeemarkers, such as
microsatellites, are now commonly used to addrassat biological questions.
Microsatellite DNA consists of tandem repeats diMeen 1 and 6 base pairs, often in
long arrays, and can comprise a large fractiontefraite’s genome. Microsatellite
markers offer the greatest potential for studi¢atireg to breeding structure and colony
identification, due in part to their co-dominanteMilelian mode of inheritance, high
mutation rate, high level of polymorphism, and iéptlo be amplified from small
amounts of tissue. Microsatellites do not contetto the genetic code for protein
synthesis, thus there is no selection pressurethenkighly mutated sequences are
inherited and passed on within a colony.

We developed an enriched library from which weated and characterized 15
polymorphic markers. The number of unique all@lesmicrosatellite locus ranged from
three to fifteen. These markers yielded sufficigithin and between colony/population
polymorphism for the resolution of patterns of géioes and colony breeding structure.

Termite colonies are considered to fall into thHvegeding categories. When
reproduction involves only a single king and queba,colony is referred to as a simple
family. Following the death of one or both primaeproductives, the colony may
undergo several rounds of inbreeding as a resudybduction by secondary neotenics.
This is referred to as an extended family. Finalblonies have been shown to fuse:
workers within a colony exhibit genetic ancestryrtore than one colony. These are
referred to as fused or mixed family colonies.

The objective of this study was to determine theels of genetic diversity within
geographically separate colonied .ahinor using a set of species specific microsatellite
markers. Within two landscapes, urban and agdticall, we used these markers to
examine the colony genetic structure, identity, breeding structure. A total of 23
colonies were sampled from 11 distinct collectigassin California, 10 sites were
classified as urban. Genomic DNA was extractethfi® to 20 workers termites per
site. These individuals were genotyped at fiveypmirphic microsatellite loci. Colonies
were placed into one of three breeding structuoems: simple family, extended family,
and mixed family colonies. Colony genetic struetuas performed over all samples,
among urban samples only, and among agriculturapkss only.

Eleven of the 13 collections were considered umicplonies. Of the 13 urban
samples, six colonies yielded genotypes consistéhtthose expected under a single
pair of reproductives. No more than four genotygasses were detected, all segregating
with Mendelian ratios expected for a single pairegdroductives. Three colonies, while
possessing no more than four alleles per locusbigt greater than four genotypic
classes (i.e. too many homozygous genotype classedlendelian segregation patterns
inconsistent with a single pair of reproductiv8hese were therefore determined to be



extended families. The remaining four colonies bitbd greater than 4 alleles at one or
more loci thus providing evidence for colony fusmmmixed colony structure.

All colonies sampled within the agricultural landpe were genetically distinct.
Within the seven agricultural collections threeorés meet the criteria of being simple
families. A further three exhibited an excess@fatypic classes while possessing no
more than four alleles at each locus, and wereetber identified as extended families.
The final colony exhibited greater than 4 allelemare than one locus and was
determined to be a mixed family.

Results presented here represent the first dodatnem of breeding structure, colony
identification, and colony genetic structure toedfatr |. minor using highly polymorphic
molecular markers. The high level of polymorphidi# {o 32 alleles per locus) exhibited
at these five loci proved highly suitable for coladentification, and therefore may
represent a powerful tool for future studies inigadtng colony survival and re-
infestation events post insecticide treatment,rimfog the pest management professional
of the efficiency of a given treatment.

Colonies composed of a single pair of reprodustaed their worker/soldier progeny
probably represent colonies that are up to orqust 5 years of age. These are colonies
that have yet to produce neotenic reproductivelase that contain neotenics that have
not yet produced progeny. Extended families corapag multiple reproductive
neotenics represent colonies that are probablyea@syof age or older, and may be
responsible for extensive structural damage toildibg. Mixed family colonies, from
colony fusion, may prove difficult to explain. Explations as to how these mixed family
colonies form have been broadly divided into twtegaries: those driven by worker
foraging behaviors and those driven my alate rapetyde strategies. Thus in this
instance colonies may not actually represent angisf genetic lineages within a large
colony, but rather an event were colony foragireparoverlap An alternative
explanation may be that samples collected thatapgenetically as being fused/mixed
may actually represent distinct colonies whosevagtcenters or nests were proximate
within the sampled wood, but not actually fusedug;Hwo distinct colonies may have
been inadvertently collected and labeled as asioglony.

Given the significant economic impactlominor in the western U.S., the ability to
accurately identify colonies, their breeding stanetand genetic structure is of
fundamental importance for the formulation of effiée management strategies. We
present the first results generated using higHlyrmative microsatellite markers that
will allow the following to be estimated with reia¢ ease:

1) Colony size and ag&imple family structure may inform us that coksare
relatively small, detected in the early stagesitdstation. Higher levels of
inbreeding and the determination of colonies asdektended informs us that
the colonies are likely to be extensive, contaimnogierous secondary
reproductives each producing workers. Thus giherctyptic nature of this
species we can now make an informed decision tetbkely extent of damage
without extensive physical investigations of a stuwe.

2) Colony rangeThe treatment method employed may vary signitigan
depending on its range. Using these markers weletammine whether colonies
are contained to small regions of a property, tinéfy extend throughout a
building. Thus, in instances of a single colonygiag throughout a structure,




less environmentally intensive insecticide treathfiar example baits) may be
developed to transmitted through the nest system & single treatment point.

3) Treatment efficacywWhen a structure is treated, resulting in apgaselony
extinction, its efficacy can be determined throgghetic testing. Sampling
individuals prior to, and after, the treatmentuassisg a structure becomes
reinfested, will allow us to determine whether thiginal colony was
successfully exterminated and therefore determimether re-infestation occurred
from an outside source, or if a fragment of thgioal colony survived to re-
infest the structure.

4) Explore the existence of qualitative and quantitatifferences in chemicals in
fecal pellets, using cuticular hydrocarbon analytes lend themselves to
determining the active or inactive status of dryaiéermite infestations.

Remedial control of drywood termites in the USa®brimarily on (1) fumigation
of the entire structure or (2) localized chemiaapbysical treatments designed to
eradicate localized colonies. The presence of dogitermites is usually determined by
the appearance of fecal pellets, which are ejattedigh a “kick hole” in the external
surface of wood.

When fecal pellets appear after remedial treatrokatstructure, it is difficult to
determine whether the termites in the structureabive or dead. Conveniently these
fecal pellets contain the same mixture of hydrosasbas the cuticle of the insects that
produced them. The hydrocarbons in the fecal {zetlen even be used to identify the
termite species.

Rather than simply signaling the general presefhtermites or providing a precise
diagnosis of the species of termite inhabitingwlo®d, we wondered whether these pellets
could be chemically characterized to determineattteve or inactive status of a colony.
We quantified the hydrocarbons in pelletd.afinor aged for up to one year after they
were produced. We documented the changes in propsof selected hydrocarbons as
an indication of the age of the colony producingnth

Drywood termites were removed from a naturallestéd board and placed on
birch tongue depressors that were bundled toggtteed in a plastic container, then
lightly misted with water. Termites were held idark cabinet under ambient laboratory
conditions prior to collection of fecal pellets.t the end of one week a 200 mg sample of
fecal pellets was divided into three replicatesheaidour aging intervals: 1 week, 1
month, 3 months, and 1 year from the initial cdllet date. The hydrocarbons from
fecal pellets were extracted, characterized, amahiified at the end of each time period.

The percentage of the total hydrocarbon for eacindtarbon peak for each aging
period was the response of interest. These pagestvere regressed against the days of
aging. Hydrocarbons with slopes statisticallyeli&nt from O were separated into two
groups, those with a positive slope and those avitlegative slope. For each aging
period, an index of agea(h was created by subtracting the sum of the peagestof the
hydrocarbons with a significant negative slope fitile sum of the percentages of the
hydrocarbons with a significant positive slopgd¥ Y. (PEAK,esitve) - Y, (PEAKnegativg]-
The set of twelveyevalues (3 replications times 4 ages) was then ssgreagainst age.

We identified 72 peaks containing 76 hydrocarboRse change in relative
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abundance for each hydrocarbon peak over the cofiessgear does not appear, at first
glance, to be very dramatic. However, 19 of théy@ocarbon peaks (26%) had a
significant linear change over time; of those 5 pasdlitive slopes and 14 had negative
slopes.

We took the 19 hydrocarbon peaks with signifiaa@gressions and created an
index, kge A line was fit (F = 0.8879) to show the variability of the replicatout the
fitted line and the trend over time. This highigrsficant correlation strongly suggests
that one might be able to predict the age of fpelets and thus the status of the colony
that produced them.

At this point the chemical mechanism by which logdirbons increase or decrease
in proportion over a one-year period is unknownis hot clear to us that the
hydrocarbons that increase in relative abundareeaerently more stable than those
that decrease in relative abundance. Those tbaased in relative abundance tended to
have higher relative abundances to begin with.

The motivation for this work was to aid in the ptgatment evaluation of success
or failure for drywood termite treatments. We télat there would be considerable
interest by the industry, regulatory agencies, @rsumers for a simple and accurate
means to determine how long a “colony/infestatibas been in a structure.
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5) Determine the seasonality in drywood termite fanggand feeding using AE
remote sensing equipment.

Daily and seasonal activity patterns of drywoodniézs, such as feeding, are very
important for the detection and treatment of dryd/¢t@rmite infestations. The cryptic
behavior of drywood termites deep inside wood hisd¢udies to directly observe their
behavior. The purpose of this objective was td@epdiurnal and seasonal patterns of
drywood termite feeding activity in naturally infed wood.

Logs from a large Loquat tree were collected fropmi@ate residence in southern
California. The logs were similar in diameter,dém and age. To verify that candidate
logs contained an active drywood termite populatiee took three 1-minute AE
recordings using a hand-held device. Seven logdyming at least 300 AE counts per
minute were included in the study. Five of theeselogs were randomly chosen to
record AE activity of drywood termites. Two oktkeven logs were treated to kill all of
the termites were used to measure background Atgdtom the surroundings.

All seven logs had a subsurface sensor instalt@dtieir center, 1.2 cm deep into
wood. A 3-meter-long cable from each of the sesamsors was connected into a port in
the back of an AE smart device and a dedicated atenghat stored all datalwenty, 3-
minute recordings were recorded randomly amongéen sensors for each 60-minute
period during the study. In addition, temperatamd humidity data were recorded for
each 3-minute recording. The entire AE gatherimgd) storage system was run 24 hours a
day for 11 months (June 2008 to May 2009).

All'logs, AE and temperature equipment were stamea small wooden building at the
University of California Richmond Field StationfRichmond, CA. The building had
five windows for natural light. There was no ainditioning, heating, or insulation in
the building. The averages for AE activity, tengiare, and relative humidity were
plotted for each sensor per hour per day for acnetinactive logs. The linear
association of AE activity and temperature per hprirday was also determined and
plotted.

Within an average 24-hour day, AE activity was letv@uring the morning, increased
in the afternoon, peaked in late afternoon (6 @ndl then declined until mid-morning.
For one of the logs (#1), a second peak of AE agtwas recorded late into the evening
at midnight. Temperature was significantly correthtvith the rise and fall in AE
activity; warmer temperatures were associated wnitreasing activity. Relative
humidity was not statistically correlated with AEtigity. Seasonally, AE activity (i.e.
feeding activity) was highest during the warmeiirgpand summer months. However,
an increase in daytime temperature or a suddenwaaeg, even in January and February
2009, resulted in an increased burst of AE activity

Knowledge of optimal times for drywood termite feegiwill be important for
evaluating termite inspections. Traditional ingfmets are based on visual searches for
damaged wood or pellets. The data from this studyest AE readings for active
colonies could be enhance by heating the wood leaat 28C prior to inspection to
stimulate feeding, even in winter. Understandimgunderlying mechanism that controls
the cyclic pattern will require additional studiéat include the exclusion of natural light,
running additional tests with naturally infesteddat constant temperature and humidity,
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and the modification of the AE system collectiomdveare and software to separate
locomotion and communication AE activity from feegliAE activity.

A practical application of this research shouldutes improved inspections by
knowing the times of the day and year when drywiochites are most active for pre-
and post-treatment evaluations of remedial treatsnen
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The mean hourly AE event count for each sensor (1-5) that occurred during the twenty-hour diurnal cycle. The heavy dark
line is the mean AE event count. The red line is the temperature trace during the same 24 hour diurnal cycle measured in
centigrade (°C).
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The seasonal mean hourly AE ring down count (TTL) for each sensor (1-5) that occurred from June 2008 to May 2009.

Conclusions

During the last three years, our laboratory hasdwaess to, and used, some of the
most sophisticated termite detection equipmenttaddnology commercially available
and beyond. We have produced results that haveedube boundaries forward on our
understanding of drywood termites, their biologyd &cology. Locating drywood
termites and their treatment has always been cirailg, and with the ushering in of the
new decade, the industry has the additional chgdieof continuing education on IPM
and heightened awareness of water and air quatibyv all these challenges are met by
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the industry are complex. However, we are optimistat all challenges will be met. We
are prepared and willing to execute bold new ingasibns that, along with the industry,
continue to insure that consumer protection is rpatat.



