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DESCRIPTION

NOVEL METHODS AND MATERIALS FOR PEST MANAGEMENT

Cross-Reference to a Related Application

This is a continuation-in-part of co-pending application Serial No. 07/891,896,
filed June 1, 1992,

Backeround of the Invention

Subterranean termites most often enter structures from the surrounding soil
to fcc‘d on wood, or other cellulosic material, of the structure and its contents. If
unchecked, termites can cause considerable damage. As a result, efforts to erect
physical or chemical barriers to prevent the entrance of termites into a structure or
to exterminate the termites after they have invaded a structure have proven a
considerable expense to the public (Su, N.Y., J.H. Scheffrahn [1990] Sociobiol.
17(1):77-94). The cost to control termites in the United States exceeds one billion

" " dollars éhnually (Mauldin, JK,, 5.C. Jones, R.H. Beal [1987] The International

Research Group on Wood Preservation Document No. IRG/WP/1323).

Subterranean termites construct an extensive foraging gallery beneath the soil
surface. A single colony may contain several million termites with foraging territory
extending up to 300 feet (Su, N.Y., R.H. Scheffrahn [1988] Sociobiol. 14(2):353-359).
Since subterranean termites are a cryptic creature, their presence is not normally
known until after some damage, foraging tubes, or live termites such as swarmers, are
found.

Currently,' there are two basic approaches for the control of subterranean
termites: (1) preventive control, and (2) remedial control.

(1) Preventive control: In mosf of the United States, it is mandatory that the

soil undeﬂying the foundation of newly constructed buildings be pre-treated with a
pesticide to prevent termite infestation. Pesticide is typically sprayed over the soil

prior to construction. This pre-construction treatment produces a horizontal barrier
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INENEL METHODS AND MATERI ALS FOR PEST MANAGEMENT
Cr oss- ﬁéference to a Rel ated Application This is a

continuatidn-in-part of co-pending application Serial
1992, which is a continuation-in-part of co-pending

November

12,

application Serial No. 07/891,896, filed June 1, 1992.

Background of the Invention
structures fromthe surrounding.soil to feed on wood, or other

mat eri al |

chem cal

No. 07/975,317, filed

Subt erranean termtes nbst often enter

cel lul osic

of the structure and its contents. |If unchecked, termtes can
cause consi derabl e damage. As a result, efforts to erect physical or

barriers to prevent the entrance of termites into a structure or

to extermnate the termtes after they have invaded ure have

122:
proven a consi derabl e expense to the public (Su, N.Y. [ﬁiaﬁé%cheffrahn

[ 1990]

St at es exceeqwaone

tor and construc%on workers, the barrier often loses its continuity during the
construction. Moreover, the currently available soil termiticides tend to lose their
biological activity after five or more years to the extent that the treated soil is no
longer effective against termite invasion. Established termite colonies in the soil may
then invade the structure,

(2) Remedial treatment: When a house or other building is infested by

subterranean termites, efforts are made to create a barrier beneath the building and .

the soil where the subterranean termites are provided access to'the building. A
common method of creating this barrier is to introduce termiticide around a building
foundation by injection into soil undérlying'concrete foundations, drenching the soil
surrounding the building perimeter, or a combination of both. This type of post-
construction treatment is labor-intensive and may not produce a continuous barrier
(Frishman, A.M., B.L. Bret [1991] Pest Control 59(8):48, 52, 54, 56; Frishman, A.M.,,
A. St. Cyr [1988] Pest Control Technology 16(4):33, 34, 36).

Other remedial treatments include spot treatments such as dusting or injecting
termiticides within the walls of the building. Robert Verkerk has described arsenic
triaxide dust treatment using termite lures. Building Out Termites, Verkerk, Robert.
Pluto Press Australia Limited, P.O. Box 199, Leichhardt, NSW 2040. 1990. Verkerk
describes the use of stakes or blocks of termite susceptible timber to lure termites.
Once termite activity is observed, arsenic triaxide is injected. Alternatively, a portion
of the termites may be dusted with arsenic triaxide.

Most spot treatments are done to eliminate existing termite infestations but
generally affect only a small portion of the subterranean termite population, ie.,
those termites which come into direct contact with the pesticides. Because of the
extensive foraging populations and expansive territory of the subterranean termites,
the vast méjon'ty of the termite population is not affected by such spot treatments.

One termite control method comprises placing a highly toxic material, such as
an arsenic-containing dust, at a site of infestation in the hope that this will directly

control an effective number of termites at the site and also other termites back in the
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dollars.annually (Mauldin, J.K S.C Jones, RH Beal [1987] The
Interna‘flonal Resear ch Group on Whod Preservation Docunent No.

| RG WP/ 1323) . Subt erranean termtes construct an extensive
foraging gallery beneath the soil surface. A single colony may contain
several mllion termtes with foraging territory extending up to 300 feet
(Su, NY, RH Scheffrahn.[1988] Sociobiol. 14(2)-353-359). Since
subterranean ternmtes are a cryptic creature, their presence is not

normal Iy known until after sone damage, foraging tubes, or live termtes
such as swarners, are found. Some subterranean termtes are known to forage
beneath an object on the soil surface (Ettershank, G, J. A Ettershank, WG
VWhitford [1980] Envirun Entonol 9:645-648). Cyit8 Ehy there are
two basic approaches for the control of subterranean ternites: preventive
control an@ob@%@berﬁﬁ%&ﬁbd relied of BikEpisY tohb&sHﬂiotaEi%éE%ﬁ@Lanat i s mandatory
that the sojl underlying the foundation of newly constucted buil dings be
pre-treat edieWs’cuﬂoéflaﬁlé@f a’ESFGEan(%‘?S%d‘i‘SEferred to herein as terniticide) to

pr event termt@lab@mstmmarbfpﬁestd €nttg tbﬁmﬁdd&ls@xﬁdie]r)én&l@ﬁr@diﬁdm@ver and into

th | tl t t t d

hor i zont al Pl B G bEGh PR it BBl o b e DBk o T 09V°%° °
com‘r_unl cat ithese batdveenitipdstmayi teelisppped it the saih durcomndibg et buildingwor ker s, t he
barrier of &rﬁ&#q%ﬁ%épfg GRRLE B Wk AYhd {ﬁgu&&(t}?oﬁ%ﬁt%{ Uil Bgmocﬁfg;ieggleh the

currently aval termt|C|desten to lose therr
activity afgaairessy lgrge qnanw phtermiticides in order to saturate the soil surrounding the

building.
U.S. Patent No. 5,027,546 describes a system which controls termites by

freezing with liquid nitrogen. Although the liquid nitrogen is essentially non-toxic in
that no toxic residues persist, the method is a spot treatment and will not affect the
majority of termites. U.S. Patent No. 4,043,073 describes a method which attempts
to circumvent the problem of repeated application of pesticide. The described
method functions by encapsulating the insecticide, thus making it more persistent.
The overt use of pesticides and their persistence in the environment are not remedied .
by this system. Another proposed system which fails to alleviate the problem of
transferring insecticide directly into the soil is U.S. Patent No. 3,624,953. This
method employs a reservoir of insecticide wherein the vapors of the insecticide are
permitted to permeate the soil surrounding the reservoir. Thus, exposure of the
environment with toxic substances is not avoided by using this method.

Toxins which have less environmental effect and which show activity against
termites are known (Su, N.Y., M. Tamashiro, M. Haverty [1987] /. Econ. Entomol.
80:1-4; Su, N.Y., R.H. Scheffrahn [1988] Florida Entomologist 71(1):73-78; Su, N.Y.,
R.H. Scheffrahn [1989]J. Econ. Entomol. 82(4):1125-1129; Su, N.Y., R.H. Scheffrahn
[1990] Sociobiol. 17(2):313-328; Su, N.Y. [1991] Sociobiol. 19(1):211-220; and Su,
N.Y., R.H. Scheffrahn [1991] /. Econ. Entomol. 84(1):170-175). However, none of
these tox‘ins have previously been used in conjunction with a method which efficiently

and efficaciously delivers the toxin to a target pest.
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years to the extent that the treated soil is no longer effective against
termite i nvasion. Established termite colonies in the soil may then invade
the structure if additional chemcal is not applied beneath and around the

structure. 2
When a house or other building is infested by subterranean termtes,

efforts are made to

4 UF122.C1

Australian Patent No. 1,597,293 (the ’293 patent) describes a method which
involves mixing insecticide with a food matrix comprising cellulose and a binding
agent. The method described in the *293 patent relies on the termite ingesting the
insecticide along with the bait, then returning to the colony to introduce the
insecticide to other termites through the natural process of trophallaxis (food
exchange between termites). However, even though the 293 patent describes usages
only when termites are known to be present, the described method fails to ensure
that the termites will initially find the bait and relies on those termites finding the bait
to transfer sufficient amounts of the insecticide to the colony solely by trophallaxis.
The method of the *293 patent requires that the bait is more attractive to the termites
than surrounding materials, but only relies on the moisture in the bait (supposedly
retained by the binding agent, agar) to atiract termites. The described method,
therefore, can be used only for termite species that are attracted to moisture (or
those under “water stress”). Moreover, the *293 method fails to assure that the
moisture will remain in the baits when applied in the field awaiting termite arrival.
This is an unrealistic requirement for a practical application, because even a
moistened sawdust-agar matrix will desiccate within a few days when placed in a dry
soil.

It should be noted that attractants other than water for termites have been
investigated. For example, the extract from brown-rot fungi chemically resembles the
trail-following pheromones of termites. Natural pheromones, however, are species-
and even colony-specific. A pheromone that is “attractive” to one species or colony
of termites may repel termites of other species or colonies. It is impractical,
therefore, to incorporate pheromone mimics (such as the brown-rot fungi extract) in
a bait, especially if a bait is to be used against a wide range of termite species.

It should also be noted that trophallaxis is an uncertain means of delivering
the insecticide to the colony because it assumes that digestive enzymes and other
metaboli}: processes do not affect the active ingredient. However, once the
insecticide is ingested by the termite, the insecticide may be rendered inactive by the

digestive process of the termites. Moreover, suppression of a termite population
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create -a continuous barrier beneath the building in the soil where the
subterﬂanean termtes are provided access to the building. A conmon nethod
of creatlng this barrier is to introduce termticide around a buil ding
foundation by injection into soil underlying concrete foundations,
drenching the soil surrounding the building perineter, or a conbination of
both. This type of post-construction treatnment is |abor-intensive and nay
not adequately produce a continuous barrier (Frishman, A M B.L Bret [1991]
Pest Control 59(8):48, 52, 54, 56; Frishman, A M, A St. Cyr [1988] Pest
Control Technol ogy 16(4):33, 34, 36). O her renedial treatnments

I ncl ude spot treatnents such as dusting or injecting termticides within
the walls of the building. Robert Vgrkerk has describedyafseni c trioxide
dust treatnent using termte lures (Verkerk, R [1990]- BU|Id|ng Qut

Term tes, Heglifs MeettbsfaGhlnahbea of_deiﬁlieﬂﬂx thd%oldny B@XlisdEs bekee takar dt , NSW

2040). Verkerk d i.bes t t tib
e e S A R o B Sl PE ROl hERR P Susert oL e
known t er midoes mnehdumhat@lmmtbanmetrmfaamws wgd besombdlet.ved, arsenic trioxide
S ool eoted. A MBEBAN T bt B RO Bl B8 ok R1yH G5 fesDR dust ed i L

arsenic trioxi £S5 are’ done to stop existing
termte i nfhedtiniekeh sermitesg Fpamamelq,l the 283 @&thOﬁ reguises thastthe baiygxingeneral | y

affect onl Mmﬁuﬁ'mlailplig@ﬁtta' 198w PhfeltitRn SHALET 4san&atte LR &rerePRRM at i ON, ie.,
those termtes which cone into direct contact with the pesticides. Because
of the ext élﬁlésl%hod, thcrefore, can be used only as a remedial treatment. The 293 method

cannot be used unless activity of termites is detected. The *293 patent also proposes

that a large quantity of toxin bait be placed at random locations as a preventative

measure. However, without providing a procedure for detecting termites, the
majority of this bait may desiccate or degradé due to fungal growth and become
unpalatable to termites. Moreover, an unnecessarily large quantity of toxicant is
applied in the environment.

It is therefore highly desirable to more effectively control termites or other
insects in a manner which assures that the termites or other insects of interest are
exposed to the toxin, which minimizes environmental harm by reducing the amount

of insecticide used, and which controls adequate numbers of termites in a colony.

Brief Summary of the Invention
The invention disclosed and claimed herein relates to a method for controlling

populations of pests. The invention is most advantageously used for controlling the
population of social insects which communicate through chemical signals. Specifically
exemplified herein are methods and devices for the control of insects of the order
Isoptera, particularly, termites.

One preferred method of the subject invention is most easily thoyght of as
comprising two steps. The first step involves monitoring and/or capturing target pests
by a means which does not employ the use of any pesticide. The first step functions
to detect the presence of pests. In addition, the first step can also function as a
means to capture the pest without causing the pest substantial harm. In the

embodiment of the invention wherein pests are captured, the captured pest is still
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foragi ng popul ati ons and expansive territory of subterranean termte
colonles the vast majority of the termte population is not affected by
such spot t'reatnents. United States Patent No. 3,940, 875 descri bes
a nmet hod, however inpractical for dispensing termte poison in the soil in
an attenpt to extend the life of the barrier type treatnent such that the
presence of termtes is signalled by the rel ease of an odor when the
termtes feed on the poison. The '875 patent al so describes a
termte-edi ble container which gives off an odor when eaten by a termte.
In addition to the '875 patent and the Verkerk article referenced above,
ot her publications describe the use of termte-edible materials as
conponents of schenes to control.termtes. For exanple.Uﬂﬁpﬁgese pat ent
application Nos. 61-198392 and 63- 1g1033 descri be wooden Vessel s

speci fi cal |fveia)paeradnlf, ea 'éﬁ!ébfrﬁ’&!no esﬁ{aranasl%da@mg&ﬁ&ﬁmmmﬁlsmht oring
procedure. The 61 98382 a [ication describes a vessel g ef erably nmade

from pi ne cFFn%fEH%Ef Oy BEH i &ﬁ‘sé%PtOé%PchﬁfS»érthﬁ’fe%bePféFmetdé ctefhe 63- 151033

applicati OI’DrMﬁﬂe&ﬁ&&rcﬁaﬂ@@éfe@édttbaﬁihaﬂhoﬁlﬁbnﬁﬂ’tdt@pe termtes. In the

63- 151033 appli ation, .t gt n1tesla Eosed to a toxicant which
is then presumably Cart e }Bé’é%csf BIV?Y*Féc‘Wérg[]m??lp??(S‘E @ fPesy ‘?qcf’ ng the queen
vi a trophaltheixiage beenf detrdtedx CFranmets aldecdnirelied Japanasle of frpkstiagitor on provi des

any data estioili: Bk Nl "SpdRPGLLDEds RIAC RS, Actuell voge any | mpact on

termte popul ations. Furt no 1 ndi'ca
possi bl e t OWgELtaraspecty rtha sublect dtvention, as Freappantustsdoisprheevéngftae t her | npor t ant

di sadvant ag&-colm@ining carrier or tracking powder to the target pest. In a preferred

embodiment of the invention, the second step of the process can utilize pests which

have been captured in step one. Specifically, these captured pests can be used to
attract or recruit other pests to the toxin-containing carrier and, in some instances,
to deliver toxin to a nest or colony of the pests. Specifically, a captured pest can be
forced to chew or move through toxin-containing carrier before travelling to the nest.
In a preferred embodiment of the subject invention, the toxin is relatively slow-acting
SO tl_le pest can travel 1o a nest or colony before dying. In the course of traveling to
the nest, the pest can leave a chemical trail directing other of the target pests to the
toxin-containing carrier. Because these chemical trails are species- and even colony-
specific, these chemicals are highly advantageous for recruiting nestmates to the toxin-
containing carrier. Also, the pest may deliver toxin to the nest, for example, via
trophallaxis or cannibalism, where the toxin can kill other nestmates.

The invention also relates to materials and apparatuses used in carrying out
the novel methods. One critical element of the subject invention is the toxin-
containing carrier which can comprise a toxin and a carrier such as Methocel®, agar,
other cellulosic materials, other materials which are non-repellant to the target pest,
or a combination of two or more of these carriers. Preferably, the toxin is slow-
acting. If a cellulosic material is used, that material may consist of wood particles.
The carrier can further comprise components which stabilize or regulate the carrier
environment. For example, a humectant such as a hygroscopic component can be

added to regulate the moisture content of the carrier.
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exanpl e, the wooden inducing body will be subjected to fungal decay before
termtevattack, especially in noistened soil. Thus, frequent replacenent of

t he i nduci n§ body is needed during

7 UF122.C1

Certain novel apparatuses are also used according to the subject invention.
Specifically disclosed are apparatuses for monitoring and controlling populations of
insects, particularly termites. For example, one such apparatus for monitoring the
presence of termites simply comprises a food source as a monitoring bait which can
be strategically placed at sites surrounding a structure. These monitoring baits are
accessible to the pest management operator so that they can be periodically
monitored for evidence of the presence of termites. Other apparatuses, such as
electronic devices, can be incorporated in the monitoring baits to alert the
homeowner or pest control operator to the presence of termites, Where ground or
soil surrounds a structure to be monitored for termites, the monitoring bait can be
placed in the soil near the foraging gallery of the pest. Where no soil is around a
structure or the foraging galleries are detected above ground, the bait can be placed
above ground. Advantageously, the monitoring bait can be constructed so that pests
can be removed easily and without substantial harm resulting to the pest, thereby
allowing the pest to be used to recruit other pests to the site.

Another apparatus useful according to the subject invention comprises a
housing which is specifically designed to enclose either a2 monitoring bait or toxin-
containing carrier. The bait or toxin can be enclosed within the housing and can thus
be protected from the environment.

One object of the present invention is to provide a relatively inexpensive,
environmentally safe termite control system requiring no complex machinery. The
invention provides apparatuses and methods for the monitoring of, and delivery of
a toxin to, a target pest wherein the apparatuses may be easily and safely serviced by
householders as well as professional pest management workers.

Advantageously, the disclosed materials and procedures minimize the risk of
exposure to persons handling toxins and increases toxin intake by termites. The
methods of the subject invention can drastically reduce pesticide use in the urban
environment, Moreover, this invention can be an important part of an Integrated
Pest Management (IPM) system. The first part of the IPM is designed to monitor

subterranean termite activity. No pesticide need be used until subterranean termite
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3 the nmonitoring period. Further,
in the penebratlon of the

damage to the inducing body can result
tern1t|C|de into the ground. This is not

enV|ronnenfaIIy accept abl e. One termte control nethod conprises

pl aci ng a

site of infestation in the hope that this wll

effecti ve

highly toxic material, such as an arsenic- -containi

ng dust, at a

directly control an

nunber of termtes at the site and also other termtes back in

the col ony. However, this nethod relies on punping toxic dust

termte tunnel

into a
and depositing relatively large quantities of dust

El aborate schenes of pipes to convey liquid termticides under and

surroundi ng buil di ngs
been suggested that these liquid tegmticides

have al so been proposed for termte control. It has
may be difgpeased into the

soi | surroundi ng and bel ow the building through these pipes to provide a
cont i nuous agaity is @etetted. t Ween avtivitydd dutecert], the setotdepart dihthe [FMtchipbe r equi res a

sur roundi ng

| ar ge quan N r | rder. t L the soH
t he buil di %ﬂn}l 1Xy9 whetefi'd aé%agglfanhty ﬁ%ﬁsu%dcd%? %}Xg CHeeR PPHEER L system
i nt ended fé’ro mtes)msabwenrgﬂ theredtite splovint mpulation.

As described more fully herein, there are a variety of methods and
apparatuses which can be utilized to practice the method of the subject invention.
The precise methods and apparatuses which would be optimal for a particular target
pest and environmental setting would be apparent to a person skilled in this art using
the teachings provided herein.

The descriptions and teachings which follow primarily focus-on the control of
termites. Specific methods and apparatuses for the control of termites are provided,
but variations of these methods and apparatuses and their applicability to pests other

than termites would be readily recognized and used by a person skilled in this art.

Brief Description of the Drawings

Figures la-1d illustrate the procedures comprising the monitoring and toxin
delivery steps of the subject method. Figures 1a-1d demonstrate the Integrated Pest
Management system wherein a single housing apparatus is used to house a
monitoring bait stake and a toxin delivery tube. Specifically, Figure la shows
placement of the monitoring bait stake into a housing apparatus pre-positioned in the
soil and placement of a stake cover over the housing and stake; Figure 1b shows
termite foraging tunnels which lead to the apparatus housing the monitoring bait
stake; Figure 1c shows removal of the monitoring bait stake and replacement with a
toxin delivery tube within the same housing apparatus; and Figure 1d shows that the
termites captured in the monitoring bait stake are placed into the toxin delivery tube
to recruit other termites to the toxin.

Figure 2 shows a side and top view of a monitoring bait stake, with support
bracket and outer housing.

ngure 3 shows top, side, and bottom views of a stake cover used as a thermal
shade.
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i.e., drywood termtes, which controls termtes by freezing with liquid
nitrogen. Although the liquid nitrogen is essentially non-toxic in that no
toxi ¢ residues persist, it is hazardous to use and the nethod is a spot
treatment and will not affect the mpjority of termtes. U S. Patent No.
4,043,073 describes a nethod which attenpts to circunvent the probl em of
repeated application of pesticide. The described nethod functions by
"“encapsul ating" the insecticide, thus making it nore persistent The overt
use of pesticides and their peristence in the environnent are not renedied
by this system Another proposed systemwhich fails to alleviate the

probl emof transferring insecticide directly into the soil is US. Patent
No. 3,624,953. This nethod enpl oys fireservoir |nseﬁtg§ wherein the
vapors of the insecticide are permtted to perneate the surroundi ng

the reservoir. FutssRXRQ8HG N mbdiSrifbAiORIRIL MarhdbiGuubst ances i s

not avoi ded . by using this nethod ToxT cant's -whi c ave | ess

envi r onnent HPCke plagsdin soll adiaperictn ashpRiire &updatioy AdhiR fisp of met B8 are known
(Su, N.Y, Mmbedsasihithemohttoriawedd Y WhdiP §hé] mehitofs@ORockERR ®hnd&tal- 4, SU, N Y.,

R H Scheffra 1988 orida Ent onol o 1st 7 g% 3-78;.Su, NY, RH
Schef f r ahn tlogeg%g)}o 53’@‘%@5{?? snﬁ?wr&rﬁﬂoml%% yreugt ﬁé 2?2 everg jhfegiptipn R
Schef f r abn fyt&edxes iSde mdnitadng blbék RYulBrkst3n &ie bfaakindlofhe £ikc8i Idhickoci obi ol

19(1);211-220; ef feahn [1991] J. Econ. Entonol
84( 1) 170- 17gb3§¥‘r1r‘e&&§dbﬁ’f’§§]§%° CdefSh Entonpl 77: 1086. 1091; Paton, R

L.R Ml er [19Bgjressgdhshonia mehitoring and self-recruiting procedure to deliver toxin-
containing carrier to termites when a contiguous baiting block configuration is used.

Figures 6a-6¢ show how an above-ground termite morﬁton'hg/éapturing/to:dn-
delivery apparatus. Figures 6a and 6b show a section cut out for placement against
a wall having a molding. Figure 6c shows an exploded view of the box, toxin carrier,
and lid as appropriated mounted against a wall.

Figures 7a-7b show a modified above-ground termite control apparatus having
interlocking walls.

Figure 8 shows one example of a horizontal monitoring device and statoin.

Figures 9a-9d show one example of the use of a horizontal monitoring device
and toxin delivery system.

Figure 10 shows one example of monitoring device, monitoring station, and

toxin delivery unit.

Detailed Disclosure of the Invention

The subject invention pertains to novel methods and apparatuses for
controlling populations of pests. The present invention is based on the concept of
providing a suitable toxin in a carrier which is non-repellant to the species of pest to
be controlled. In a preferred embodiment, the invention further comprises a self-
recruiting method of bringing additional pests to the toxin,

Tl'ae described method is most readily applicable to insects which live in
colonies and which communicate by chemical signals such as, for example,

pheromones. Pheromones are naturally produced chemotactic compounds that
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Mast ot ermes darwi niensis Froggatt (lsoptera: Mastotermtidae) with Mrex
Baits,," Austrralian Forest Research 10:249-258; MHenry, WE., U S. Patent
No. 4,626,528; Henrick, CA U S. Patent No. 5,151, 443). However, none of

t hese toxicants have previously been used in conjunction with a nethod
which efficiently and efficaciously delivers the toxicant to a target pest.
Australian Patent No. 1,597,293 (the '293 patent) and a correspondi ng G eat
Britain Patent, No. 1,561,901, describe a nethod which involves m xing

i nsecticide with a food matrix conprising cellulose and a binding agent.
The nethod described in the '293 patent relies on the

10 - UF122.C1

termites and other insects are known to use as communication signals. The described
method can be used, for example, to capture and control insects of the order
Isoptera, and is particularly useful for controlling populations of subterranean
termites. It would be readily apparent to persons of brdinary skill in the art that the
method and apparatuses are adaptable to a variety of pest species. Examples of
termite species which can be controlled by use of the disclosed method include
Coptotermes formosanus, Reticulitermes flavipes, R. hesperus, R. virginicus, R. tibialis,
and Heterotermes aureus, as well as termite species of the families (and pest genera)
Mastotermitidae  (Mastotermes  species), Hodotermididae (4nacanthotermes,
Zootermopsis species), Rhinotermitidae (Coptoternmes, Heterotermes, Reticulitermes,
Psammotermes,  Prorhinotermes, ~Schedorhinotermes species), Kalotermitidae
(Cryptotermes, Incisitermes, Kalotermes, Marginitermes species), Serritermitidae, and
Termitidae (Aliodontermes, Microtermes, Odontotermes, Nasutitermes, Termes,
Amitermes, Globitermes, Microcerotermes species), and other pest species of termites.
For purposes of brevity, the emphasis herein is directed to subterranean termites.

A preferred embodiment of the invention features two primary steps: (1)
population monitoring/capturing (hereinafter referred to as monitoring), and (2)
delivery of a toxin to a pest through the use of a toxin-containing carrier. The first
step comprises monitoring a particular location to detect any termite activity. This
step may further comprise capturing termites. The second step involves providing a
slow-acting toxin in a carrier which is eaten or otherwise contacted by the termites.
The slow-acting toxin allows termites to return to their nest before dying. Nestmates
then follow the trail back to the toxin. Each of the two above-referenced steps is
described in more detail below. Also discussed below in greater detail is the self- .
recruitment aspect of the toxin delivery step and new apparatuses useful in carrying
out the methods of the subject invention.

A.. Monitoring. The primary objective of the monitoring step is to detect the
presence of subterranean termites and not to attract termites from other locations.

If termites are present, this step provides an opportunity to collect them. If termites
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4 termte ingesting the insecticide along with the matrix, then returning
to the <colony to introduce the insecticide to other termtes through the
nat ur al process of trophallaris (food exchange between ternmites). However,
the ' 293 patent describes usages only when termtes are known to be
present and, furthernore, the described nethod fails to ensure that the
termtes will initially find the matrix and relies on those termtes
finding the matrix to transfer sufficient anounts of the insecticide to
the colony solely by trophallaxis. Like the Japanese patent application No.
63- 151033, the nethod of the 293 patent requires that the matrix is nore
attractive to the termtes

11 _ UF122.C1
are collected, these termites can then be used for recruiting other nestmates to a
toxin according to the second step of the invention. Therefore, it is preferred that
termites be collected in a manner which does not adversely affect the termite’s
viability. The terms “without affecting viability” and “remain viable” mean that the
captured termite is relatively unharmed and that it is able to forage and, preferably,
has sufficient mobility to return to the nest.

Certain devices can be used to monitor for termite activity. The monitoring
devices can be placed in, on, or above the ground. These devices may be placed
individually or interconnected to surround structures to be monitored. The materials
used for the monitoring device shbuld not repel or deter termites. Preferably, these
materials should be durable to maintain structural integrity in variable environments
(high humidity, aridity) for a period sufficient for termites to locate and access the.
monitoring devices. The monitoring device should be able to withstand foraging
activity by a large number of termites so the materials are not totally consumed
within a reasonable time interval between inspections.

In a preferred embodiment of the monitoring step, a cellulose article can be
used to detect and/or capture the target termites. The cellulose article s, thus, the.
“monitoring bait,” or “monitoring article.” The cellulose ‘article employed in this
monitoring step preferably allows the capture of termites with a minimum amount
of harm to the termites. The article can be of any cellulose material which is

~ susceptible to termite infestation. .

The cellulose article used in the monitoring/capture step can be comprised of
at least two interfacing, separable pieces which can be bound together. The two-
piece ‘construction allows for easy collection of termites within the cellulose article.
For example, a wooden stake can be comprised of two or more interfacing pieces
which are bound together at the two ends bf the stakes. The binding which holds
together the pieces can be flexible metal bands, an adhesive tape, or the like. As
shown in Figure 2, the interfacing pieces can be enclosed within a bracket device

comprised of horizontal bands which are interconnected by longitudinal supports
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t han surrounding materials. The met hod described in the 293 patent relies
on the noisture in the matrix (supposedly retained by the binding agent,
agar) to attract termites. The described nethod, therefore, is primrily
for termte species that are attracted to noisture (or those under "water
stress"). Mreover, the '293 nmethod fails to assure that the noisture wll
remain in the baits when applied in the field awaiting termte arrival.
This is an unrealistic requirenent for a practical application, because
even a noi stened sawdust-agar matrix will desicate within a few days when
placed in a dry soil. It should be noted that attractants ot her
than water for termtes have been investigated. For exanple, the extract
from brown-rot fungi chemcally resgnbles the trail-folmwag pherom)nes
of termtes. Natural pheronones, however, are species and even

col ony- specMuchformAbmnmtammachtfﬁr&terhas a'haﬁdleraa@hd: Mﬁ"tofa@xhﬁt‘iﬁeﬁpﬁcl es or col ony

of termt esafﬁx HIOﬁ% %tglgerﬂ'OgI[ef%C EJOUIQC}CVQII W?Gn%eﬁlér z?mé)oléd gx(?nlhg ?CI e%? SUChI Sagf t he

uncertain v ore NCor por a
brown-rot fungi %b@tnff?i@te)i embodimpriof thcemquéml step utlixzea alpauter h@smg) be used

agai nst a V"'wﬁi@hfs?é}@ﬁtecffom Bue flfobifis BRSO RSHn a31c1e In one Ieﬁzbécﬁg &l so be not ed

that trophallaxis’ is an uncertaln neans o I verl I nsect icide to
the col ony B¥ERrYHng qan hayeapbualiniefeny ppinst vhich @hwmesm@swm net abol i c

processes dfofitthingbiti€lE.t Thed@utdd Gbhsid chrﬂﬂﬁﬁéi' c@ﬁbnse'ﬂéﬁfd%ed 1pREBnd he
I nsecti ci de Idsto ig’%%etp?aq:e bg;lt mpo%hé g?rcr)urgdt %he outer housing may further comprise,
at the end opposite the reinforced tip, a locking means which engages a cover. One
embodiment is shown in Figure 2. The monitoring article and/or the outer housing
can be readily adapted for above-ground use, for example, in trees or on structures.
When an outer housing is used, the same housing can be used for both the
monitoring step and the toxin delivery step. For example, once termites are observed
in the monitoring step, the monitoring article (without toxin) can be removed from
the housing and replaced with a toxin-containing carrier. One advantage to the use
of the outer housing is that the termite foraging tunnels will not be greatly disrupted
by removal of the monitoring article if the housing remains in place. Thus, when the
- monitoring article is replaced with a toxin-containing carrier, foraging can commence
readily without extensive restructuring of the foraging tunnels of the termites.

The monitoring article (or housing containing the monitoring article) can be
placed in the ground or other appropriate location for a time sufficient to allow
termite infestation. The monitoring article can be placed in the ground directly by
being driven into the soil or placed into a pre-existing hole or location of sufficient
dimension to allow the article to remain in position. Alternatively, the monitoring
article can be placed inside the outer housing which is placed on or in the ground.
The monitoring article and/or outer housing may lie flat on the ground or be placed
upright in a hole.

In one embodiment of the monitoring step, the monitoring device is modified
chemicaliy and/or physically to increase the possibility that the target pest will enter
and move within the device. A variety of chemical means, such as food, moisture,

and pheromones or their mimics (e.g., glycol compounds), and physical characteristics,
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I nsecticide may be rendered inactive by the digestive process of the
termtes. Moreover, suppression of a termte population requires that a
subst anti al® nunber of ternmites in the colony are disabled before their
damage potential is dimnished. Relying only on trophallaxis to transfer

t he toxi cant does not ensure that adequate nunbers of termtes wll be
controll ed. Modi fications to the nethod described in the 293 patent
nmey not increase the bait intake of termtes. For exanple, the '293 nethod
requires that the matrix m xture be applied at a known infestation site
such as a termte nound or tree trunk. This method, therefore, can be used
only as a renedial treatnent. The ' 293 nethod .cannot be used unl ess

activity of termtes is detected. Tihe '293 patent al so prppeses that a
| arge quantity of toxicant bait be placed at random | ocations as a
prevent at i saclnmabapegsize, H@mmfe, canibt hedto ghisvd tlis ohjeaivior Ooectamplef or det ecti ng

termtes, t%glcpga#éca moé( ca{ Auﬁ{b a% Eovgpglacqg%k%qgé %og{ongi?%aa{g%ndue to fungal

growt h and unpa reover, an unnecessary |arge
quantity ofdeliexi d@ms |%lbappiemec¢mmtcmgr@m|hemﬂem object on the soil

surface because soil temperature and moisture beneath such an object are different
from the surrounding soil. One embodiment of the cover is a circular or disc-shaped
device having a convex top and concave bottom side. Insulation material such as
styrofoam may be incorporated in the cover material to further maintain stable
temperature and humidity beneath the cover. The cover may be, for example, four
inches or more in diameter. The bottom side of the cover can be radially ribbed or
grooved. The top side can be smooth-surfaced. At the center of the cover can be
a closeable opening. The opening can be of sufficient dimension so that the bait
station housing can be passed therethrough. The Iid can also serve as an inspection:
window. In addition, located approximately between the center and outer edge of
the cover can be small holes so that nails or similar fasteners can secure the cover
to the ground. One embodiment is shown in Figure 3.

Once infested by termites, the monitoring article can be gently removed from
the soil or from the outer casing. As stated above, it is advantageous to utilize an
outer housing to minimize disruption to foraging tunnels. Upon removal of the
monitoring article, a toxin-containing carrier can then be placed in the housing or
other location previously occupied by the monitoring article. In this way, toxin is not
used until the presence of termites is determined by the monitoring step.

In a preferred embodiment described more fully below, termites collected in
the monitoring step are used to recruit more termites to the toxin. Therefore, the
monitoring article can be specifically designed to facilitate capture of termites. Such
an article, as described above, may have interfacing sides. After removal from the
ground or the housing the interfacing sides of the monitoring stake are unbound 5o
that the sides can be separated and termites extracted from them. The dimensions
and shapé of the stakes are designed so that termites foraging in the wooden stakes
can be extracted with minimum harm. “Minimum harm” means that the termites

which are captured remain viable and are capable of foraging and producing
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5 It is therefore highly desirable to nore effectively control
termtes or.other insects in a manner which assures that the termtes or
ot her ‘i nsedts of interest are exposed to the toxicant, which mnimzes
envi ronnment al harm by reduci ng the anount of insecticide used, and which

affects adequate nunbers of termtes in a colony.
Brief Summary of the Invention The invention disclosed and cl ai ned

herein relates to a nethod for controlling popul ati ons of pests. The

i nvention is nost advantageously used for controlling the popul ati on of

soci al insects which communicate through chem cal signals. Specifically
exenplified herein are nethods and devices for the control of insects of

the order Isoptera, particularly, tgrmtes. Accor dijpice a first
enbodi ment of this invention, there is provided a nethod for reducing or

el i m nat i ngharopeRlir| prefirably, drs oflé & Bfurn RIBEh&: fob adcthiiinaastaanpri si ng:
The extracted termites are then used to recruit other termites from the soil into a
toxin-containing carrier. Termites foraging in the monitoring article can be
transferred to a toxin delivery station by gently removing or tapping them from the
article into the toxin delivery station. The toxin delivery station can comprise a
chamber above the toxin-containing carrier into which the termites are placed. To
exit the station, the termites must then tunnel through the toxin-containing carrier.
One example of how the monitoring step cay be conducted is as follows:

(a)  Placement of the monitoring article. A hole can be made in the

soil of appropriate dimension for positioning of the housing apparatus. The housing
apparatus is placed into the hole. The monitoring article is placed inside the housing
apparatus. A cover can be placed over the monitoring article and the cover secured
to the surface of the ground. Alternatively, the monitoring article can be placed
inside the housing apparatus and the monitoring article can be hammered into the
soil until the housing apparatus opening is near the soil surface. Also, the monitoring
article or housing may be placed flat on the ground. Also, the monitoring article or
housing can be adapted for above ground use.

{b) Inspection of monitoring articles. The monitoring article can be

inspected perjodically for evidence of termite infestation by visually examining the
article for signs of infestation. Inspection of the mbnitoring articles can be performed
weekly, bi-weekly, monthly, etc. as needed or desired. Inspection may be done
visually, or automatic monitoring devices may be used. For example, termites are
known to chew through soft metal. Therefore, thin strips of metal may be
incorporated into the monitoring article and connected to an electronic device, When
termites chew through the thin metal, the circuit is broken, thus evidencing the
presence of termites. See Figures 4 and 5. Also, the monitoring device may be
designed to detect the sound produced by termites as they feed on the monitoring
article.

(c) Detection of presence of termites. Upon the detection of the

presence of termites in the monitoring article, the monitoring article is removed from
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(a) periodically observing a cellul ose nonitoring device for evidence of

| sopteran factivity, wherein said cellulose nonitoring device is enclosed in
a non-bi odégr adabl e station housing; and (b) replacing the nonitoring
device with a toxicant-containing matrix in order to reduce or elimnate
the popul ation of said isopterans; wherein said toxicant-containing matrix
I's enclosed in said station housing; and wherein said station housing is
adapted to have above-ground accessibility for nonitoring device or matrix
repl acenent during use. According to a second enbodi nent of this

I nvention, there is provided a nethod for protecting structures or
agricultural areas fromtermte .danage by using a pest nmanagenent system

t hat conpri ses: (a) the use ofs a durable station dpeysicag that can be
used i nterchangeably for the detection of termtes and for the introduction
of a toxicaht hasing appatang amafdpiaxcd with a toﬁb)oxtdiﬁnymi@;‘thm @edtihgk ose noni toring
devi ce placed Ih n saqu ere ni.tori ng device
i's peri odi ca’fnil\éme %’géta%oéld %%\}m %rﬁ(?%p%mfgén t\ﬂlh omm g %e”c%n bE (c)

t he use of qtramdlaoammtapp@mc mrguppaltqhambetr@fﬂledmmedebvenedtatmnﬁoe the termte

popul ati on SUBGRGLERE uhs il 29 &Y RAHGANOhokiflE hiScdblk!(Midny: Wherein said

station

otherwise known to be present), thereby eliminating the use of any unnecessary toxin.
When termites are detected, the toxin-containing carrier is utilized until no termite
activity is detected in the toxin delivery station. At that time, monitoring devices can
be used again. In addition to the practice of replacing monitoring articles with toxin-
containing carrier, another embodiment of the invention comprises a monitoring
article which remains in place and a toxin delivery station which can be added tp, or
fitted around, the monitoring article if the need arises to deliver toxin.

B. Toxin deliverv. The objective of the toxin delivery step is to induce as-
many pests as possible from a colony to contact or eat a toxin. The details of the
toxin delivery step are herein described as pertaining to termites, particularly.
However, as stated above, the method can also apply to other insects, especially those
subterranean insects which live in colonies or nests and which communicate by
chemical signals, i.e., pheromones.

The essential elements of a toxin delivery system comprise the presentation
of an active ingredient (AI) and a suitable carrier in 2 manner that induces the target
pest to ingest or contact the AL. The toxin-containing carrier should be delivered in,
on, or above the ground in a manner which eliminates unnecessary exposure of the
environment, applicator, and other non-target organisms to the toxin. For example,
a suitable carrier can be a coatable, suspendable, impregnable natural or artificial
food source. The carrier does not need to attract pests, but should not repel them.
The presentation of the carrier (in a housing, etc.) may induce pests to contact the
toxin. The suitable carrier further can be capable of being formed into a desired
shape for placing or packing into a housing apparatus, or can achieve the desired
consisteﬁcy by the addition of a liquid thereto. More specifically, suitable carriers can
be formable cellulose-containing materials including, but not limited to, wood

particles or wood flour, Methocel®, or recycled paper. A preferred cellulose-
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housing is

adapted to have above-ground accessibility for non

or matrd x replacement during use. According to a third e
this invention, there is provided a nethod for reducing or el
of isopteran insects living in a nest or colony, said nethod

popul ati on

conpri si ng:

(a) capturing an isopteran alive; and

Itoring device
nbodi nent of
i mnating a

(b) using said

captured isopteran in a self-recruitnment process by exposing said captured
i sopteran to a toxicant-containing matrix in such a manner so that said
i sopteran is forced to nove through said'toxicant-containing matri x and
wherein said is isopteran

16 UF122.C1

containing carrier is sawdust or wood flour from a low-resin-containing hardwood.
For use with termites and other pest species which are attracted to, or reliant on, the
presence of sufficient moisture, the carrier can further comprise a humectant for
maintaining moisture content. An appropriate humectant can have hygroscopic
characteristics. The monitoring step and toxin delivery step could use the same
carrier, except that no toxin is impregnated into the carrier used for the monitoring
step.

The preferred active ingredient should be slow-acting, lethal at concentrations
which do not repel target insects, and capable of being combined with the carrier
matrix as described above. It is intended that pests directly contacting or ingesting
the toxin will not be killed immediately but will travel to a colohy to recruit other
pests to the toxin, thereby resulting in the control of large numbers of insects. The
term “delayed lethal effect” in the present specification means that death does not
occur immediately or within a short time such as a few seconds or minutes after
ingestion or contact of the active ingredient by a termite. Rather, it is preferred that
the pest die hours or, preferably, days or weeks after encountering the toxin. This
delayed lethal effect permits the termites to return to the colony before death occurs,
thus allowing the location of the toxin delivery system to be communicated to
nestmates within the colony. It is preferable that the communication be effected by
pheromones because these chemical signals are a highly efficient means of
communication, often being speciﬁé to a particular colony. In addition,

communication by trail-following pheromones is initiated by their deposit duectly into

‘the toxin-containing carrier by captured termites which return to the colony, thereby

recruiting these nestmates to the toxin bait, ensuring their exposure to the slow-acting
toxin.

The active ingredient can comprise chemical insecticides, insect growth
regulators, or microbial pathogens or their toxin preparation. Examples of toxins
include, Eut are not limited to, borates (boric acid, disodium octaborate tetrahydrate),
mirex, sulfluramid and related fluoroalkyl sulfonamides, hydramethylnon, avermectin,

A-9248 (diiodomethyl para-tolyl sulfone), fluorosulfonates, imidacloprid, azadirachtin,
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6 capabl e of

returning to said nest or colony before said isopteran dies

so as to fdcilitate comunication, to other of said isopterans, of the

| ocati on of ‘said toxicant.

According to a fourth enbodi nent of this

invention, there is provided a nethod for increasing the attractiveness to

| sopteran insects of a toxicant-containing matrix,

sai d net hod conpri sing:

(a) capturing an isopteran alive; and (b) exposing said captured

i sopteran to a toxicant-containing matrix in such a manner that said insect
i's induced to nove through the toxicant-containing matrix before returning
to its colony, thus inprinting the toxicant-containing matrix with the

col ony's own uni que chem cal recognition system

According to a fifth

enbodi ment of this invention, there;is provi ded an isopb?ﬁ ]nonitoring
S

device, wherein said nonitoring device conprises at

| ea

‘WO separ abl e,

i nt er f aci ngeyporeeds, juvshiletarineCE@Hs)] j@vERild hdrRofORkBEL (TMAS o S@edidevi ce is
depl oyed dug& qmm%%&}gﬂhgﬁ bgt mhéchrgle%es are_easily separable to renove
i sopt er ans W TROUE S RET T MY SWRRYe taoRssrg, tydroprene, triprene, furnesinic acid

M)

ethyl and alkoxy derivatives, pyriproxyfen (Nylar), fenoxycarb, and chitin synthesis
inhibitors (CSIs) such as hexaflumuron and other acylureas, diflubenzuron (Dimilin),
and azadirachtin. Biological control agents which can be used as the “toxin” include,
but are not limited to, entomogenous fungi such as Metarhizium anisoplige and
Beauveria bassiania, entomogenous nematodes such as Neoplectana carpocapsae,
insect viruses, pathogenic bacteria such as Baciilus thuringiensis, Aspergillus flavus, and
Serratia marcescens, or the toxin preparations derived from B. thuringiensis or other
biological control agents.

In addition, other insecticides can be used as microencapsulated fdrmulations.
Microencapsulation can slow the activity of otherwise fast-acting toxins. An example-
of the invention disclosed herein uses hexaflumuron, which can be impregnated into
the cellulose material during the formulation of the toxin-containing carrier.

As discussed above, a novel feature of one embodiment of the subject.
invention comprises a “self-recruiting system” to use collected termites .to recruit
other termites to the toxin delivery station. It is widely recognized that certain insects
utilize chemical signals such as pheromones, which can be deposited along a trail by
an insect which has located, for example, a food source. Subsequently, other insects,
usually from the same colony, detect the chemical signal and are thus directed to that
food source. Such trail-following pheromones of some subterranean termites have
been identified; however, synthesis of such natural products or their analogs is
difficult, costly, and impractical. . Moreover, the proper concentration and
composition of these pheromones can be species- and colony-specific. Therefore,
reproducing functional synthetic pheromones would be nearly impossible for the
desired purpose of widespread use in attracting termites.

An advantageous feature of the “self-recruitment” embodiment of the subject
invention is to utilize a captured target pest to produce the species- and colony-
specific pheromone for recruiting other pests to the toxin. The method is particularly

well suited for aggregating a great number of pests from a single colony to a toxin.
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According to a sixth of this invention, there is provided a conposition for
t he controV of an isopteran insect I|V|ng in a colony, said conposition
consi sting éessentially of a cellulose material in association with a

t oxi cant and wherein said conposition has been nmade nore attractive as a
food source for said isopteran insect by inducing a live isopteran insect
fromsaid colony to nove through said conposition before exiting to return
to said col ony. According to a seventh enbodi nent of this invention,
there is provided a station housing for enclosing either a cellul ose device
for nmonitoring isopteran activity or a toxicant-containing matrix for
delivery of toxicant to an isopteran, said housing being formed froma

durabl e, essentially non- bi odegradahbe material conprisifpg,£Rtry points for
sai d isopterans, wherein said housing is adapted to have %ove gr ound

accessibil i lxyaéc@fdamam;tlpﬂier@lfﬁ@m@eﬂtoémmﬁﬂehﬁ( e ACORBBE iflukd Ng use.
According tg th| I nventi.on, there is provided a kit

a
conprising @ o gpéasgta%ﬁ;ﬁ%:ﬁ o’h%?tﬁtbonfvﬂ TOHRFULIIRIE CATeE| 400 MBS devi ce for
noni toring Feepy enentheongh te td;an@bntﬁmhg)oanﬁabéfﬂﬁeaﬁ:ﬁmgltdilgzeﬁfﬁitsstl I for delivery

of toxicant htlom eJ* 58?%3#@9 mc%s% (ojr conlflaclcsn&e “OR " g:,lgag th ré;r%fl nts for said
I sopt er ans; nmprising one or %ﬁ RPﬁ oup consi st ng
of commumcatlon signals throughout the toxm-contammg carrier, which encourages
other termites to locate the toxin-containing carrier and initiate feeding activity.
In one embodiment of the self-recruiting system, termites in the monitoring
stakes are gently tapped into an empty chamber situated at the top of the bait
* station. This chamber may be, for example, about 3.0 cm in diameter and about 2.0
cm deep. Smaller or much larger chambers could also be used. The open end is
then closed. These termites must then enter the toxin-containing carrier. Vertical
tubes of plastic can be supplied to encourage this process. The termites then tunnel
through the toxin-containing carrier before returning to their galleries, thereby leaving
trail-following pheromones in the toxin-containing carrier. The exiting process may
be encouraged by horizontal tubes. This arrangement forces termites to remain in
the bait station and thus leave trail-following pheromone in the stations to recruit
nestmates into the toxin-containing carrier. As discussed above, the self-recruiting
procedure advantageously uses termites to leave the species- and colony-specific
composition of pheromones to recruit nestmates, as compared to the use of synthetic
pheromones which can fail because of their lack of specificity. The deposit of specific
pheromone in the toxin by the captured termites thus aids in recruiting other termites
to the toxin, whereupon they forage, are exposed to toxin, and deposit more
pheromone, thus creating a cyclical, self-recruiting termite control method.
C. Apparatuses. Employed at each step of the method are novel apparatuses.
As described above, one method for the monitoring step employs a novel, separable
article placed into the ground (or into a housing) for attracting and capturing termites
indigenous to an area. The termites are captured in such a way so that they remain
viable and can be easily transferred to the toxin delivery apparatus used in the
second, or toxin' delivery, step. Alternatively, for monitoring above-ground, an

apparatus which houses a food source such as sawdust, or a modified stake, can be
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(a) a cellulose device for nonitoring isopteran activity; and (b) a

t oxi cant'-contai ning nmatri x; wherein said station housing is adapted to have
above- ground accessibility for nonitoring device or matrix replacement
during use. According to a ninth enbodi nent of this invention, there

is provided a A method for reducing or elimnating a populatior of
termtes in atree or a structure wherein said nethod conprises placing a

toxi cant-containing matrix in or on said structure or tree
5b :
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placed on or attached to (or inside) the wall of a structure or a tree. The above-
ground monitoring apparatus is also easily accessible for periodic monitoring and
capture of pests for use in the toxin delivery step.

The monitoring and toxin delivery steps employ novel housing apparatuses.
The novel housing apparatuses of t-l}é subject invention are designed to protect and
enclose the monitoring article and toxin-containing carrier and, preferably, to
encourage termites to contact the to:ﬁn-contai:ﬁng carrier wherein the termites are
exposed to lethal doses of a toxin. For purposes of the subject invention, the housing
apparatus should be durable enough to contain the monitoring article or toxin-
containing carrier in variable environments (ie., wet vs. arid), and should be
constructed in a manner or of a material that will allow target pests to pass through
the housing, i.e., with pre-formed entry points, or of a material in which insects can:
form their own openings. The housing should be non-repellant to target insects. A
preferred housing would be capable of repeated use, environmentally acceptable, and
an effective barrier between the toxin and the handler or the environment. Materials
from which the housing can be constructed include, but are not limited to, polymers
such as plastic, metal, wax, cellulose-based materials such as cardboard, particle
board, paperboard, and the like. Housings which are not eaten by termites are
preferred.

The housing is designed to minimize direct contact of persons handling the
bait station with toxin-containing bait, and to allow termites collected from the
monitoring procedure to return back to the foraging galley for recruiting other
nestmates.

The housing should be of a size and shape that is large enough to contain an
effective amount of toxin while still being easily handled by individuals. The housing
should further be of a size and shape that is accessible to the target insects. The
various shapes of the housing can include, but are not limited to, cylinders, discs,
rectangle.s, and cones.

One embodiment of the subject invention can utilize a single housing umit

which can house the monitoring article for use in the monitoring step and then, after
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wherein said toxicant-containing matrix is enclosed within a durable
station housi ng and wherein said station housing is adapted to have
above<ground accessibility for nmonitoring device or matri x repl acenent
during use. One preferred nethod of the subject invention is nost
easily thought of as conprising two steps. These two steps can be repeated
to forma nmultistep process or the two steps can be conducted concurrently.
One step involves nonitoring and/ or capturing target pests by a neans which
does not enploy the use of any pesticide. This step functions to detect the
presence of pests. In addition, this nonitoring step can also function as a
means to capture the pest w thout causing the pest substantial harm or

di sturbance of colony activity. In the enbodi nent of t 5 W nti on wherein
pests are captured, the captured pest is still alive and, “preferably,

capabl e of LBWiddGne ﬁé}ﬁzbﬁ%arem oA 2R UGdsB theGHEME A Bninyl ARRL. swabi ch can attract
feIIOM/pests This step of thé process, wherein the pests are detected or

capt ured i PhBPRIOHES ftél? °?E‘P§rﬁaﬂ st oF ofleraqlosaGonainipg Agieriay a5 The
ot her st ep cohpdrbg d@mcxﬁ&mom&vsaﬁa@&e@mumodah Ibaq:aﬁ.agtﬁmiﬂ ahtearenof pests once

e e RS LTS ok S B ok B AT o Rl 1 oo £,
pests are opedkhgeoht E:dmﬂ)&n@.mtxﬁsuéatn al3b be a cellulose-containing material such as

paper, cardboard, paperboard, or the like, so that it is palatable to termites.

Similarly, the toxin and its carrier can be packaged in a cellulose-containing package

wherein the packaging serves as a barrier to prevent the handler from exposure to

the toxin.

Following are examples which illustrate procedures, including the best mode,
for practicing the invention. These examples should not be construed as limiting. All
percentages are by weight and all solvent mixture proportions are by volume unless

otherwise noted.

Example 1 — Preparation of Toxin-Containing Carrier

The toxin-containing carrier can comprise cellulose, preferably in the form of
a powder or small particles, and the active ingredient of a toxin. Cellulose in the
form of powder allows for a more homogeneous mixture of cellulose and toxin and
facilitates packing and handling. A humectant component can be added to the
carrier to maintain moisture content. In one embodiment of the invention, a
Methocel® solution of about 1% to about 5% can be used effectively. An about 1-
2% solution is preferred. Moisture content can be varied according to the
preferences of different termite species. A preferred embodiment of the invention
employs a carrier comprising sawdust, preferably of a hardwood which has a low resin
content, as the cellulose component, and water sufficient to yield a moisture content
of approximately 50% to about 90% by weight. A moisture content of about 60-80%
is prcfeﬁred. Water content can be varied but should be adequate to thoroughly
moisten the dry components of the carrier, but should not be so much as to result in

a soup-like consistency. The preferred consistency of the final matrix is that of a
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I ngesting or otherw se contacting a toxicant. The subject invention has
been di scovered to be highly effective in controlling even extrenely
|large ‘ternite colonies, Advantageously, the control nethod utilizes only
very small anmpbunts of toxicant, and this toxicant is applied in a strictly
defined and controlled manner to mnim ze exposure of the environnent to
toxicants. The use of toxicant is confined in terns of the very limted
guantity and coverage of the toxicant, and in terns of the period during
whi ch the toxicant is used. Once control is attained, the nonitoring step
can continue. These steps can al so be conducted si rrul t aneousl y.

Specific carriers of toxicants, such as bait or tracking powler, are
aspects of the subject i nvent i on. These carriers are refgsyed to herein as
matrices. Al so described are apparatuses for presenting the

t oxi cant - CO@&:ﬁLsﬂlid’kﬂstm&bBy thesabiifr dr Mo HowR @&t be combactedI t8gethep b erred

enbodi nent qf tng I.hve 8 t he Con roI s,/t E) rocg}g‘? can utilize
pests whi ch H&Y obggﬁedg %’f" lr‘séfffmltallfu‘l” 107 g ﬁeﬁﬁass ET)dp %5 cally, these
captured pei&edmgb;nhmumetde-fan Altérnhest(Raloullr@resspéciesfané theFesicad 0 t he

t oxi cant - copial trl reln referred to as "self-recruitnment,” and,
I n sone mstané%gl%t del \7; S'(’)”f(l cant to a nest or colony of the pests
The Further studies have shown that sawdust from hardwood species such as, for

example, oak, beech, birch, or maple was preferred by termites. This was a
surprising result because it previously was widely assumed that termites preferred soft
wood which was easier to eat. As used herein, reference to “sawdust” means fine
wood particles which may be so fine as to be known as wood flour, and which may
be produced from wood by any suitable process as well as by sawing wood.
Furthermore, the bait can be made a preferred food by suitable choice of the species
of timber and also suitable choice of the maximum particle size. The exact species:
of termite to be eradicated will indicate the optimum wood flour and the optimum
particle size.
A procedure for the preparation of the toxin-containing carrier used for the
toxin delivery step is conducted as follows:
L Hardwood sawdust or wood flour is mixed with water.in proportions.
of approximately 70% water (w/w).  Alternatively, the water

component can be 1-2% Methocel® solution.

P

Toxin is mixed into the sawdust/water matrix to result in a final

concentration of approximately 5000 ppm.

3. The toxin-containing mixture is thoroughly mixed to ensure
homogeneity of the components.

4. The toxin-containing mixture can be adjusted with additional water or
sawdust to achieve a semi-solid formable consistency which can be
packed into the housing apparatus or into a cellulose-containing
packaging material.

5. The toxin-containing composition can be stored in a moisture-tight and

air-tight packaging to maintain the appropriate moisture content.
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Example 2 — Construction of Bait Station Housing

In one embodiment of the invention, the housing can comprise a rigid tube
which is pointed at one end and closeably open at its opposite end. The tube is
preferably made of a shock-resistant plastic (polymer), or can be any such material
which resists decay or corrosion when exposed to moisture, especially when buried
underground for a period of time. Preferably, the texture of the bait station housing
apparatus is coarse. Numerous entry points on the side of the housing can lead to
inner tubes that may be bent to attaéh to the inner wall of the toxin delivery tube.
In this embodiment, termites entering the housing from the soil are directed sideways
and into the toxin. The bent inner tubes provide entry points for termites in the soil.
Because they are bent sideways, the toxin-containing carrier canmot be directly
accessed from outside. Preferably, the entry points have a diameter which is larger
than the head of the termite but smaller than the width of its head and two antennae.
These holes can have, for example, an inner diameter of about 0.25 ¢cm. Toxin-
containing carrier is added to the tube to a level lower than the closeably open end.
This level may be, for example, about 2.0 cm below the end. A plastic insert with a
plurality of holes can be plaéed into the toxin-containing carrier at the closeably open
end of the bait station. There may be, for example, six holes having an inner
diameter of about 0.25 cm. Vertical tubings extending from the holes of the insert
can be punctured into the toxin-containing carrier. This arrangement helps to
tamper-proof the bait station because the toxin-containing carrier cannot be accessed
from any external opening of the bait station. A detachable cap can be placed to
leave a closed chamber (for example, 3.0 cm diameter x 2.0 cm deep) at the closeably
open end of the bait station. The detachable cap is either engaged with a snap-on
attachment or can be threadedly engaged. The closed chamber provides a location

to place termites to be used for self-recruitment.

Example 3 — Above-Ground Monitorine and Toxicant Delivery -

In urban areas where the soil which surrounds a structure is often paved with

cement, or asphalt, or some like material, the placement of the monitoring and/or

e
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uni que use of captured pests to make the toxin matrix nore attractive to
nestmates 'is:referred to herein as "self-recruitnment” As described berein,
a captured pest can be induced to chew or nove through a

toxi cant-containing matrix before travelling to the nest. In a preferred
enbodi nent of the subject invention, the toxicant is relatively slow acting
so the pest can travel through the colony territory before dying. Because
the termte | eaves the toxicant-containing nmatrix before dying, this method
prevents the tainting of the carrier and vicinity of the matrix with dead
or dying termites. In the course of traveling within the nest, the pest can
| eave a chemcal trail directing or recruiting other of the target pests to
the toxicant-containing matrix. Als t he captured pestgﬂﬁngLeave chem cal
signals in the toxicant-containing matrix itself, comuni¢cating the

desirabi | it Yoxsthntt feBvdrp @iemBas 3SR thd@%And RAYT o Ibe BRENEAS 'Pé'rﬁit§]PECi es- and
eous or

even col ony- cific, these chem cals are highly advant ag:

sel f-recrui frﬁgsﬁalm%fhoﬁ%"?[’ FReoiEss 0 atPng’?"‘Fb’)?i BRI GFERi APSSEOIFRER i x. Al so, the
pest may delaltareative spplicasiod add@edighef the describedrinvext@iRb@pristd AmbiigEhal | axi s or
canniibalis e { toxicant. can.kill,.othey nestmats. The effect of

thi s nethod %%Xi{}gécr%'naﬁ(%ﬁ‘f AR Wé’ﬁlhf%ncbgﬁ’fcaq lﬂiaﬁag?ﬁﬁolugyﬁffﬁﬂ' nore attractive
to the termtes ﬁhh@vagmplahteﬁgnémélsmawam Figwred § antir7oThis Bvérgigbbd) speci fic
trail pher ogRRESaieiklisth g WS s MRS BPLESLLinldSn QI GRNS CONL I ni NG
matrix and, ‘nore inportantly, “the & posit I'n The tOX|caﬁ?-coﬁ%aln|ng mat ri x
of feeding- ffm%n_reaﬂ‘lﬁ@omrcmswmﬁm whieh i destangrhioysimyitendofss fit f or t he
particul ar #mpiFabanse B QAN aWhh GBodef db& Rfne, a molding, or the like. In one

embodiment, the housing can enclose a toxin-containing carrier; substantially as

described above, wherein the toxin-containing carrier can be packaged in various
shapes and sizes, for example, a rectangular box shape, to facilitate their use with the
above-ground system housing. The above-ground housing can be substantially oper.
at the side which faces or is mounted to the wall. The side of the housing facing
outward is closeably open, wherein a hinged lid or a separate lid can be placed over
the opening. The lid serves to prevent exposure to toxins by persons handling the
toxin-containing carrier. The lid can further comprise a locking means to prevent
inadvertent exposure by children or others. The cover can also serve to prevent
moisture loss from the toxin-containing carrier. Moisture loss can also be prevented
by the packaging of the toxin, wherein it is preferable to package the toxin bait in a
material which is edible by termites. Such edible materials can be cardboard,
paperboard, paper, and the like. A preferable material for packaging the toxin-
containing carrier is wax-paper due to its moisture-retaining characteristics.

After a housing is attached to a wall or other structural member, contact with
the termite galleries can be facilitated by drilling a hole through the structural
member into the gallery area. Initially, a cellulose monitoring article may be placed
In the housing. If termites are detected, the monitoring article can be replaced with
a toxin-containing carrier and collected termites used for recruitment. In case of
severe termite activity, a toxin carrier may be placed in the housing without the

placement of a monitoring article.
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el i m nated The invention also relates to materials used in
carrying out:the novel nethods. One critical elenent of the subject

i nvention i's the toxicant-containing matri x which can conprise a toxicant
and a binder such as Methocel[err], agar, other cellulosic materials, other
materials which are non-repellant to the target pest, or a conbination of
two or nore of these conponents. Preferably, the toxicant is slow acting.
If a cellulosic material is used, that material may consist of wood
particles. The matrix can further conprise conponents which stabilize or
regul ate the matrix environnment. For exanple, a humectant such as a

hygr oscopi ¢ conponent can be added to regulate the noisture content of the
matri x. Certain novel apparguses are also usedjpgseyding to the
subj ect invention. Specifically disclosed are apparatuses for nonitoring
and control | i ngaApQpLoaid Astsofis and58GIsScheRad dah G BIWidlelj RNaplet &3. For exanpl e,
one such apparatus for nonitoring the presence of ternites sinply conprises
a food sourt®E€y nonitoring device which cn be strategically placed at
sites surrounding a structure, or at an agricultural |ocation. These

pr oper ty odeitEa Tt HeE TG Do VB o R AR T or ed For evi dence of
the presence ofl.t Eropgduees. Felchenloniep pétimt Frsmesan sulpbrransareteatits, hi ¢ devi ces,
can be | NCOLRALALETnd the!dife AN RLI R0 AL, GE Tabifles N8 bctbdpéa RpmEOWNEr Or

pest contr operator i
- testing. Termite activity was measured 1-2 years before the introduction of

hexaflumuron treated bait. Monitoring stations contained pre-weighed wood blocks
surrounded by plastic containers buried beneath the soil surface. Wood weight Ioss
of a block was determined monthly or bi-monthly to represent activity of the
subterranean termite colony being tested. A multiple mark-recapture program was
conducted to estimate the foraging population size and foraging territory of each
tested colony. Termite activity was monitored throughout the toxin baiting program.
When possible, another mark-recapture program was conducted to estimate the post-
toxin baiting population of a toxin baited colony.

2. Toxin bait station. Pine or spruce sawdust was impregnated with an

Lee

acetone solution of hexaflumuron to yield concentrations of 500-5,000 ppm (dry wt
Al/dry wt sawdust) upon evaporation of acetone. The bait matrix was composed of
20% treated sawdust and 80% of agar or Methocel® solution (2%). A bait station
was composed of a plastic tubing (2.9 cm diam. LD. by 16.5 cm high, one end closed,
the other open) filled with approximately 80 g of bait matrix. This leaves
approximately 5 cm height of open space on the open end of the tubing. Six layers
of 9 holes (0.238 mm diameter) were pre-drilled in the side of the tubing.

3. Monitoring. Wooden stakes (3.4 cm by 3.4 cm by 30 cm) were driven 20-

25 cm into the ground surrounding monitoring stations. Once infested by termites,
the wooden stake was gently pulled out of the soil, leaving a hole of ca. 3.4 cm by 3.4
cm and 20-25 cm deep. A toxin bait station was inserted into the hole. Termites
were extracted from the infested stakes and placed into the open space (S cm high
by 2.9 cm diameter) on the open end of the toxin bait station. The extracted termites

were forced to tunnel through the matrix to return to the colony, and to recruit
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presence of termtes. \Were ground or soil surrounds a structure to be
moni tored ‘for termtes, the nonitoring device can be placed in the soi
near the structure or area to be nonitored. Were no soil is around a
structure or when foraging galleries are detected above ground, the

REPLACEMENT SHEET _ 7
noni toring device or toxicant-containing matrix can be placed above ground.

Advant ageously, the nonitoring device can be constructed so.that pests can
be renoved easily and w t hout substanti al

25 | . UF122.C1

nestmates into the bait station. To compare the efficacy of self-recruiting procedure
in enhancing the bait-intake, this self-recruiting procedure was omitted in some bait
stations. Bait stations were checked monthly and replaced with new stations. The
amount of bait matrix consumed by termites from each bait station was subjected to
the analysis of variance using a completely randomized design (P < 0.05) to
determine the significant difference in bait consumption between stations with the
self-recruiting procedure and those without.

Results:

Experiment 1. The foraging population of this R. flavipes colony was
estimated at 476,000 in Scp&mber. Infestations by this colony were found in the
door and door-frame of a nearby building. Wood weight loss from the three
monitoring stations was approximately 2 gfstation/day during the summer. The:
activity declined during the winter to approximately 0.5 g/station/day. Three bait
stations were introduced in February. By April, no termite activity was found in any
of the monitoring stations or bait stations. A total of 26 g of bait matrix was
consumed by this termite colony. The amount of active ingredient (AI) consumed
was 3.87 mg. Because of the absence of termite activity after April, it was concluded
that the entire colony of over 400,000 termites was eliminated by the consumption of
3.87 mg hexaflumuron within two months.

Experiment 2. The foraging population of this R. flavipes colony was
estimated at 730,000 in September. This colony was located in a non-residential area.
Termite infestations were found in trees and fallen logs of pine and oaks. From
September through the following spring, wood weight loss from the six moniton'hg
stations was approximately 2 gfstation/day. Eleven bait stations were introduced in
April. In June, termites maintained the activity level of 1.8 g/station/day. By July,
however, the activity was reduced to 0 g/station/day. During the three months (April-
June) baiting period, a total of 122 g bait matrix and 20 mg Al was consumed. No
termite éctivity was recorded in this location after July. We conclude the 730,000

termites were eliminated by consuming 20 mg of hexaflumuron.
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harmresulting to the pest, thereby allowing the pest to be used to recruit
other nestmates to the matrix Anot her apparatus useful according
to the subjlect invention conprises a housing which is specifically
designed to enclose either a nonitoring device or toxicant-containing
matrix. This housing is useful for protecting the nonitoring device and/or
toxi cant-containing matrix fromthe environnent. The nonitoring device or
matri x can be enclosed within the housing in such a nanner so they can be
renoved with mnimal disruption to the foraging termtes. This housing is
preferably made from a durabl e, non-bi odegradable material. The
present invention provides an environmentally safe termte control system
requiring no conplex machinery. Thg invention providesUﬁpgqﬁatuses and

met hods for the nonitoring of, and delivery of a toxicant to, a target

pest wherein the,abReLa! UnRsnPrlSidRds iy INMpEabBhYpersifédmeed by property
owners as wel |l as professional_ pest

Of | ) ;mnagement V\Dé{(ﬁ%j’ S.
Advant ageou@Pytory pdding @epragmateld L%} 1 af abliest prerte RFEESERTHi%e the risk of
exposur e t Oaraedl SHINE skaRb o the@idanios fimdnsentiveRa. Seikeadidel Nt ake by
termtes. The nethods of the subject Jinventian .can drastically reduce
pestici de Lfée@tq]??tstmﬁg%ﬁ?’bcg’ € 8hY Y WP&@W‘@@Y/@WC tP%?rgcqoﬂ\?gH}ci on can be an
i mport ant padltingfn 1886. IDwEigrihd od tdasitiddvbcragens e ffhghd papplatiometh. The fir st

phase of | PVaan, e, dSRLA0CH 5 HRf ik Wiat @ ¥Bdgfis 2Bkl Las No P ci de

need be used urit ferm te
approximately 1,782 m%. Mean wood weight loss from the 13 monitoring stations
ranged 2-4 gfstation/day. Following the introduction of 27 bait stations in August, the
activity was reduced to 0.1 g/station/day in September. Termites, however, remained
active in bait stations in October and November. By December, no termite activity
was detected from any of the monitoring or bait stations. During the four month
baiting period (August-December), a total of 69 bait stations were used, from which
2,997 g bait matrix and 1,539 mg Al was consumed by this R flavipes colony.
Residents of the building reported that this was the first time within the last five years
that they did not see the termites swarming. No soil termiticide treatment was done
the following year. In March of the following year, termites were collected in one of
the monitoring stations. Because no dyed termites were found from this collection,
we speculated that a nearby colony might have migrated into the territory of the
baited édlony. A mark-recapture program conducted in March-April estimated
260,000 foraging termites in this new colony. Assuming this is the remaining of the
baited colony, the baiting program conducted in August-December had eliminated
over 2.5 million termites. .

Experiment 4. Foraging activity of this C. formosanus colony has been
monitored in an 11-story high rise. Numerous soil termiticide treatments were done
to prevent structural infestation by this C. formosanus colony. Foraging population
was estimated at 1,047,000 in September. The foraging territory extended to 1,614
m®. Mean wood weight Joss was 2-4 g/station/day. Foraging activity typically declined
in winter but often peaked during summer months (5-10 g/station/day). Five bait

stations were introduced in April. The foraging activity was reduced to less than 2
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activity is detected. Wien activity is detected, the second phase of the
| PM can be ‘eapl oyed wherein only a small quantity of pesticide is used to
control the'entire colony popul ation. Once control is achieved, the

nonitoring step can be repeated, as can the control

step, I

f necessary,

thus providing indefinite protection to the structure or agricultural site.

As descri bed nore fully herein,

i nventi on.
particul ar target pest and environnent al
person skilled in this art using the teachings provided herein.

descriptions and teachi ngs which fobyow primarily focusygiitdie control

termtes.

of the Invepébhﬁfy)vme{aﬁafm BaibliNBhEwed @sta @{Mm&fa{ 89 o loPod wgé}, ghouse a

noni tori ng glew Ccé and then a toxicant

| a

there are a variety of nethods and
apparatuses which can be utilized to practice the nethod of the subject

The preci se nmethods and apparat uses whi ch woul d be optim
setting woul d be apparent to a

for a

The
of

Speci fic nethods and apparatuses for the control of termtes are
provi ded, bgftaicafday endresainéd sthissemativhiods umih DcapparBytNwesbad t hei r
app! i cabi | [y 40 vé&géﬁﬁma’w%ﬁe hlgﬁ%rl}xﬁgt%éngsbﬁlt\ps'ﬁlrhq R&lCA% Y wiecogni zed and

used by a person
Descri pt i onots¢rvedia amdevabditgations until FebRiagu ridaging ghelwhiting IpcrgtaratApribne embodi nent

I very tube.
233 mg Al were consumcd by this C. formosanus colony. We concluded the colony

of 1.0 million termites was eliminated after consuming 233 mg of hexaflumuron over

a 10-month period.

Experiment 5. Despite repeated soil termiticide treatments and a fumigation ..

following the discovery of structural infestations by this C. formosanus colony in a
high rise, foraging activity remained strong (mean wood weight loss: 6-10
g/station/day). Activity of this colony did not decline even in winter months.
Foraging population was estimated at 2,431,000 in March. Over 90% of the bait
matrix of the eight bait stations introduced in May was consumed within a month.
Foraging activity in May-July was slightly reduced (5 g/station/day). Subsequently, the
mean wood weight loss was further reduced to near zero in July-October. Since
November, no termite activity has been recorded in any of the stations. During the

6-month baiting period (May-November), a total of 89 bait stations were used. We

- concluded that the colony of 2.4 million termites was eliminated by the consumption

of 742 mg hexaflumuron.

Experiment 6. Infestations by this C. formosanus colony were found in the
utility room of a high rise. Foraging activity was detected along the front yard of this
building. The foraging territory extended up to 185 m from one end to the other.
This C. formosanus colony consumed wood at a rate of approximately 5-10
gfstation/day from the 10 monitoring stations. The foraging population was estimated
at 1,225,000 in April. Following the introduction of bait stations in July, foraging
activities steadily declined to near zero in October. No further bait stations have
been introduced since December. Since October, slight termite activity (<1
g/station/day) has remained in one monitoring station. Using termites collected from
this monitoring station, we conducted a mark-recapture program in March and

estimated 104,000 termites in the remaining colony. A total of 42 bait stations were
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shows pl acenent of the nonitoring device into a station pre-positioned in
the soj l andi pl acenment of a cover over the station; Figure Ib shows termte

foraglng tunnel s which lead to the station and
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used during the 5-month baiting period (July-December), from which 1,182 g of bait
matrix and 259 g Al were consumed. We concluded the 239 mg of hexaflumuron
reduced the population size of this colony from 1.2 million termites in April to

104,000 the following March.

Example 5 — Effects of the Self-Recruiting Procedure on Toxin Bait Consumption
Significantly more (P < 0.05) more bait matrix was consumed from bait

stations that received termites collected from the monitoring stakes (referred to as
“self-recruited” bait stations) than stations that were simply placed-in the holes from
which infested stakes were pulled (“not self-recruited” bait stations). The mean
weight of bait matrix consumed by C. fonno.fanus from self-recruited stations was 35.8
g/station while those of not self-recruited stations was 6.5 g/station. With R flavipes,
the mean weight of consumed bait-matrix was 39.2 and 17.2 gfstation for self-
recrujted stations and not self-recruited stations, respectively.

‘When more than 1% of the bait-matrix was consumed from a bait station, the
station was considered attacked by termites. Using this criteria, 83% of self-recruited
bait statjons were attached by C. formosanus, while only 59.3% of not self-recruited
stations were attacked. With R. flavipes, the attack rate for self-recruited stations was

94.7%, while 75% of the not self-recruited stations were attacked.

Example 6
Dyes may be incorporated into the matrix to assist the applicator in identifying
termite colonies and foraging range of termites feeding on a monitoring article or

toxin bait.

Example 7
The procedures, materials, and apparatuses of the subject invention can be

readily adapted for use for the control of termites attacking croplands, forests, golf

courses, and other non-structural targets. The same general materials and methods
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the nmonitoring device; Figure 1c shows renoval of the nonitoring device and
replacement: with a toxicant delivery tube within the sane station; and
Figure 1d shows that the ternmites captured in the nonitoring devi ce are

pl aced into the recruiters' chanber of the toxicant delivery tube to

recruit other termtes to the toxicant. Fi gure 2a shows a top view
of a nonitoring device and a station housing. Figure 2b shows a
si'de view of a nonitoring device and a station housing Figure 3
shows a bait tube with recruiters' chanber. Fi gue 4 shows a
contiguous station housing containing novitoring blocks placed in soi

adj acent to a structure foundation. Athin strip of nmetal foil is enbedded

in the nmonitoring block. Wen the gpnitoring bl ocks argrperiected together
to surround the structure, a contiguous circuit is fornmed. Severe
i nf est at i onmipybetueilizet it mindr inbdifidatans, readiyngpphleoctls thogssdkilled inithe ye  br eaki ng of
the circuit %%@ paq be. easily detected by an electronlc devi ce.

. V tmal results,

Fi gures b5a- oW one éxanple of an termte
nDunitoring/capturlng/tOX|cant del i very

Examuple 8 — Horizontal Bait Stations for Population Suppression of Subterranean

Termites

Placement of vertical type stations is difficult in some locations with rocky soil.
Moreover, some termite species tend to forage near the soil surface, making it
unnecessary to place a bait station as deep as that of the vertical type. Therefore,
one embodiment of the subject invention involves the use a horizontal bait station
that can be placed near soil surface.

Monitoring station. The monitoring device housing can be comprised of a

container with a cut-out bottom. As an example, this container may be about 21.5
x 16 x 5.5 cm. Numerous holes can be drilled through the four vertical walls of the
container. These holes can be, for example, about 3 mm in diameter inside and
about 0.6 mm in diameter outside. This hole arrangement prevents soil invasion into
the housing. Inner and outer walls can be sanded to provide a surface suitable for
termites to walk on. A monitoring device can be made, for example, of three
sections of three wooden pieces bound together with a support strip attached to a
handle. The monitoring device can be placed inside the container and can be
removed using an attached handle with minimum disturbance to termites (Figure 8).

Toxin delivery. A container that fits within the monitoring device housing can

be used as a toxin delivery unit. This container may be, for example, about 19.3 x
13.5x 4.5 cm. Except for a removable cover, numerous holes through all sides of the
container can be provided for termite entry. These holes may be, for example about
0.24 cm in diameter. Holes can extend inside the toxin delivery unit with inner tubes
bent at about 90° to prevent tampering with the toxin-containing carrier. The inner
and outer walls of the toxin delivery unit can be sanded. The toxin delivery unit can
be filled with the toxin-containing carrier up to, for example, about 1 cm from the top

of the container and covered with a lid.
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station. Figures 5a and 5b show a section cut out for placenent against a
wal | havi:ng @ nol ding. Figure 5¢c shows an expl oded view of the box,
toxicant matrix; and |id as appropriately nounted agai nst a wall.

Fi gure 6a shows one exanple of a horizontal nonitoring device and station.
Fi gure 6b shows an exanple of the nonitoring device of a horizontal
nonitoring station being replaced by a toxicant delivery unit.

Figures 7a-7d show on exanple of the use of a horizontal nonitoring device
and toxicant delivery system .. Detailed

Di scl osure of the Invention ' The subject invention pertains to
novel nethods and apparatuses for controlling popul ati ons of pests. The
present invention is based on the cgncept of providing'wpﬁmtnable t oxi cant
inamtrix which is non-repellant to the species of pest to be controlled.

In a preferred Cpdainhe pradduret Aenanitoningtiedee hbusirglventaigipgpeidse pieces
sel T - rect uid Lnga BBl DAdnokolti IERGAMM bR e Sif(ridhed BE shpxi cant .

described in erern e se recrult %Aasp e subject
i nventi on This thin layer of soil can be, for example, about 1 cm. Monitoring devices are

checked for termite activity. Monitoring devices infested with termites are gently
lifted and replaced by the toxin delivery unit containing the toxin-containing carrier
(Figures 9c and 10). Termites extracted from the boards are gently tapped into the
upper 1 cm deep chamber of the toxin delivery unit (Figure 9d), leaving the colony
recognition semiochemicals in the toxin-containing carrier to “self-recruit” nestmates

into the toxin delivery unit.

It should be understood that the examples and embodiments described herein
are for illustrative purposes only and that various modifications or changes in light
thereof will be suggested to persons skilled in the art and are to be included within

the spirit and purview of this application and the scope of the appended claims.
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s a very unique and effective nmeans of naking a toxicant-containing matrix
much npre-attractive to the pests froma specific colony which is to be
elimnated. Thus, a very inportant aspect of the invention is a neans for
maki ng a toxicant nore attractive to pests, particularly pests froma
specific nest or col ony. The described nmethod is nost readily
applicable to insects which live in colonies and whi ch comruni cate by
chem cal signals such as, for exanple, pheronones. Pheronones are
natural ly produced chenotactic conpounds that termtes and other insects
are known to use as communi cation signals. The described nethod can be
used, for exanple, to capture and control insects of the order |soptera,
and is particularly useful for contsiolling popul ati ons GF12ulit er r anean

Claims

1. A method for the control of a population of isopteran insects, said method
comprising:

(a) monitoring of a site for isopteran activity; and

(b) controlling the population of said isopterans through the use of a toxin

bait.

2. The method, according to claim 1, wherein said monitoring comprises
periodic observation of a cellulose monitoring article for evidence of isopteran

activity.

3. The method, according to claim 1, wherein said toxin bait comprises

cellulose and a toxin.

4. The method, according to claim 1, wherein said toxin bait comprises a

solution of Methocel®.

5. The method, according to claim 1, wherein said toxin bait comprises a toxin
selected from the group consisting of encapsulated toxins, slow-acting chemical toxins,

and biological control agents.

6. The method, according to claim 1, wherein an outer housing is utilized in
step (a) to enclose a cellulose article which is monitored for isopteran activity; said

housing also being utilized in step (b) to enclose said toxin bait.

7. A method for controlling a population of isopteran insects living in a nest
or colony, said method comprising:

(a)  capturing an isopteran alive; and

[ ] 1T
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termtes.

speci es.

hesper us,

termte species of the fan1I|es
(Mast ot er nes speci es), deoterm
speci es),

It would be readily apparent to persons of ordinary skil
art that .t'he” net hod and apparatuses are adaptable to a variety of pest
Exanpl es of termte-speecies-which.can _be controlled by use of the

di scl osed net hod incl ude Coptoﬁﬂ g%ﬂjL Ennia us Rericuliternes flavipes,

R virginicus, R ribi iy ermes aureus,

Rhi noterm ti dae (Cbptoternes Het er ot er nes,

33 | UF122.C1

access to said cellulose article or-toxin bait of environmental factors as well as

humans or animals.

15. The housing, according to claim 14, wherein said housing is adapted for
use in the soil, said housing being formed from a rigid polymer which encloses said
cellulose article or said toxin bait, said housing further comprising a plurality of entry
points of sufficient diameter to facilitate entry of said isopteran to gain access to said

cellulose article or toxin bait.

16. The housing, according to claim 15, wherein said entry points have a
diameter greater than the average width of the head of an isopteran of the species
desired to be captured but less than the width of the head and two antennae of said

isopteran.

17. The housing, according to claim 14, wherein said housing is adapted for

use above ground, wherein said housing can be attached to a structure or a tree.

18. The housing, according to claim 14, wherein said housing comprises a

horizontal cover.

19. A kit comprising a housing for enclosing a cellulose article for monitoring
isopteran activity or a toxin bait for delivery of toxin to an isopteran; said kit further

comprising one or more of the group consisting of
(a)  a cellulose article for monitoring isopteran activity; and

(b)  a toxin bait.

as wel |

ra) Nhstoternltldae
hot er nes, Zoot er nopsi s
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Reticuliternes, Psamoternes, Prorhinoternmes, Schedorhinoternes species),
Kal ot er ni-t |*dae (G yptotermes, Neoterms, Cryptotermes, Incisiternmes,

Kal ot ernmes, Marginiterns species), Serritermtidae, and Ternitidae
(Pericapriternms, Allodonterns, Mcroternmes, QOdontoternes, Nasutiternes,
Termes, Amterns, G obiternes, Mcroceroterns species), Ternopsidae

(Hodot er nopsi s, Zooternopsis species), and other pest species of termtes.
For purposes of brevity, the enphasis herein is directed to subterranean
termtes. A preferred enbodi nent of the invention features two
repeat abl e steps: (1) popul ation nonitoring/capturing (hereinafter referred
to.as nonitoring), and (2) delivery of a toxicant to a pest through the use
of a toxicant-containing matrix. THe nonitoring step dfFRR€lprocess
conprises nonitoring a particular |location to detect any termte activity.
This step may further conpridsuehgtthe Disglosugs it es. The toxicant delivery

step invol ves privighiedd uﬂreﬁdoﬁ @Mtk NG Enqe@hslarandl MedofBlutdrd Wi ch is eaten
or otherw se contacted by th ermtes. The ﬁ’d"&w a,.ct% t oxi cant al | ows

ternites td"%“é%eﬁﬁ“ﬂwtf&e“éﬁd’e%\;@“f“l’h%‘%ﬁ PREHl iPYFY before dying.
Nest mat es tofi@niafifdetiedtd dne, paridilhrlypistet. OTHe RveitidX comerhs urued@s&cr i bed nore

fully herelnt the two ripcﬁiﬁ&al tste s of .the s %ﬁé t |dnvent10n can be
repeated as %%Wg?)afm?is%é‘? SAPRAGRNE (Y TP BYFEREHAST S HPRE P8 gr am i nvol ves
the initi altoxitt bgit. ofhednverttion iingsefubas pars of ac tintegrated fRolt| Maegetigntcont rol i f
pest acti V'%Aﬁ aQJ’ée“’g& r%‘u% 12O SRk ridnSor3G Y BmidRh& AL NG can be
conti nued step 41'S0" be

environment.
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\ )
pgyfgrned si mul taneously. Also, an initial nonitoring step may not be
neécessary if-termte activity has already been detected. In a preferred
enbodi nent, a single station housing, as described herein, is used for both
nmoni toring and control. This station hpfging i's a uni que contai nnent device
whi ch is made of a durable, non-bi odegfadabl e material which permts
| ong-term nonitoring and repeated cycles of nmonitoring and control
Each of the two above-referenced steps is described in nore detail below -

Al so di scussed below in greater detail is the self-recruitnment aspect of
the toxicant delivery.step, Al so discussed in greater detail below are
specific apparatuseszﬂgg?uﬁ ‘according to the subject invention. A

Monitoring, The primgryobjective of the-momtoring step 75 to detegt the
presence of subterramean termtes and not to attract termtes from ¢t her
locations. If termtg¢s are present|, this step,proy deg an opportunity to
collect them If termtes are collébtedwn hese tgfjim tgs can then be|used
for recruiting other|nestmates toja toxicagt accofdi ) to the toxicant :
delivery step of the|invention. Thereforel itlis efgrred that tertes be
collected in a mannef -whi ch does not advé‘??ﬁp af y'ect the termte's
viabiity. The terns [w thout affeq and{"remain

o 8 O OORAeES e

/ Stoke
caver \ / Termltes
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10 vi abl e" nean that the captured termte is relatively iunharnmed and

that it i*s able to forage and, preferably, has sufficient nobility to
return to the nest. Certain devices can be used to nonitor for
termte activity. These devices are des%sé? in greater detail below The
nonitoring devices can be placed in, above the ground. These

devi ces may be placed individually or interconnected to surround structures
to be nonitored. The materials used for the nonitoring device should not
repel or deter termtes. Preferably, these materials should have
sufficient structuggl intggrity to exist in variable environnents (high
humdity, aridity)f8HI& geriod sufficient for termites to |ocate and
access the nmonitoring devices The monitoring device should be able to
wi thstand foraging activity by a |l arge nunber of termtes so the devifce is
not totally consuned within a reasonable time interval between inspecti on
In a preferred enjodi nent of the nonitoring step, an article can be bagth
used to detect arld capture the targpépt@ﬁﬁptes. The article is, thus, the .
"nonitoring devicg," or "nonitoring

b
EY T T oY,

Bottom view

This Sheet Has Been Repl

I ml !Il i [ e




~

artlcle " The device enployed in this nonitoring step preferably allows the
capture of terfites with a mninmmanmount of harmto the ternmtes. The
device can be of any material which is susceptible to termte infestation.
Preferably, the material conprises cellul ose. One preferred

enbodi ment of the nonitoring step utilizes an outer housing which is
separate from but surrounds the nonitoring device. The outer housing is
also referred to herein as the statign P using. In a preferred

enbodi nent, the station housing can h plurality of entry points which
allow termtes access to the nonitoring device. These entry points nust be
| arge enough to allow entry of the target pest and can be nmuch |arger. The
station housing can further conprise a reinforced tip at one end to
facilitate placenent into the ground. The station housing may further
conprise, at the end opposite the reinforced tip, a cover. The cover is
descri bed nore fully below. The station housing for horizontal placenent in
the soil or above ground placenemntzzi & al so desri bed bel ow. When a
station housing is used, the same station housing can be used for both the
nonitoring{Step and TNE tOXi cant delivery Sstep. For exanpte,oncyg termtes
are observéd in the nonitoring step, the nonitoring device (w thqdut

t oxi cant) €an be renoved fromthe stag+on

2 <\ Bait
housma

N

Thin 'strip of metal foil
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housi ng and replaced with a toxicant-containing matri x. One advantage to
the use of the station housing is that the ternite foraging tunnels will
not be greatly disrupted by renoval of the nonitoring device if the station
housing remains in place. Thus, when the nonitoring device is replaced with
a toxicant-containing matrix, foraging can commence readily w thout
extensive restructuring of the foraging tunnels of the termtes.
Furthernore, once control of the termte popul ati on has been achi eved using
t he toxi cant-containing matrix, the toqg‘ Pﬂt containing matri x can be
readily replaced with a nonitoring devi to resune nonitoring of the

| ocati on. Throughout the process, the station housing can remain in place. -
Thus, the station housing is preferably made from a durabl e,

non- bi odegradabl e materi al and becones a critical conmponent of the pest

managenent program FIGURE 3
Bait housing
a comannlng
. /Danrrarm

Ini asLed
monitoring
block
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The nmonitoring device or, preferably, the station housing containing the
nonitoring device, can be placed in the ground or other appropriate

| ocation for a time sufficient to allow termte infestation. The

nmoni toring device can be placed in the ground directly by being driven

into the soil or placed into a pre-existing hoJe or |ocation of sufficient
di nension to allow the 5//

FIGURE 6
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device to remain in position. Alternatively, the nonitoring device can be
pfaced inside‘the station housing which is placed on or in the ground. The
nonitoring device and/or station housing may |ie flat on the ground or be
pl aced upright in a hole. : I n one enbodi nent of the nonitoring
step, the nonitoring device is nodified chemcally and/or physically to

I ncrease the possibility that the target pest will enter and nove within
the device. A variety of chenical neans, such as food, noisture, dry rot
fungus, and pheronones or their mmcs ( gl ycol compounds), and

physi cal characteristics, such as shape wﬁg and texture, can be used to
achi eve this objective. One exanple of a zélcal nodi fi cati on woul d be a
cover placed over the station housing or over the nonitoring device if the
nonitoring device is used in the ground mnthout t he station housing.
Once i nf est ed; - ori-Ag-d nmoved from
the soil or fronlthe statlon housi ng. As stated above it is advantageous
to utilize a ptation “ar: s@gEng [t unnel s.
Upon renobval pf the trix can
then be placeﬂ in ty buslly occupi ed
by the nonitogring the
presence of tlerm yes|
preferred enmbodi Hent

uat:u untl |
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nmoni toring step are used to recruit nmore ternmites to the toxicant. This is
termed "self--recruitnment” Therefore, the nonitoring device can be
specifically designed to facilitate capture of termtes. Such a device, as
descri bed bel ow, may have interfacing sides. After renoval fromthe ground
or the station housing, the interfacing sides of the nonitoring device are
separated and termtes extracted fromthem The di nensions and shape of the
nonitoring device are designed so that termtes foraging in the device can
be extracted with m nimum harm "M ni num harni; means that the termtes

whi ch are captured renmain viable and are ca zﬂ of foraging and produci ng
pheonone and, preferably, are able to return a0 the nest for recruiting
nestmates. The extracted termtes are then used to recruit other termtes
fromthe colony to, and through, a toxigant-containing matrix. Termtes
foraging in the nonitoring device can ﬁangEnSferred to a toxicant delivery
device by gently renoving or tapping themfromthe nonitoring device into
the toxicant delivery device. The toxicant-delivery device is also referred
to herein as a "bait tube.” The toxicant delivery device can conprise a
chanber above the toxicant-containing matrix into which the termtes are

pl aced. This chamber is referred to herein as a recruiters' chanmber. To
exit the bait rube and station housing, the termtes nust then tunnel

t hrough the tOX|cant-rﬁont8|Hng matri x.

device

Monitoring
station
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12 B. Toxicant delivery. The objective of the toxicant delivery
step is to induce as many pests as possible froma colony to contact or eat
a toxicant. The details of the toxicant delivery step are herein described
as pertaining to termtes, particularly. However, as stated above, the

met hod can also apply to other insects, especially those social insects
which [ive in colonies or -nests and whi ch communi cate by chem cal signals,

i .e., pheronones.
I
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The essential elenents of a toxicant delivery systemconprise the
presentation of an active ingredient (Al) and a suitable carrier (matrix)
in a manner that induces the target pest to ingest or contact the AL The

t oxi cant-containing matrix should be delivered in, on, or above the ground
in a manner which mnimzes exposure of the environnent, applicator, and

ot her non-target organisns to the toxicant. For exanple, a suitable matrix
can be a coatable, suspendable, inpregnable natural or artificial food
source. The natrix does not need to attract pests, but should not repel
them The presentation of the matrix (in a s;a@? ﬂ,housing, etc) may induce
pests to contact the toxicant. The suitable I further can be capable .
of being forned into a desired shape for placing or packing into a station ~
housi ng. In a preferred enbodjnent for a non-rigid matrix, the

toxi cant-containi g natrix s praced W thima casing. _This casjng is
different fromtheg stati dMOmEUEIGhg and, in fact, facilitates e sy pl acenent
of the toxicant-ccntainiﬁ@ﬂhﬁlﬁdkgTﬂio t he station housing. Alfthough the

t oxi cant- contai ni{ffgximat ri x and surdewRe+Ag—asi ng are preferaply pl aced
into a station hoysgielgsryt he casing can, alternatively Moeitoninte| of sturdy
material for placqdpppt dindectly into the soil. The cdsievicg s necessary
because, in a prefierred § ' %, the toXicaptsc ai-pi ng rix has a
very hi gh noistur¢ contewE==s - sqnewhat aaRind Bl therdf ore needs a
casing to hold it$ shape. The casing ™l so fiel ps to prevent des|i ccation, and
it mnimzes contact M&ﬁﬁo&ﬂf t oxi c&nt\ by t He handl er
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and facilitates easy renoval of the toxicant-containing matrix when the

t oxi cant "del'ivery step is conpleted. Furthernore, as described nore fully
bel ow, the casing can be designed to include or forma recruiters' chanber.
The casing nust permit entry by the target pest; therefore, the casing nust
ei ther conprise appropriate openings or be of a material through which the
pests chew or otherw se create an opening. For exanple, thin polyneric
materials may be used to encl ose the toxicant-containing matrix. The

toxi cant-containing matrix can be enclosed witlin the casing sonewhat |ike
a sausage within its casing. The use of a[xﬁyy ric material is

particul arly advantageous if that nmaterial is/of a nature such that it
prevents or del ays desiccation of the matrix OQther nmaterials which can be
used to encase the toxicant-containing matrsx include, but are not limted
to, cardboard and other cellul ose materiglsg even paper and wax. This

met hod for packagi ng the toxigant-contai En® patrix has the advant age of
creating a "dose-pack" whi ch/piecisely provodes the appropriate anmount of
toxi cant in a manner which g contad® W th humans or the environnent
Suitable matrices can-be f | ul g'se-contai ning nmaterials including,
but not limted to, wood pa mybd flour, recycled paper or

cellul ose ethers such as e
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1

DESCRIPTION

NOVEL METHODS AND MATERIALS FOR PEST MANAGEMENT

Cross-Reference 10 2 Related Application
This is a continnation-in-part of co-pending application Serial No. 07575317, filed
November 12, 1992, which is a continuation-in-part of co-pending application Serial No.
07/891,896, filed June 1, 1992,

Background of the Invention

Subterranean termites most often enter strucrures from the surroupding soil 10 feed on
wood, or other cellulosic material, of the structure and its contents. If unchecked, termites can
canse considerable damage. As a result, efforis to erect physical or chemical barriers to prevent
the entrance of termites into a structure or 1o exterminate the termites after they have invaded
a structure have proven a considerable expense to the public (Su, N.Y., JH. Scheffrahn [1950]
Sociobiol 17(1):77-94). The cost to contro} termites in the United States excecds one billion
dollars annually (Mauldin, JX., S.C. Jones, R.H. Beal {1987] The International Research Group
on Wood Preservation Docunient No. IRG/WP/1323),

Subterranean termites construct an extensive foraging gallery beneath the soil surface.
A sinple colony may contain several million termites with foraging ierritory extending up to 300
feet (Su, N.Y., RH. Scheffrann (1988] Socichiol 14(2):353-359). Since subterrapear termites are
a CTyptic creaturce, thefr presence is not normally known uniil after some damage, foraging tubes,
or live termites such as swarmers, are found. Some subterranean termites are known to forage
beneath an object on the soil surface (Ettershank, G., JA. Ettershank, W.G. Whitford [1980)
Environ. Entomol. 9:645-648).

Cuarrently, there are two basic approaches for the control of subterranean termites:
preventive control and remedizal control In some of the United States, i1 is mahdamxy that the
soil underlying the foundation of newly constructed buildings be pre-treated with a pesticide (also
referred to herein as termiticide) to prevent termite infestation. Pesticide is typically sprayed over
and into the soil prior 10 construction. This pre-construction treatment produces s herizontal
barrier beneath the building. Because of the Jack of communication between pesticide applicator
and construction workers, the barrier often loses its continuity during the construction. Moreover,
the currently available sofl termiticides tend to Jose their biological activity after five or more
years to the extent that the treated soil is no longer effective against termite invasion. Established

lermite colonies in the soil may then invade the structure if additional chemical is not applied
beneath and around the structure.



o i el < -

13 hydr oxypr opyl net hyl cel | ul ose, and hydr oxybutyl net hyl cel | ul ose,
comercially avail abl e under the tradenane of Methocel[err](trademark of

t he Dow Chem cal Conpany). A preferred cellulose containing matrix is
sawdust ;or wood flour which is not repellent to target ternmte species. For

use with termtes and other pest species which are @t qr [reliant
on, sthe presence of.-—sufficient noisture, the matr %Etﬂiﬁ@%ﬁ“irﬂ\gﬁgﬁormri se a
hunmectant for mai najni n% noi sf HIE ¥ : %EINA apprppri ate hunectlant can
have hy (s ShesiHas Beeh AP o stli ofh EEEE P hg step @ntiNOEX19@&nt

del i very “.u t he b except that|no toxicant ijs

| mpr egnat trix wused for the nonitorihg step. The
preferred active ingredient should be slowacting, itlethal at concentlirations

whi ch do not repel target insects, and capabl e of being conbined with the
matri x as described above. It is intended that pests directly contacting
or ingesting the toxicant will not be killed imediately but wll travel

to and/or through their colony to recruit other nestnates to the toxicant,

thereby resulting in tNaenihoryedr oty briding 8 infsyeh ey subtesTaneap [ogpiiFs, SO EFesuadT 9o
term "del ayed | et-haleaeh &iifikiwous taftiet beReai ESRNYingP @ isdil el iuttartamEantiéatesdaat h

does not occur | mrgg&%&ei&olg d{% &Jﬁh&g aASch% 0 &1&&% of creating this barrier is to introduce
termiticide around & building foundation by injection into soil underlying concrete foundadons,
drenching the soil surrounding the building perimeter, or a combination of both. This type of
post-construction ireatment is labor-intensive and may not adequately produce a continuons
barrier (Frishman, A.M., BL. Bret [1951] Pest Control 59(8):48, 52, 54, 56; Frishman, A M, A.
St. Cyr [1988) Pest Control Technology 16(4):33, 34, 36).

Other remedial trestments include spot treatments such as dusting or injecting
termiticides within the walls of the building. Robert Verkerk has described arsenic tricxide dust
treatment using termitc lures (Verkerk, R. [1990] Building Oug Termites, Pluto Press Australia
Limited, P.O. Box 199, Leichhardt, NSW 2040). Verkerk describes the use of stakes or blocks of
termite susceptible timber to lure termites after the stakes or biocks have been placed near a
known termite problem.  Once termite activity is observexl, arsenic trioxide is injected.
Alternstively, a portion of the termites may be dusted with arsenic trioxide.

Most spot treatments are done 10 Stop existing termite infestations at a particular arca
in a structure but generally affect only a small portion of the subterrspean termite population, i.e.,
those termites which come into direct comact with the pesticides. Becanse of the extensive
foraging populations and expazsive territory of subterrancan termite colonies, the vast majority
of the termite population is not affected by such spot treatments. '

United States Patent No. 3,940,875 desribes a method, however impractical, for
dispensing termite poizon in the soil in an attempt to extend the life of the barrier type treatment
such that the presence of termites is signalled by the release of an oduryhen the termites feed

_ on the poison. The ‘875 patent also describes a termite-edible container which gives off an odor
when eaten by a termite. In addition to the *875 patent and the Verkerk article referenced above,
other publications describe the use of termite-edible ‘materials as components of schemes to
contro] termites. For example, Japanese patent application Nos. 61-198392 and 63-151083
describe wooden vessels specifically designed to “attract™ termites as part of a monitoring
procedure. The 61-198382 application describes 2 vessel, preferably made from pine or cedar,
used in an attempt 10 attract termites. The 63-151033 application also uses a wood attractant to
entice termites. In the 63-151033 application, the termites are further exposed to a toxicant which
is then praﬁmably carricd back to the nest in hopes of killing the queen via trophallaxis or food
exchange. Neither Japanese application provides any data establishing that the dwcribcﬁ process
actually has any impact on termite populations. Furthermore, there is no indication that it is
possible 10 “attract” termites at all. These methods have further important disadvantages. For
example, the wooden inducing body will be subjected to fungal decay before termite attack,
especially in moistened soil. Thus, frequent replacemeat of the inducing body is needed during
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have also been proposed for termite control It bhas been suggested that these liquid termiticides
may be dispensed into the seil surrounding and below the building through these pipes to provide
a continnous barrier 1o the incursion of termites. This method requires a large quantity of
termiticides in order to saturate the soil surrounding the building,
U.S. Patent No. 5,027,546 describes a system intended for use on above ground termites,
i.e., drywood termites, which coatrols termites by freezing with Hquid nitrogen. Although the
liquid nitrogen is essentially non-toxic in that no toxic residues persist, it is hazardous to use and
the method is 2 spot treatment and will not affect the majority of termites. U.S. Patent No.
4,043,073 describes a method which artempts to circumvent the problem of repeated application
of pesticide. The descxibed method fanctions by “encapsulating” the insecticide, thus making it
more persistent. The gvert use of pesticides and their persistence in the environment are not
remedied by this system. Another proposed system which fails to alleviate the problem of
transferring insecticide directly into the soil is U.S, Patent No. 3,624,953. This method employs
a reservoir of insecticide wherein the vapors of the insecticide are permitted to permeare the soil
surrounding the reservoir. Thus, exposure of the environment with toxic substances is not avoided
by vsing this method. ' '
Toxicants which have less environmental effect and which show activity against termites
are known (Su, N.Y,, M. Tamashiro, M. Haverty [1987) J. Econ. Entomol. 80:1-4; Su, N.Y., RH.
Scheffrahn [1988] Florida Entomologist 71(1):73-78; Su, N.Y., RH. Scheffrahn {1989] . Econ.
Entomol 82(4):1125-1129; Su, N.Y., RIL Scheffrahn [1990] Sociobiol 17(2):313-328; Su, N.Y.
[1991) Sociobiol 19(1):211-220; Su, N.Y., R H. Scheffrahn [1991]J. Econ. Entomol. 84(1):170-175;
Jones, S. [1984] L Econ Entomol 77:1086-1081; Paton, R., LR Miller [1980] “Contro} of
Mastotermes darwiniensis Froggau (Isoptera: Mastotermitidae) with Mirex Baits,” Australian
Forest Research 10:249-258; McHeniy, W.E., U.S. Patent No. 4,626,528; Hearick, CA_, U.S. Patent
No. 5,151,443). However, none of these toxicants have previously been used in conjunction with
a method which efficiently and efficaciously delivers the toxicant to a target pest
Avstralian Patent No. 1,597,293 (the "293 patent) and a corresponding Great Britain
Patent, No. 1,561,901, describe 2 method which fnvolves mixing insecticide with a food matrix
comprising cellulose and a binding agent. The method described in the 293 patent relies on the
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termite ingesting the insecticide along with the matrix, then returning to the colomy to introduce
the insecticide to other termites through the natural process of trophallaxis (food exchange
_ berween termites). However, the "293 paient describes usages only when texmites are known to
be present and, furthermore, the described method fails 10 ensure that the termites will initially
find the matrix and relies on those termites finding the matrix o transfer sufficient amounts of
the jnsecticide to the colony solely by trophallaxis, Like the Japanese patent application No. 63-
151033, the method of the "293 patent requifes that the matrix is more attractive 1o the termites
than swrrounding materials. The method described in the "293 patent relies on the moisture in
the matrix (supposedly retained by the dinding agent, agar) to attract termites. The described
method, therefore, is primarily for termite species that are attracted 10 moisture (or those under
“water stress”). Moreover, the *293 method fails to assure that the moisture will remain in the
baits when applicd in the feld awniting termite arrival. This is an unrealistic requirement for 2
practical application, because even a moistened sawdust-agar matrix will desiccate within a few
days when placed in a dry soil

It should be noted that attractants other than water for termites have been investigated.
For example, the cxtract from brown-rot fungi chemicaily resembles the wail-following
pheromones of termites. Natural pheromones, howei'er, are species- and even colony-specific.
A pheromone that is “attractive” 10 obe species or colony af termites may repel termites of other
species or colonies. It is of uncertain value, therefore, 10 incorporate pheromene mimics (such
as the brown-rot fungi extract) in a bait, especially if a bait is mbeusedamtavnde range of
termite species.

It should akso be noted that trophallaxis is an uncertain means of delivering the insecticide
10 the colony because it assumes that digestive enzymes and other metabolic processes do not
affect the active ingredient. However, once the insecticide i8 ingested by the termite, the
insecticide may be remdered inactive by the digestive process of the termites. Moreover,
suppression of a temmite population requires that a substantial number of termites in the colony
are disabled befors their damage potential is diminished. Relying only on trophallaxis to transfer
the toxicant does not ensure that adequate numbers of termites will be controlled.

Modifications to the method described in the *293 patent may not increase the bait intake
of termites. For example, the '293 method requires that the matrix mixtuze be applied at a known
infestation site such as a termite mound or tree trunk. This method, therefore, can be used only
as a remedial treatment. The '293 method cannot be used vnless activity of termites is detected.
The "293 patent also proposes that & large quantity of toxicant bait be placed at random Jocations
as a preventative measure. However, without providing a procedure for detecting termites, the
majority of this bait may desiccate or degrade due 10 fungal growth and become unpalatable to
termites. Moreover, an unnecessarily large quantity of toxicant is applied in the environment.
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It is therefore highly desirable to more effectively control termites or other insects in a

manner which assures that the termites or other insects of interest are exposed to the toxicant,

- -which minimizes environmental harm by reducing the amount of insecticide used, and which
affects adequate numbers of termites in a coloay.

Brief Summary of the Invention
The invention disclosed and claimed berein relstes to a method for controlling

populations of pests. The invention is most advantageously used for controlling the population
of social jnsects which communicate through chemical sigpals. Specifically exemplified herein are
* methods and devices for the control of insects of the order Isoptera, particularly, termites.

One preferred method of the subject invention is most easily thought of as comprising
two steps. These two steps can be repeated 10 form 2 multistep process or the two steps can be
conducted concurrently. One step involves monitoring and/or capturing target pests by a means
which does not employ the use of any pesnudc. This step fanctions o detect the presence of
pests. In addition, this monitoring step can also function s 2 means to capture the pm without
causing the pest substantial harm or disturbance of colony activity. In the cmbodiment of the
invention wherein pests are captured, the captured pest is still alive and, preferably, capable of
moving, eating, and producing chemical signals which can attract fellow pests. This step of the
process, wherein the pests are detected or captured js hereinafter referred to as the “monitoring”
step.

The other step of the process involves controlling a population of pests once they have
been detected. The pests may have been detected, for example, as a result of the monitoring step.
In the control step of the process, the pests are controlled as 2 result of ingesting or otherwise
contacting a toxicant. The subject invention has béen discovered to be highly effective in
controlling even extremely large termite colonies. Advantageously, the control method utilizes
only very small amounts of toxicant, and this taxicant is applied in a strictly defined and contyolled
manner to minimize exposure of the environment to toxicants, The use of toxicant is confined
in terms of the very limited quantity and coverage of the toxicant, and in terms of the period
during which the toxicant is used, Once control is attained, the monitoring step can continue.
These steps can also be conducted simuitaneously.

Specific carriers of toxicants, such as bait or tracking powder, ars aspects of the subject
invention These carriers are referred 10 herein as matrices. Also described are apparatuses for
presenting the toxicant-containing matrix to the target pest.

In a preferred embodiment of the invention, the control step of the process can utilize
Ppests which have been captured in the monitoring step. Specifically, these captured pests can be
used 1o attract Of recruit other pests to the toxicant-containing matrix, berein referred to as “self-
recruitment,” and, in some instances, to deliver toxicant 1o a nest or colony of the pests. The
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i nvention captured pests can leave chemical signals in the toxicant-containing matrix itself, communicating
the desirability of the food. Because these chemical markers ate species- aud even colomy-specific,
these chemicals are highly advantageous for self-recrnitment of nestmates 10 the toxicant-
containing matrix Also, the pest may deliver toxicant to the nest, for example, via trophallaxis
or cannibalism, where the toxicant can kill other nestmates, The effect of this method i8 to make
the toxicant-containing matrix much more artractive t0 the termites. This attracriveness can result
from the highly specific trail pheromones which direct other nestmates {0 the toxicant-containing
matrix and, more importantly, the deposit in the toxicant-containing matrix of feeding-initiating
pheromones which can be highly specific for the particular termite colony which is o be
eliminated.
The invention also relates to materials used in carrying out the novel methods. One
critical element of the subject invention is the toxicant-containing matrix which can comprise a
toxicant and a binder such as Methocel®, agar, other cellulosic materials, other materials which
are gop-repellant to the target pest, or a combination of two or mote of thesc components.
Preferably, the taxicant is slow-acting. If a cellulosic material is used, that material may consist
of wood particles. The mattix can further comprise components which stabilize or regulate the
matrix environment. For example, a humectant such as a hygroscopic component can be added
1o regulate the moisture content of the matrix
Centain novel apparatuses are also used according 10 the subject ipvention. Specifically
disclosed are apparstuses for monitoring and controlling populstions of insects, particularly
. termites. For example, one such apparatus for monitoring the presence of termites simply
comprises & food source as a monitoring device which can be strategically placed at sites
surrounding a structure, of at an agricultural location. These monitoring devices are accessible’

to the pest management Operator or property owner so that they can be periodicaily monitored
for evidence of the presence of termites. Other apparatuses, such as electronic devices, can be
incorporated in the monitoring devices 10 alert the homeowner or Pest control operator to the
presence of termites. Where ground or soil surrounds a structure to be monitored for termites,
the monitoring device can be placed in the soil near the structure or area to be monitored.
Where no soil is around a structure or when foraging galleries are detected above ground, the
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monitoring device or toxicant-containing matrix can be placed above ground. Advantageously, the
monitoring device can be constructed so that pests can be removed easily and without substantial
barm resulting to the pest, thereby allowing the pest 10 be used 10 recruit other nestmates to the
matrix

Anomé: apparatus useful according to the subject javention comprises 2 housing which
is specifically designed 1o enclose either 8 monitoring device of toxicant-comiaining matrix. This
housing is useful for protecting the monitoring device apd/or toxicant-containing matrix from the
environment The monitoring device or matrix can de enclosed within the housing in such a
manner so they can be removed with minimai disruption to the foraging termites. This bousing
is preferably made from a durable, non-biodegradable material

The present invention provides an environmentally safe termite control system requiring
0o complex machinery. The invention provides apparatuses and methods for the monitoring of,
and delivery of a toxicant to, a target pest wherein the apparatuses may be easily and safely
serviced by property owners as well as professional pest management workers,

Advantageously, the disclosed materials and procedures minimize the risk of exposure to
persons handling toxicants and increase toxicant intake by termites. The methods of the subject
invention can drastically reduce pesticide use in the urban environment. Moreover, this invention
can de an important part of an Integrated Pest Management (IPM) approach. The first phase of
the IPM can be designed 10 monitor temmite activity. No pesticide nced be nsed until termite
activity is detected. When activity i detected, the sccond phase of the IPM can be employed
wherein only a small quaatity of pesticide is used to control the eatire colony population. Once
control is achieved, the monitoring step can be repeated, as can the control step, if necessary, thus
providing indefinite protection to the structure or agricultural site,

As described more fully herein, there are 2 variety of methods and apparatuses which can
be utilized to practice the method of the subject invention. The precise methods and apparatuses
which would be optimal for 2 particular target pest and environmental setting would be apparent
to 2 person skilled in this art using the teachings provided herein. .

The descriptions and teachings which follow primatily focus on the control of termites.
Specific methods and apparatuses for the controt of 1ermites are provided, but variations of these
methods and apparatuses and their applicability 10 pests other than termites would be readily
recognized and used by a person skilled in this art.

Brief Description of the Drawings
Figures 1n-1d fllustrate one embodiment of the invention wherein 2 single station housing

is vsed 10 house a monitoring device and then a toin'mnx delivery tube. Specifically, Figure 1a
shows placément of the monitoring device into a station pre-positioned in the soil and placement
of a cover over the station; Figure 1b shows termite foraging tunnels which lead to the station and
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the monitoring device; Figure 1c shows removal of the monitoring dcvice and replacement with

a toxicant delivery tube within the same station; and Figure 10 shows that the termites captured

in the monitoring device are placed into the recmiters’ chamber of the toxicant delivery tube to
- - recruit other termites to the 1oxicapt.

Figure 2a shows a top view of a monitoring device and a station housing.

Figure 2b shows a side view of 2 monitoring device and 4 station housing.

Figare 3 shows a bait rube with recruiters’ chamber. '

Figure 4 shows a contiguous station housing containing monitoring blocks placed in soil
adjacent to a structure foundation. A thin strip of meral foil is embedded in the monitoring
block. When the monitozing blocks are connecied together to surmound the structure, a
cOntiguouns circuit is formed. Severe infestation by termites in the monitoring block results in the
breaking of the circuit, which can be easily detected by an elecwronic device.

Figures 58-5c¢ show one example of an termite monitoring/capmring/tosicant-Gelivery
station. Figures 5a and 5b show a section cut out for placement against a wall having a molding.
Figure 5c shows an exploded view of the box, toxicant matrix, and lid as appropriately mounted
against a wall

Figure 6a shows one exampie of a horizontal monitoring device and station.

Figore 6b shows an example of the monitoring device of 8 horizontal monitoring station
being replaced by a toxicant delivesy unit. ;

Fignres 7a-7d show one example of the use of a horizontal monitoring device and toxicant
delivery sysiem. :

Detsiled Disclosure of the Invention
The subject invention pertains to novel methods and apparatuses for coatrolling

populations of pests. The present invention is based on the concept of providing a- suitable
toxicant in a matriz which i8 non-repellaat to the species of pest to be controlled. In a preferred
embodiment, the invention forther compfises a self-recruiting method of bringing additiona) pests
to the toxicant. As descrided in detail herein, the self-recruiting aspect of the subject invention
is a very unique and effective means of making a toxicant-containing matrix much more attractive
to the pests from & specific colony which i8 10 be climinated. Thus, a very important aspect of
the invention i8 a means for making a toxicant more attractive 1o pests, particularly pests from
a spedific nest or colony. _

The described method is most readily applicable 10 Insects which live in colonies and
Wwhich communicate by chemical signals such as, for example, pheromones. Pheromones are
naturaily produced chemotactic compounds that termites and other insects are known to use as
communication signals. The described method cag be used, for example, 10 capture and control
insects of the order Isoptera, and is particularly useful for controlling populations of subterranean
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Serritermitidac, and Termitidae (Pericapritermes, Allodontermes, Microtermes, Odomara—mcs.
Nasutitermes, Termes, Amitermes, Globitomes, Microcerotermes species), Termopsidae
(Hodotermopsis, Zootermaopsis species), and other pest species of termites. For purposes of
brevity, the emphasis herein is direcied 1o subterranean tefmites.

A prdened embodiment of the invention features two repeatable steps: (1) population

. monitoring/capturing (hereinaftes referred 1o as monitoring), and (2) delivery of 3 toxicant to a
pest through the use of a toxicant-containing matrix. The monitoring step of the process
comprises monitoring a8 particular location to detect any termite activity. This step may further
comprise capturing termites. The toxicant delivery step involves providing a slow-acting toxicant
in a mauix which is eaten or otherwise contacted by the termites. The slow-acting toxicant allows
termites to return 1o and move throngh their colony territory before dying. Nestmates then follow
the trail back to the toxicant. As described more fully herein, the two principal steps of the
subject invention can be repeated as part of a pest management program wherein the program
involves the inmitial step of monitoring for pest activity followed by control if pest activity is
observed. Once control is achicved, monitoring can be continmed. The steps may 2lso be
performed simultaneously. Also, an initial monitoring step may not be necessary if termite activity
has already been detocted. In 8 preferred embodiment, 3 single station housing, as described
hérein, is used for both monitoring and control. This station housing it a unique containment
device which is made of a durable, non-biodegradable material which permits long-term
monitoring and repeated cycles of monitoring aud control.

Each of the two above-reforenced steps is descrided in more detail below. Also discussed
below in greater detail is the self-recrnitment aspect of the toxicant delivery step. Also discussed
in greater detail below are specific apparatuses aseful according to the subject jfavention.

A._Monjtoring. The primary objective of the monitoring step is to detect the presence
of subterranean termites aud not 1o atiract termites from other locations. If termites are present,
this step provides an oppormmnity to collect them. If termites are collected, these termites can

then be used for recruiting other nestmates 10 a toxicant according to the toxicant delivery step
of the invention. Therefore, it is preferred that termites be collected in a manner which does not
adversely affect the termite’s viability. The terms “without affecting viability” aud “remain



article placed into the ground (or into a housing) for nonitoring and
capturing termtes indigenous to an area. The termtes are captured in such
a way so that they remain viable and can be easily transferred to the

t oxi cant- delivery device used in the toxicant del y~ste . The
noni toring device used in the nonitoring/ capture [sREPLACERERe QP sed of
at least two interfacing, separable pieces which mﬂT‘bewbeunﬁdg her. The

t wo- pi ece construction allows for easy collectiofn of é)gr{alées WI in the
devi ce. For exanple, a wooden stake can be conprise 9% norle

I nterfacing pieces which are bound together. The b-n.di..n.g__y_\b_@_jolids

t oget her the pieces can be flexible netal bands,{an adhesive tape(L or the

| i ke. As shown in Figure 2, the interfacing pieces tanbe—enclased within a
bracket device conprised of horizontal bands which are interconnected by

| ongi.t udi nal supports which forma bracket andowhich further has a handl e
at one end to facilitate renoval of the nonitoring device fromthe ground

even when badly dantigf] Fg (iRt @pHef leguite is relatively e apq thas it is able,jo forage and,
noni toring above- gr praieciply,dis saffigien abbility whieah thawaes a food source such as

fi‘r”d}’ﬁ ' . rodi P ed N Abicafl Mo mbilr BF et &t Tl adtobs U U2l idel
in greater detail below. The monitoting devices can be placed in, on, or above the ground. These
devices may be placed individually or interconnecied 1o surround structures 1o be monitored. The
materials used for the monitoring device should not repel or deter termites. Preferably, these
materials shonld have sufficient structural integrity to exist in varisble environments (high
humidity, aridity) for a period sufficient for termites to locate and access the monitoring devices.
The monitoring device should be able to withstand foraging activity by a large number of termites
so the device is not totally consumed within 2 reasonable time interval between inspections.

In a preferrcd embodiment of the monitoring step, an article can be both nsed to detect
and capture the target termites, The article is, thus, the “monitoring device,” or “monitoring
article.” The device cmployed in this monitoring step preferably allows the captare of termites
with a minimum amount of harm to the termites. The devics can be of any material which is
susceptible to termite infestation. Preferably, the material comprises cellulose.

One preferred embodimeat of the monitoring step utilizes an outer housing which is
separate from but surrounds the monitoring device. The outer housing is also referred 10 herein
as the station housing. In a preferred ¢mbodiment, the station housing can have a plurality of
entry points which allow termites access to the monitoring device. These catry points must be
large cnongh 10 allow entry of the targe? pest and can be much Jarger. The station housing can
farther comptrise a remfomed tip at one end to facilitate placement into the ground. The station
housing may further comprise, al the end opposite the reinforced tip, a cover. The cover is
described more fully below. The station housing for horizontal placement in the soil or above
ground placement is also described below.

When a station housing it used, the same station housing can be used for both the
monitoring step and the toxicant delivery siep. For example, once termites arc observed in the
monitoring step, the monitoring device (without toxicant) can be removed from the station
housing and replaced with a toxicant-containing matrix. One advantage 10 the use of the station
housing is that the termite foraging tunnels will not be greatly disrapted by removal of the
monftoring device if the station housing remains in place. Thus, when the monitoring device is
replaced with a toxicant-containing matrix, foraging can commence readily without extensive
restructuring of the foraging tannels of the termites. Furthermore, once control of the termite
population has becn achieved using the toxicant-containing matrix, the toxicant-containing matrix
tan be readily replaced with a monitoring device to rwm;e monitoring of the location.
Throughout the process, the station bousing can remain in place. Thus, the station housing is
preferably made from a durable, non-biodegradable material and becomes 2 critical component
of the pest management program.
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The monitoring device of, preferably, the station housing cortaining the monitoring
device, can be placed in the grouad or other appropriate jocation for a time sufficient to allow
termite mfestation. The monitoring device can be placed in the ground directly by being driven

"into the soil or placed into 2 pre-existing hole or Jocation of sufficient dimension 10 allow the
device to remain in position. Altetmatively, the monitoring device can be placed inside the station
housing which is placed on or in the ground. The monitoring device and/or station housing may
lie flat on the ground or be placed upright in a hole. _

In one embodiment of the monitoring step, the monitoring device is modified chemically
and/or physically to increese the possibility that the target pest will enter and move within the
device. A variety of chemical means, such as food, mojsture, dry rot fungus, and pheromones or
thefr mimics (e.g., glycol compounds), and physical characteristics, such as shape, size, and texture,
can be used to achicve this objective. One example of 2 physical modification wonld be a cover
placed over the station honsing, or over the monitoring device if the monitoring device is used
in the ground without the station housing.

Once infested by termites, the monitoring device can be gently removed from the soil of
from the station housing. As stated above, it is advantageous to utilize & station housing to
minimize distzption to foraging tunuels. Upon removal of the monitoring device, 3 toxicant-
containing matrix can then de placed in the station housing or other location previously occupied
by the monitoring device. In this way, taxicant is not used until the presence of formites is
determined by the monitoring step.

In a preferred embodiment described more fully below, termites collected in the

monitoring step are msed to recruit more termites to the toxicant This is termed “self-
recruitmenr” Therefore, the monitoring device can be specifically designed to facilitate capture
of termites. Such a device, as described below, may have interfacing sides. After removal from
the ground or the station honsing, the interfacing siges of the monitoring device are separated and
termites extracted from them. The dimensions and shape of the monitoring device are designed
so that termites foraging in the device can be extracted with minimum harn, “Minimum harm”
means that the termites which are captured remain viable and are capable of foraging and
producing pheromone and, preferably, arc able to return to the nest for recruiting nestmates. The
extracted termites are then used 10 recruit other termites from the colony to, and throvgh, a
toxicant-containing matrix. Termites foraging in the monitoring device can be rransferred 1o a
toxicant delivery device by gently femoving or tapping them from the monitoring device into the
toxicant delivery device. The toxicant-delivery device is also referred to hercin as a “bait tube.”
‘The toxicant delivery device can comprise a chamber above the toxicant-containing matrix into
which the termites are placed. This chamber is referred 1o herein as a recruiters’ chamber. To
exit the bait tube and station housing, the termites must then tunpel through the toxicant-
containing matrix.
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ingredient (A} and a suitable carrier (matrix) in a2 manner that induces the target pest to ingest
or contact the AL The toxicant-containing matrix should be delivered in, on, oi above the ground
in 2 manner whick minimizes exposure of the environment, applicator, and other non-target
organisms 10 the toxicant For example, a suitable matyix can be a coatable, suspendable,
impregnable narural or artificial food source. The matrix does not need to attract pests, but
should nat repel them. The presentation of the matrix (in a station housing, ctc.) may induce
pests to contact the toxicant The suitable matrix further can be capable of deing formed into &
desired shape for placing or packing into 2 station housing.

In a preferred embodiment for a non-rigid matrix, the togicant-coniaining matrix is placed
within a casing. This casing is different from the station housing and, in fact, facilitates easy
placement of the tosicant-containing matrix into the station housing. Although the taxicant-
contajning matrix and surrounding rasing are preferably placed into 2 station housing, the casing
can, altematively, be made of sturdy material for placement directly into the soil The casing is
necessary because, in 2 preferred embodiment, the toxicant-containing matrix has a very high
moisture content and is somewhat amorphous and theyefore needsa casing to hold its shape. The
casing also helps to prevem desiccation, and it minimizes contact with the toxican: by the handier
and facilitates easy removal of the toxicant-containing matrix when the toxicant delivery step is
completed, Purthermore, as described more fully below, the casing can be desigued to include or
form a recruitery’ chamber, The casing must permit entry by the target pest; therefore, the casing
must either comprise appropriate openings or be of a material through which the pests chew or
otherwise create an opening. For example, thin polymeric materials may be used to enclose the
toxicant-containing matrix. The toxicant-containing matrix can be enclosed within the casing
somewhat like a sausage within its casing The use of 8 polymeric material is particularly
advantapeous if that material is of a nature such that it prevents or delays desiccation of the
matrix  Other materials which can be used to encase the toxicant-containing matrix include, but
are not Kimited to, cordboard and other celinjose materials, even paper and wax. This method for
packaging the toxicant-containing matrix has the advaniage of creating a “dose-pack” which
Pprecisely provides the appropriate amount of tosicant in a8 manner which minimizes contact with
bumans or the eovironment. )

Suitable matrices can be formable cellulose-containing materials including, but not fimited
to, wood particles or wood flour, recycied paper or celinlose ethers such as methylcellujose,
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used for the monijtoring step.

The preferred active ingredient should be slow-acting, lethal at concentrations which do
not repel target insects, and capable of being combined with the matrix as described above. It is
intended that pests dnecﬂy contacting or ingesting the toxicant will not be kilted immediately but
will travel 1o and/or through their colony to recruit other nestmates to the toxicant, thereby
resulting in the control of large nugmbers of colony members. The term “delayed lethal effect”
in the present specification means that death does not occur immediately or within a short time
such as a few seconds or minutes after inpestion or contact of the active ingredient by a tenmite.
Rather, it is preferred that the pest die hours or, more preferably, days or weeks after
encountering the toxicant. This delayed lethal effect’ permits the termites to interact with the
colony before death occurs, thus allowing the location of the taxicant delivery system to be
communicated to nestmates within the colony. It is preferable that the communication de sffected
by pheromones because these chemical signals are a highly efficient means of communication,
often being specific 10 a particular species or colony. In addition, communication by pheromones
is enhanced 2ccording to the subject invention by the deposit directly into the toxicant~containing
matrix of fecding-initiating pheromones. These pheromones are deposited by the captured pests
which are forced to forage through the mﬁmnt-contémmg matrix before exiting the toxicant-
delivery device and/or station housing 10 retura to the colony. This unique self-recruitment
procedure results in a highly efficlent process of recruiting nestmates to the toxicant matrix,
ensuring their exposuze to the slow-acting toxicant,

The active ingredient can comprise chemical insecticides, insect growth regulators, or
microbial pathogens or their toxin preparation. E:amblw of toxicants include, but are not imited
to, borates (boric acid, disodinm octaborate tetranydrate), mirex, suMfluramid and related
fuoroalkyl sulfonamides, hydramethylnon, avermectin, A-9248 (difodomethyl para-tolyi sulfone),
fluorosulfonates, imidacloprid, azadirachtin, cyromazine, juvenile hormones (JHs), juvenile
bormone apalogs (JHAs), or juvenile hormone mimicries (JHMs) such as methoprene,
hydroprene, triprene, furnesinic acid ethyl and alkoxy derivatives, pyriproxyfen (Nylar), fenoxycarb,
and chitin synthesis inhibitors (CSIs) such 25 hexaflamuron and other scyl uress, difflubenzuron
(Dimilin), and azadirachtin. Biological control agents which can be used as the “toxicant”
include, but arc not limited to, entomogenous fungi such as Mewarhizium anisopliae and Beauveria
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bassignia, entomOgenous nematodes such as Neopleciana carpocapsae, insect viruses, Jpathogenic
bacteria such as Bacillus thuringiensis, Aspergillus flavus, and Serraria marcescens, or the 10xin
.. -preparations derived from B. tuzingiensis or other biological control agents.

In addition, other insecticides can be used as microencapsulated formulations.
Microencapsulation can slow the activity of otherwise fast-acting toxicants.

An cxample of the invention disclosed herein uses hexaflwmuron, which can be
impregnated or incorporated into the celiulose material during the formulation of the toxicant-
containing matrix

As discussed above, a novel feature of one embodiment of the subject invention comprises
a “self-recruiting method” to use collected termites to recruit other nestmates to the toxicant.
It is widely recognized that certain insects utilize chemical signals such as pheromones, which can
be deposited along a trail by an insect which has located, for example, a food souice.
Subsequently, other insects, usually from the same colony, detect the chemical signal and are thos
directed 1o that food source. Such trail-foliowing pheromones of some subterranean termites have
beeh identified; however, synthesis of such natural products or their analogs is difficult, costly, and
impractical. Moreover, the proper concentration and composition of these pheromones can be
species- and colony-specific. Additionally, trail phéromones may be very different from feeding-
initiating pheromones. Insects are very reluctant to eat their “trail pheromones because
consumption of trail pheromanes would remave the markers termites need to locate food saurces
and nestmates, Thus, it is likely that the incorporation of trail pheromones, or their analogs, into
a toxicant mag well act 1o bring tetmites to a Jocation but may inbibit feeding at that location.
Feeding behavior may b triggered by different phberomones which would be expected to be
spedific for particular pesis and particnlar colonies. Therefore, reproducing functional synthetic
pheromones would be nearly impossible for the desired purpose of widespread use in attracting
termites and initiating their feeding.

An agvantageous feature of the “sclf-recruitment” embodimeant of the subject invention
is 10 atilize a captured target pest 1o produce the species- and colony-specific pheromone for
recruiting other pests to the toxicant and initiating feeding behavior. This method makes the
toxicant highly artractive compared io other known methods and toxicants. The method is
particularly well suited for aggregating a great number of pests from 2 single colony 10 a toxicant.
In accordance with the self-recruitment embodiment, termites collected in the monitoring phasc
are placed in the toxicant-defivery device with toxicant-containing matrix and must chew or move
through the toxicant-containing matrix before rerarning to their nest. In this manner, the termite
ingests or contacts the toxicant and leaves appropriate communication signals throughont the
toxicant-containing matrix, which encourages other nestmates to locate the toxicant-containing
matrix and initiate fecding activity.
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preferably closed or capped. Small holes can be provided 1o allow air flow for 1enmites into the
recruiters’ chamber. These termites must then enter the toxicant-containing matrix in order to
exit the toxicant-delivery device and station housing, Holes from the recruiters’ chamber into the
matrix can be supblied to encourage this process. The termites then tuanel through the toxicant-
coptaining matrix before returning to their galleries, thereby leaving species- or colony-specific '
pheromones in the toxicant-containing matrix The exiting process may be encouraged by holes
leading out of the matrix This arrangement forces termites to move through the toxicant-
containing matrix and thus leave favorsble pheromones in the matrix and/or station housing to
fecruit nestmates into the taxicant-containing matrix.  As discussed above, the self-recruiting
procedure advantageously uses nestmates t0 ieave the species. and colony-spedific pheromanes w0
recruit others from the same colony. This is much preferable to the use of synthetic pheromoncs
which can fail because of their lack of specificity or because of their initiation of trafling rather
than feeding behavior. The deposit of specific pheromones in the toxicant-containing matrix by

- the captured. termites thus aide in recruiting other nestmates to the toxicant-containing matrix,
whereupon they forage, are exposed to toxicant, and deposit more pheromone, thus creating a
cyclical, self-recruiting termite control method.

C._Apparatuses. Employed at each step of the method of the subject invention are novel
apparatuses. As described above, one method for the monitoring step employs a novel, separablc
article placed into the ground (or into a housing) for monitoring and capturing termites
indigenous 10 an are2. The ermites are captured in such a way so that they remain viable and
:mnbeeuﬂyuamﬂnuuu>dwunkmndﬂwmydﬁ&zuuﬂinﬂmtuﬁmmxdahuqswp

The monitoring device nsed in the monitoring/capture step can be comprised of at least
two interfacing, separable pieces which can be bound together. The two-piece construction allows
for casy collection of termites within the device. For example, 2 wooden staks can be comprised
of two or more interfacing pieces which are bound together. The binding which holds together
the pieces can be flexible metal bands, an adhesive tape, or the like. As shown in Figure 2, the
interfacing pieces can be enclosed within 2 bracket device comprised of horizontal bands which
are interconnected by longitudinal supports which form a bracket and which further has a handle
at one end to facilitate removal of the monitoring device from the ground even when badly
damaged by the termites. 3

Alternatively, for mogitoring above-ground, an apparatus which houses a food source such
as sgwalust, or a modified monitoring device, can be placed on or attached to (or insxde)_ a ree
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cover can house the monitoring device for use in the monitoring step and then, after removing the
monitoring device, can also house the toxicant-containing matrix Altermatively, the station
housing may be designed to simultaneously hold both the monitoring device and the toxicani-
delivery device. When the monitoring step employs sawdust or other cellulose-containing material

as 2 component of the monitoring device, the sawdust can be packaged in a casing for convenient
placement into, and removal from, the station housing. Preferably, the material used 1o package
the monitoring mixture can also be a cellulose<ontaining material such as paper, cardboard,
paperboard, or the like, so that it is palatable to termites. Similarly, as described above, the
toxicant and its matrix cap be packaged in a casing such as a celiulose-containing package wherein
the packaging serves as A barrier to prevent the handler from exposure to the toxicant.

Thus, in a preferred embdodiment, the station housing is intended to remain in place
indefinitely to house the monitoring device for long-term monitoring and to house the taxicant-
containing matrix when necessary for control. Therefore, for purposes of the subject invention,
the station houvsing shonld be durable enough 1o contzin the monitoring device or toxicant-
¢optaining matrix (or toxicant-delivery device) in variable environments (ie., wet vs, arid), and
should be constructed in a manner, or of a material, that will allow target pests to pass through
the housing, ie., with pre-formed entry points, o5 of a material in which insects can form their
own openings. The station housing should be non-degradadle and be noa-repellant 1o tazget
insects. A preferred station housing is capable of repeated or continued use, is epvironmentally
acceptable, and is an effective barrier between the toxicant and the handler or the exvironment.
It is also capable of being removed and reused in another jocation. Materials from which the
station housing can be constructed include, dut are not limited to, polymerss such as plastic, non-
corrosive metal such as aluminum or stainless steel, wax, and non-biodegradable cellulose-based
materials. Station hovsings which are not eaten by termites are preferred. The station housing
can be readily adapted for above-ground use, for example, in trees of On structnres.

A pon-rigid toximnt-contamixig matrix will typically be enclosed within another material
{casing) s0 as to form a bait tube (also referred to herein as a mxim;t-de.livexy device) desipned
to minimize direct contact of persons hapdliog the bait tube with toxicant-containing matrix, and
0 allow termites collected from the monitoring procediure o return back 1o the foraging galley
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for secraiting other pesumates. The bait tube should be of a size and shape that is large enough
10 contain an effective amount of toxicant while still being easily handled by individuals. The bait
tube should further be of a size and shape that is accessible to the targe? insects. ‘The various
shapes of the bait tabe can include, bat are not limited 10, ¢ylinders, discs, rectangles, and cones.
The bait tube may be designed to be placed directly in the soil Or be of a shape that allows for
compatible £t into the station housing,

In a preferred embodiment, the station housing comprises & cover which not only protects
the monitoring device but also performs several other important functions. Specifically, the cover
may be designed s0 as to modulate the microenvironment surrounding the station houvsing. Feor
example, the cover may advantageously be designed 1o extend out beyond the boundaries of the
main compartment of the station housing such that the nearby ground will be covered. This has
the effect of shading the snrrounding soil, thus keeping the swrronnding soil cool and moist in
warm climates or insulating for warmth in colder climates. These conditions have been found 1o
increase the chances that foraging termites will contact the station housing and enclosed materials.
An extended cover also helps to facilitate visual location of the station housing, The cover may
be sccured to the soil to stabilize the entire housing as well as facilitating in the removal of the
internal apparatuses used with pulling the station housing out of the soil

To facilitate insertion and removal of the monitoring device and wximnt-contaxmng
matrix, a closeable opening (also referred to herein as the lid) may be provided in the cover.
Advantageously, the lid may be equipped with 3 tamper-resistant or child-resistant mechanism.
In a preferred embodiment, the 1id will only be removable with the aid-of 2 too) specifically
adapted for the purpose of removing such lids. The tool then would be used to facilitate
inspection of the swation housing. The station housing may be of one piece constraction or of
muld-piece construction. For czample, the cover may be made as a separate piece which fits onto
or over the rest of the station housing, Alternatively, the cover may be molded, or affixed to, the
rest of the station housing. Similarly, the 1id may be affixed to or removable from the cover and
the rest of the station housing. One embodiment of the station housing is shown in Figure 2.

One embodiment of the cover i a circular or disc-shaped devics having a convex top and
concave bottom side. Insulation material such as expanded polystyrene foam may be incorporated
in the cover material to further maintain stable temperature and humidity beneath the cover. The
cover may be, for example, four inches or more in diameiwer, The botiom side of the cover can
be radially ribbed or grooved. The top side can be smooth-surfaced.  AS described above, at the
center of the cover can be a closeable opening (lid). The opening can be of snmdeﬁt dimension
50 that the monitoring device ar toxicantcontaining matrix or bait fube can be passed
therethrough. The ld can also serve as an inspection wi!;dow. In addition, located approximarely
between the center and outer edge of the cover can be small holes so that nails or similar
fasteners can secure the cover to the ground
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The station honsing may also comprise an extracior, or equivalent device, which facilitates
the removal of the monitoring device and toxicant-containing matrix (bait tube) from the station
“housing. The extractor may comprise, for exampie, handles, strings, cords, or other implement
capable of directly pulling the monitoring device and toxicant-containing matrix from the station
housing. Alternatively, the pulling device may be connected to 2 shelf upon which the monitoring
device or bait tube sits. The pulling device then palls the shelf and the monitoring device or bait
tube out of the station housing. This embodiment is particularly advantageous because it cnables
the remaval of either the monitoring device or the oxicant-containing matrix In this way any
contact with the toxicant-containing matrix can be minimized. Furthermore, the actvity of
termites on either the monitoring device or the toxicant-containing matrix may substantially
reduce or eliminate the structural integrity o rigidity of these articles, thus making them difficult
to 1emove without the aid of an extractor which comprises @ shelf component to pull ont the
material. A further advantage of the shelf component of the extractor is that it facilitates removal
of any ¢irt or debris which may accumulate in the station housing over a period of time, This may
be of particular importance in sandy soil. The extractor may also fanction 1o hold together the
pieces of the monitoring device such that the device is in one piece when in the station housing
but is easily separated into two of more picces when removed from the housing. _

In & preferred embodiment of the invention, tormites captured iu the monitoring step are
forced to move z!ubugh the toxicant-containing matrix before exiting to return 1o their colony.
In this embodiment, the station housing or the raxicant-delivery device (bait tube), or both, are
specifically adapted to force zermites through the toxicant-containing matrix. For example, the
casing for the toxicant-contzining matrix may have a rigid u;iper portion which extends a skon
distance beyond the end of the toxicantcontaining matrix This rigid upper portion is
impenetrable to termites, The end of the casing is also impenetrable to termites, and the rigid
upper portion of the casing, together with the end portion which i connected o the rigid upper
portion, form a recrniters’ ehamber with the final side of the chamber beipg formed by the
toxicant-containing matrix, Thus, 0 exit the recruiters’ chamber, the termite is forced 1o move
through the toxicant-containing matrix. Many different versions of this recrujters’ chamber could
be envisioned, readily constructed, and used by a pesson skilled in the art having acoess 10 the
teachings provided herein.

Following are cxamples which illustrate procedures, including the best mode, for
practicing the invention. These examples should not be construed as limiting. All percentages
are by weight and all solvent mixture proportions are by volume unless otherwise noted.
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connected to the rAginshivei) A8 monitoring device can be placed inside the Station housing which is then

inserted or hammered into the soil until the station housing opening is pear the soil surface.
Also, the monpitoring article or statiop housing may be placed horizontally on the ground or

beneath the 3o0il surface.

®) Inspection of monitoring devices. The monitoring device can be
inspected periodjcally for evidence of termite infestation by visnally examining the device for signs
of infestation. Inspection of the monitoring device can be performed weekly, bi-weekly, monthly,
etc. as needed or desired. Inspection may be done visually, or automatic monitoring devices may
be used. For example, termites are known to chew through soft metal. Therefore, thin strips of
metal may be incorporated into the monitoring device and connected to an electronic device.
When termites chew through the thin metal, the circuit is broken, thus evidencing the presence
of termites. See Figure 4. Also, the monitoring device may be designed to detect the sound

prod;.wed by termites as they feed on the monitoring device.

S © Detection of presence of termites. Upon the detection of the presence
of termites in the monitoring device, the monitoring device is removed from the station housing
(or soil) and replaced with a toxicant-containing matrix, in a toxicant delivery device (bait tubs).
Termites that are captured in the monitoring device can be extracted and pently tapped into an
upper chamber of the toxicant delivery device. This upper chamber is the recruiters’ chamber.
In order to exit, the termitcs must then move through the toxicant-containing matyix 1o reach the
exit points. No toxicant needs to be used unless termites are detected from the monitoring
procedure (or arc otherwise known to be present), thereby eliminating the use of any nnnecessary
toxicant. ‘When termites are detected, the toxicant.containing matrix is utilized uptil no termite
activity is detected in the toxicant delivery device. At that time, monitoring devices can be nsed
again. In addition to the practice of replacing monitoring devices with toxicant delivery devices,
another embodiment of the invention comprises a monitoring device which remains in place and

 a toxicant delivery device which can be added to, of fitted around, the monitoring device if the

need arises to deliver toxicant.



portion, forma recuiters' chanber with the final side of the chanber being
formed by the toxicant-containing matrix. Thus, to exit the recruites’
chanber, the termte is forced to nove through the toxicant-containing
matri x.- Many different versions of this recruiten. _chanber coul d be

envi sioned, readily cnstructed, and used by a p[erPipnAmgNl]-cgquz he art

havirng access to the teachings provided herein w ng are
exanpl es which illustrate procedures, including the best node, | fpr
practicing the invention. These exarrpl es shoul d rfot?INQ@bA8% ubd as
limting. Al percentages are by weight and all lLvent m xturge proportions

are by vol une unl ess ot herwi se not ed.

20
pxample 2 — Preparatiop of Toxicant-Containing Matrix

The wxicant-containing matrix can comprise cellniose, preferadly in the form of a powder
- - or small particles, and the active ingredient of a toxicant. Cellnlose in the form of powder allows
for 2 more homogeneons mixture of cellulose and woricant and facilitates packing and handling -
A humectapt component can be added to the matrix to maintain moisture eoxiwm. In one
embodiment of the invention, a Methocel® solution of about 1% to sbout 5% can be used
effectively. Methocel® is particularly advantageous because it is 2 non-nutrient humectant that
does not allow microbial growth. An about 1-2% solution is preferred. Moisture content can be
varied according to the preferences of different termite species. A preferred embodiment of the
inveation employs a2 matrix comprising sawdust as the cellulose component, and water safficient
to yield a moisture content of approximately 50% to about 90% by weight. A moistare content
of about 60-809% is preferred. Water content can be varied but should be adequate to thoroughly
moisten the dry components of the matrix. The preferred consistency of the final matrix is that
of a semi-solid paste whereby the sawdust or wood flonr can be compacted together and formed
or shaped. Sawdust containing about 80% water was found 1o stimulate feeding by the native
subterranean termites (Resiculizermes specics) and the Pormosan subterranean termite, C.
formosanus.

- Purther studies have shown matsawdnstﬁnm hardwood species such as, mrmmple,oak,
beech, birch, or maple is preferred by some termites. This was a surprising resnlt because it
previously was widely assumed that termites preferred soft wood which is easier to eat. Practical
considerations may, however, militate in favor of using softer woods in some circnmstances. As
used hercin, reforence to “sawdust” means fine wood particles which may be 5o fine as 1o be
known as wood flonr, and which may be produced from wood by any suitable process as well as
by sawing woo. Furthernore, the matrix can be made a prefirred food by suitable choice of the
species of timber and also suitable choice of the maximum particle size. The exact species of
teymite to be eradicated will indicate the optimum wood flour and the optimum particle size.

A procedure for the preparation of the toxicant-containing matrix used for the taxicant
delivery step is conducted as follows:

L Hardwood sawdust or wood flour is mixed with water in praportions of

appruximately 80% water (w/w). Alternatively, the water component can be a 1~
2% Methocel® solution,

2 Toxicant i5 thoroughly mixed inio the sawdust/water matrix to result in a
bomogeneons final concentration. When using hexaflumuron, this concentration
may be appronmatcly 5000 ppm. -

3. The toxicant-containing matrix can de adjusted with addmonal water or sawdust
10 achieve a scrni-solid formable consistency which can be packed into the station
housing or, preferadly, into a casing to form a bait tube.



19 Exanple 1 - Integrated Pest-Nanagerrent System for the Control of

Termtes One exanpl e of how nethods of the subject invention can
be applied to the control of subterranean termtes is a?@bf&wm .
(a) Pl acenent of the station housing and nonitoring MENThS)“J@:To
‘ 0 1 NOV 1995
21
4 The toxicant-contaifting matrix can be stored in a moisture-tight and air-tight

packaging to maintain the appropriate moisture content.

Example 3 - Construction of Stadon housing
In one embodiment of the invention, the station housing can comprise a rigid tube which

is pointed at one end and closeably open at its opposite end. The tube is preferably made of a
non-biodegradable, durable material which is not atiractive to, nor eaten by, termites, The station
housing should be made of a material which resists decay or corrosion when exposed to moisture,
especially when buried undergrouna for a period of time. The texture of the station housing may
be coarse. The station héusing will typically comprise entry points which enable termites to have
access to the monitoring device or toxicant-containing marrix within, These eatry points should
not be so large or aumerous as to compromise the duradility or structural integrity of the station
housing or allow dirt or debris to readily cater the inner nhambcr of the station housing,
However, the entry points showld be sufficient to provide ready access for termites to the materials
within. In one embodiment, numerous entry points on the side of the station housing can lead
to inner tubes that may be bent to attach to the inner wall of the toxicant delivery tube. In this
embodiment, termites entering the station howsing from the 30l are directed sidéways and into
the toxicant, The bent inner tubes provide entry paints for termites in the soil. Because they are
bent sideways, the toxicant-containing matrix cannot be directly accessed from outside. In one
embodiment, the entry points have a diameter which i8 Jarger than the head of the teymite but
smaller than the width of its head and two antennae. These holes can have, for example, an inner
diameter of about 0.25 cn.

A woxicant-delivery device (bait tube) can be added to the station housing to 2 level lower
than the closcably open end.  This level may be, for example, abont 2.0 cm below the end. A
plastic insert forming 2 chamber can be placed into the bait tubs. This insert can form a recruiter
chamber. The chamber can have holes in the end which contact the bait tube s0 as to allow
termites to exit the chamber by entering tho bait tube. The chamber may also have very small
holes to facilitate air flow. There may be, for example, six holes having an inner diameter of
about 0.25 cm.  Vertical tubings extending from the holes of the insert can be puactured into the
toxicant-containing matrix. This arrangement also helps to tamper-proof the station housing
because the toxicant-containing matrix cannot be accessed from any external opening of the bait
station. The plastic insert can have a detachable cap at the end of the chamber opposite the bait
tube. The detachable cap is either engaged with a snap-on attachment or can be threadedly
engaged. Preferably, the cap is made child-proof The closed chamber thus provides a Jocation
10 place termites to be used for self-recrnitment. )

-
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presence bottom. As an example, this container may be about 21.5x 16x 5.5 cm. Numerous holes can be
drilled throngh the four vertical walls of the container. These holes can be, for example, about
3 mm in diameter inside and about 0.6 mm in diameter outside. This hole arrangement prevents
soil invasion into the housing. Inner and outer walls can be sanded m.provide a surface snitable
for termites to walk on. A monitoring device can be made, for example, of three wooden picces
bound together with 2 support strip attached to 2 bandle. The monitoring device can be placed
msxde the container and can bs removed using an attached handle with minimuom distorbance to
texmites (Figure 6). ' '

Toxicant delivery. A conuainer that fits within the Station housing can be nsed as a
toxicant delivery device. ‘This contaiper may be, for example, about 19.3 x 13.5 x 4.5 cm.  Except
for a removable cover, numerous holes through all sides of the contsiner can be provided for
termite entry. These holes may be, for cxample about 024 cm in diameter. Holes can extend
inside the toxicant delivery device with inner tubes bent at about 90° to prevent tampering with
the toxicant-containing matrix. The inner and outer walls of the toxicant delivery device can be
sanded. The toxicant delivery device can be filled with the toxicant-containing matrix up to, for
exsmpic, about 1 cm from the top of the container and covered with a lid

Operating procedure. A station housing containing wooden pieces as the monitoring
device is placed beneath the gronnd and covered with a thin layer of soil (Figares 9, 9b). This
thin layer of soll can be, for example, about 1 cm. Monitoring devices are then checked
periodically for termite activity, Monitoring devices infested with termites are gently lifted and
replaced by the toxicant delivery device contsining the toxicant.contzining matrix (Figure 7).
Termites extracted from the boards are gently tapped into the upper 1 cm deep chamber of the
toxicam delivery device (Figure 9d), leaving the colony recognition semjochemicals in the toxicant-
containing matrix to “self-recrvit” nestmates into the toxicant delivery device.

Example 5

The procedures, materials, and apparatuses of the subject invention can be readily adapted
for use for the oontrol of termites anaclking cropiands, forests, golf courses, and other non-
structura] targets. The same general materjals and methods may be utilized with minor
modifications, readily apparent to those skilled in the art, 0 achieve optimal results.
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arises to deliver tgQy.6aRtome like material, the placement of the monitoring and/or toxicant delivery devices
in or on the ground may not be practical. Termite infestation, however, is o less of a problem

in these urban arcss. Thercfore, an alternative application and design of the described invention
comprises 3 mouimxiﬁg and/or toxican: delivery station which can be used in an above-pround
system. Such a system is also of value anytime that an above-ground infestation is observed

An above-ground design is fustrated in Figure 5. This above-ground system can
comprise a station bousing which is placed or mounted in or on the wall of a structure. The
station housing can comprise a frame which is designed to simultaneonsly fit snuply against the
wall and 2 wooden door frame, 2 molding, or the like. In one embodiment, the station housing
can enclosc a toxicant-contalning matrix, substantially as described above, wherein the toxicant-

- containing matrix can be packaped in various shapes and sizes, for example, a rectangular box
shape, to facilitate their use with the abave-gronnd system housing. The above-ground station
housing can be substantially open at the side which faces of is mounted against the wall. The side
of the station housing facing outward i8 closeably open, wherein a hinged lid or a separate lid can
be placed over the opening. The lid scrves to prevent exposure to toxicants by persons
encounteripg the station housing, The lid can further comprise a locking means to prevent
inadvertent exposure by children or othexs. The cover cap also serve to prevent mojsture joss
from the toxicant-containing matrix. Mofsture loss can aiso be prevented by the packaging of the
toxicant, wherein it is preferable to package the wwicant-containing matrix in 8 casing which is
edible by termites. Such casings can be cardboand, paperboard, paper, and the like a8 described
above, A preferable material for packaging the roxicant-containing matrix is wax-paper due 1o its
moisture-retaining characteristica.

Aﬁcrasmnonhouamgzsanamedwawanfenee,treemmp,menunk.éromcr
structaral member, contact with the termite galleries can be facilitated by drilling a hole through
the structural member into the galiery area. Initially, a cellulose monitoring device may be placed
in the housing If termites are detected, the monitoring device can be replaced with 8 toxicant-
containing matrix and collected termites used for recruitment. In case of known termite activity,
a wrxicant-delivery device may be placed in the station housing without the placement of a
monitoring device,

In one embodiment, cement or asphalt can effectively act as a station housing For
example, 3 hole may be drilled into cement, either inside or outside a structure, 10 gain access t0
the soil below. The monitoring device may then be placed into the drilled hole such that the
device makes contact with soil. The device may then be monitored and replaced with a toxicant-
containing matrix, preferably within a casing, if teymite activity is observed. Of course, a station
nousing may 2130 be used in this instance by inserting the station rousing into the hole drilled in
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the cement. When the cement hole is used as the station housing, a rubber stopper or equivalent
device can serve as the top, or cover/lid
Above-ground mopitoring and toxicant delivery schemes can also be widely adapted for

use in trees.

Example 7

Dyes may be incorporated into the matrix to assist the applicator in identifying termite
colonies and foraging range of termites feeding on a monitoring aricle or toxicant bait.
Appropriate dyes include, but are not limited to, Nile Blue A and Sudan Red 7B. A laboratory
study showed that termites accepted bait matrix containing 0.01-0.05% Nile Blue A, and were

visibly stained after feeding on the dyed material

Example 8 — Field Testing Using Matrix Containing Hexaflumuron
1. Procedures. Field colonies of the Formosan subterranean termite, C. formosanus, and

the eastern subterrancan termite, R flavipes, were selected for testing. Termite activity was
measured 1-2 years before the introdnction of a hexaflumuron treated matyix. Monitorirg stations
contained pre-wejghed wood blocks surrounded by plastic containers buried beneath the soil
surface. Wood weight loss of a block was determined monthly or bi-monthly 10 repesent activity
of the sobterranean termite colony being tested. A muitiple mark-recapture program was
conducted to estimate the foraging population size and foraging territory of each ‘tested colony.
A mark-recapture program refers 1o a procedure wherein a imown aumber of termites are marked
using a dye marker snch as Nile Blue A ang then released back to the colony. A week later,
termites are recaptured from the same colony and the ratio of marked and unmarked termites are
recorded. Assuming the injtially marked termites are distributed homogeneously among colony
population, the total population is calcnlated using the number of initlally marked termites and
the ratio of marked and mmmarked termites (Begon, M. [1979] Investigating animal abundance:
capture-recapture for biologists, University Park Press, Baltimore, MD), Termite activity was
monitored thronghont the toxicant delivesy program. When possible, another mark-recapture
program was conducted to estimate the post-toxicant delivery population of a calony.

2 Toxicant-containing matrix, Pine or spruce sawdust was impregnated with an acetone
solution of hexaflomuron to yield concentrations of 500-5,000 ppm (dry wt Al/dsy wt sawdust)
upon evaporation of acetone. The toxicant-containing matrix was composed of 20% treated
sawdust and 80% of agar or Methocel® solution (2%). A station housing was composed of a
plastic tubing (29 cm diam. LD. by 165 cm high, one end closed, the other open) filled with
approximately 80 g of toxicant-containing matrix. This leaves appxo;imatcly 5 cm height of open
space on the open end of the tubing. Six layers of 9 holes (0.238 mm diameter) were pre-drilled
in the side of the tubing.
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subt erranean t er nibinfinel Ghrough the toxicant-containing matsix to return to the colony, and 10 recruit nestmates

into the station housing. To compare the efficacy of self-recruiting procedure in enbancing the
toxicant intake, this self-recrulting procedute was omitted in some statjon housings. Station
housings were checked monthly. The amount of matrix consumed by termites from each station

_ was subjected to the apalysis of varisnce using 3 completely randomized design (P < 0.05) to

determine the significant difference in matrix consumption between stations with the self-
recruiting procedure and those without.

Results:

Experiment 1. The foraging population of this R flavipes colony was estimated at 476,000
.in September. Infestations by this colony were found in the door and door-frame of a nearby
building. Wood weight loss from the three monitoring devices was approximately 2 gfstation/day
during the summer. The activity declined during the winter 10 approximately 0.5 gistation/day.
Three dait tubes were introduced in February, By April, no termite activity was found in any of
the station housings. A total of 26 g of tozicani-containing matrix was consumed by this termite
colony. The amount of active ingredient (Al) consumed was 3.87 mg. Because of the absence of
termite activity after April, it was congluded tha: the entire eolony of over 400,000 termites was
eliminated by the consumption of 3.87 mg hexaflumuron within two manths.

Experiment 2. The foraging population of this R flavipes colony was estimated at 730,000
in September. This colony was located in 2 non-residential arca, Termite infestations were found -
in trecs and fallen logs of pine and oaks. From September through the following spring, wood
weight loss from the six monitoring devices was approximaiely 2 gistation/day. Starting in April,
cleven station houtings were used to deliver toxicant-containing matrix In June, termites
maintajned the activity level of 1.8 gsiation/day. By July, however, the activity was reduced to 0
g/station/day. Dufing the three months (April-fune) baiting period, a tota of 122 g toxican:-
containing matrix and 20 mg Al was consumed. No termite activity was recorded in this location
after July. We conclude the 730,000 termites were climinated by consuming 20 mg of
hexaflumuron. .

Experiment 3. Structural infestation of nns R flavipes colony persisied in a two-stofy
building (approximately 1,500 m?) for at least 3 years. Residents reported annual spring swarming
from the structure for five consecutive years. Soil termiticide treatments had been done by a pest
control firm annually since the erection of the building in 1986, Despite the so0il termiticide
treatments, the foraging popnulation of this R flaviper was estimated at 2,847,000 in May.

t jcan be vari ed
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in this new colony. Assuming this is the remaining of the original colony, the toxicani-delivery
program conducted in August-December had eliminated over 2.5 million termites.

Experiment 4. Foraging activity of this C. formosanus colony has been monitored in an
11-story high rise. Numerous soil termiticide treatmeuts were done 10 prevent structural
infestation by this & formosanus colony. Foraging population was estimated at 1,047,000 in
September. The foraging territory extended to 1,614 m%. Mean wood weight loss was 2-4
g/station/day. Foraging activity typically declined in winier but often peaked during summer
months (5-10 gfstation/day). Five toxicant-delivery devices were introduced in April. The foraging
-activity was reduced to less than 2 g/station/day, and remained at the same Jow leve] uatil October.
By November, no teymites were found in the stations, but stight feeding activity was observed in
a few stations until February. During the toxicant-delivery program (April-February), 847 g of
toxicant-containing matrix and 233 mg Al were consumed by this C formosanus colony. We
concluded the colony of 10 million termites was eliminated afies consoming 233 mg of
hexafiomuron over a 10-month period. |

Experimant 5. Despite repeated soil termiticide weatments and 2 fumigation following
the discovery of structural infesiations by this C. formosanus colony in a high rise, foraging activity
remained strong (mean wood weight loss: 6-10 g/stationiday). Activity of this colony did not
decline even in winter months. Foraging population was cstimated at 2,431,000 in March. Over
90% of the toxicant-contsining matsix of stations introduced in May was consumed within a
month. Foraging activity in May-July was slightly reduced (5 g/station/day). Subsequently, the
mean wood weight loss was further reduced to near zero in July-October. After November, no
termite activity has been recorded i amy of the stations. During the 6-month toxicant-delivery
period (May-November), a total of 89 station housings with taxicant-delivery devices were used.
We concluded that the colony of 2.4 miltion termites was eliminated by the consamption of 742
mg hexaflumuron, |
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Experiment 6. Infestations by this C. formosanus colony were fonnd in the utility room
of a high rise. Foraging activity was detected along the front yard of this building. The foraging
territory extended up to 185 m from one end to the other. This C. formosanus colony consumed
wood at a fate of approximately 5-10 g/station/day from 10 stations. The foraging population was
estimated at 1,225,000 in April Following the introduction of toxicant-delivery devices in July,
foraging activities steadily declined 10 near zer0 in October. After October, slight termite activity
(<1 pistationiday) remained in one station. Using termites collected from this station, we
conducted a mark-recapture program in March and cstimated 104,000 termites in the remaining
colony. A total of 42 stations were used during the S-month toxicant-delivery period (July-
December), from which 1,182 g of toxicant-containing marrix and 259 g Al were consnmed. We
concluded the 259 mg of hexaflumuron reduced the popalation size of this colony from 1.2 million
termites in April to 104,000 the following March.

Example 9 — Effects of the Self-Recruiting Procedure on Toxicant Bait Consumption

Significantly more (P < 0.05) toxicant-containing matrix was consumed from station
housings that received termites collected from the monitoring devices (referred to as “self-
recruited”™ bait stations) than stations that were simply placed in the holes from which infested
devices were palled (“not self-recruited” bait stations), In one experiment, the mean weight of
toxicant-containing matrix consumed by C formosanus from sclf-recruited stations was 35.8
gistation while those of not self-recruited stations was 6.5 gittation. With R flavipes, the mean
weight of consumed toxicant-containing matrix was 392 and 17.2 g/station for self-recruited
starions and not self-recruited stations, respectively. _

Whea more than 1% of the toxicant-containing matrix was coasumed from 2 station
housing, the station was considered attacked by termites. Using this criteria, 839 of self-recruited
stations were attached by C formaosanus, while only 593% of not self-recruited stations were
attacked With R flavipes, the attack rate for self-recruited stations was 94.7%, while 75% of the
not self-recruited stations were attacked.

It should be understood that the examples and embadiments described herein arc for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of this
application and the scope of the appended claims.
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dur abl e n@ ot attractive to, nor
station housing shoul d be made of a rr%—‘%“ﬁal whi ch res
corrosi on when exposed to noisture, especially when buried underground for

a period of time. ‘1hg L8k K Ge %Mor%ﬁ&ﬂtﬁﬂ of Piphubifhn SPopteran insects, said
method comprising:

(a) monitoring of a site for isopteran activity, wherein said monitoring comprises
periodic observation of a cellulose monitoring device for evidence of isopteran
activity, wherein said celiulose monitoring device is enclosed in 8 durable station

- housing;

()  reducing or eliminating the population of said isopterans throogh the vse of a
toxicant-containing mauwix, wherein said togicant-containiag matrix is cnclosed
in 3 durable station housing; and

{c) renewed monitoﬁng of the site for isopteran activity using a cellulose monitoring
device in a durable station housing.

2. The metbod, according to claim 1, wherein said toxicant-containing matrix comprises
. celtulose and a toxicant.

3, The method, accoxding to claim 1, wherein said toxicant-containing matrix comprises
a solution of Methocel®.

4. The method, according to claim 1, wherein said taxicant-containing matrix comprises
a toxicant selected from the group congisting of encapsulated toxicants, slow-acting chemical
toxicants, and biological coatrol ageants,

5. A method for protecting structurcs or agricultural areas from termite damage by using
3 pest management system that comprises:

(a) tke vse of & durable station housing that can be used interchangeably for the
detection of termites and for the introduction of a toxicant-containing matrix;

(b)  the use of a cellulose monitoring device placed within said station housing,
wherein said monitoring device is periodically abserved for evidence of termite
activity, ' i

(c) the use of a toxicant-containing matrix to reduce or eliminate the termite
population subsequent 1o finding evidence of termite activity; and

(d)  rencwed monitoring of the site for termite activity once evidence of termite
activity ceases. '
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be coar ' ousing will typically conprise entry points which
enabl e amlmynﬂu“mmmmm access to the nonitoring mglggm:prms ﬁ“

t oxi cant -*torit atnl hg fmat'ri x wi thin. These entry p |nts B Cégl pbe SO

| arge or nunerous as to conprom se the or abi | it Yok Lotkgrity of

the station housi Qo) m@hdaOWecdiife « %mdﬁbsaranwswam&umg B oricka ok pner
chanber of the station housin t he entrg‘e@ gts should be

sufficient to 39H sﬁg‘ﬁdé’éfﬂyh%g?:'@s‘gmﬂﬂ“{@?sﬁ?f@?&? ABPR¥al s within.

I n one enbodi nent, nunmerous entry points on the side of the station housing
can lead to inner 7%%&&!@%@%:@%%9@ fopuitioh 8Gkbplofan t3&sARSH sk | Of
the toxicant deivery tube. his enbodinent, termtes entering the
station housi r?@"?‘?“éf'rﬁ“[’ m%?"fnpﬁﬁ‘f‘gdl rected si devvays and into the toxicant
The bent inner tub¢s prapwdmaarhsbptqu)ﬂimw for termtes in the soil Because

they are bent sid E%d%n%%mﬁm‘w B&uﬁ?&{ e ﬁgosp,g Sijrectly

accessed from out si one odl ment e entry di aneter -
which is large than themh’é%“WW%éaf‘%‘ﬁﬁﬂ%m@ﬁﬂlsP‘éP%%%w dth of
its head and two ant ennigerablitieediOhns vedigh QM exicadt dnifiniay vt and Whdrdi €

di anet er of -about 0.25 ggﬂg E‘aig t ube)
can be added to the sta onpﬁmﬂ’g ﬁabl&fk eg\/qg{a'ﬁq'g\}\gﬁ'/‘goﬁya‘%% (’:sf) seably
open end. This |evel M“W‘?W@R@M“n%&ﬂm@feﬂ%mﬂf@ﬁ@@% A
plastic insert form ng @sadamlat can be placcd into the bait tube. This

insert can forma recruiter chanber. The chanber can have holes in the end

whi ch contact the bait tube so as to all ow
& The method, according to claim 7, wherein a celulosc monitoring device is used to

capture said isopteran and wherein said toxicant is incorporated into a toxicant-containing matrix
wherein said toxicant-containing matrix forther comprises a celiulose material

9. A method for increasing the attractiveness to insects of a mlmnMg matrix,
said method comprising:
(a) " capruring an insect alive; and
(b),  exposing said captured termite 10 a 1oxicant-contsining matrix jn such a manner
" thatsaid insect is induced to move through the toxicant-containing matrix before
returning (o its colony, thus imprinting the toxicant-containing matrix with the
colomy’s own unigue chemical recognition systen.

10. An isopteran monitoring device, wherein said monitoring device comprises at least
two separable, interfacing picces; which pieces remain in contact whea said device is deployed
during monitoring, but which pieces are easily separable to remove isopterans without injuring
said isopterans,

11 A composition for the control of an insect living in a colony, said composition
consisting essentially of a cellulose material in association with a toxicant and wherein said
composition has been made more atractive as a food source for said insect by inducing a live
insect from said colony to move through said composition before exiting to Tetum to said colony.

12, The composition, according 1o claim 11, wherein $aid celtulose material comprises
sawdust, wood flour, or wood particles from a hardwood tree.
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termtes to exit th ring the bait e_chanber may

al so have vey smal | ﬁmmmﬂmﬂmlﬂmgte air flow ThB& SHEET '""‘“S . xanpl e,
si x hol es having an rnner i aneser, of about 0.25 dm VeREii‘LfAﬁ tJ@T! S
extending fromthe holes of the insert cagybe puncruree—+at Phe

toxi cant-containing matrix. This arrangenent al so hel ps to tanper-proof the
staton housing becadsacasingfor iwidinga trxicasbepniainiae meroBReFoinsaid Asing bes Briypeis s sed
fromany externg} aOspterddPesd br & Bifaclifh tnafiah iokdOwhich hi Ropidraisdnd for B Gpeningan have
a detachable cap at the end of the chanber opposite the bait tube. The
detachable cap is either engaged with a stap-on attachnment or can be

t hr eadedl y engaged. r Ecatsipagoording éo claim 13 wherpifpaid easing (IONs, 3@ endp p gecrnfters) o d
chanber thus prQubste whéeih fidifekaifersd chafibad GClofnit 6F hftérial nplRtraltied kiites and

sel f-recruit rrenw;[vﬁereinsaidreu-nim' chamber bas a closeably open end 1o facilitate placement of live termites

apd wherein the chamber is positioned so as 1o induce said live termites to runnel through said

toxicant-containing matrix in order 1o axit said recruiters’ chamber.

15, A swtion housing for enclosing cither a cellulosc device for monitoring isopteran
activity or a toxicant-containing matrix for delivery of toxicant to aa isopteran, said housing being
formed from a durable, essentially non-bjodegradable matesial comprising ensry points for said

isopterans.

16. The station hoasing. according to claim 15, which forther comprises a cover which
extends beyond the edges of said housing,

17, The station housing, according 10 claim 16, wherein said cover comprises a lid which
can be opened 10 facilitate placement and removal of said monitoring device and said taxicant-

18 The station housing, according to claim 17, wherein said lid comprises an engagement
mechanism which makes the lid difficalt for children to open or which requires a tool to open
wherein said toal is specifically adapted for opening said lid.

19. The station bousing, according to claim 15, which comprises an extractor which
facilitates the placement or removal of said monitoring device or said toxicant-containing maryix,
inta or out of said housing.

20, A kit comprising a station housing for enclosing 2 cellulose device for monitoring
isopteran activity or a toxicant-containing matix for delivery of toxicant to an isopteran; said kit
farther comprising one or more of the group consisting of

(a) a cellulose device for monitoring isopieran activity; and

()] A toxicant-containing matrix. -

21. A method for reducing or eliminating a population of termites in a wee or a structure
wherein said method comprises placing a toxicant-containing matrix in Or on said structure or tree.
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22 Exanple 4 - Horizontal Station hou5| ngs forulmml ﬂnl! jt essi on of
Subt erranean Term tes Pl acenent of ver n housi ngs

is difficult in sonme |ocations with rocky3soil Mbr eover, "some ternite
species tend to forage near the soil surface, making it unnecessar to

pl ace a station as (Phe, meihgd, acgpding e, clgim, 21, whgrep (3id, toxicaplpangaining

enbodi ment of tdmelmbjmn;a durable station housing.

23. The method, according 10 claim 21, wherein said toxicant-containing mawix is placed
in a hole formed in pavement, in the floor of a building, or in a wee.

24. The method, according to claim 21, wherein s2id toxicant-containing matrix is made
more attractive to termites by use of self-recruitment.

- 25. A celiulose device for monitoring termite activity, wherein said device further
comprises a dyc wherein said dye is useful for tracking the movement of termites which feed on
said cellnlose device,

26 A method for reducing or eliminating a population of isopteran insects, whercin said
method comprises:
@) monitoring a site for isopteran acuvuy by placmg a monitoring device in a
location accessible 1o said mpterans;
(®)  upon observing evidence of isopteren activity, replacing said monitoring device
with 2 taxicant-containing matrix until 2 suitable reduction of isopteran activity

! is observed; and
(© resumption of monitoring of said site for isopteran activity using a monitoring
device.
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i nvention involves the use a horizontal station housing that can be pl aced
near soil surface. Station housing. The station housing can be
conprised of a container with a cut-out bottom As an enple, this container
may be about 21.5 x 16 x 5.5 cm Nunmeroys holes can.be drilled through the
four vertical walls of the container. These holes can be, for exanple,
about 3 mmin dianmeter inside and&a&mﬂﬁﬂ&lﬁ&hﬂuin di aneter outside This

hol e arrangement ph@iBiad SrvsiBbd pekriiia ProéthlRs BerTor bkaadoRBE b BHg, OUt er
wal | s can be sand t rovlde urL@ Fltable for termtes to wal k on.
A moni t ori ng P8V oF ‘Z'ﬁ?ﬂs) the gonreg] of SOk JpsER M6 8% bound

together wt rpaaiudup'pmwst ﬂhqozmu@cmm @mquermdhmmﬁhmgmmwiwg alevi ce

can be pl acedyhinshdeh ,tml B8y #ih w%&"ﬁ% hed
handl e with mn| o etotermtes(FlgureG %&?cant

m di st
delivery. A & g’lfj‘ﬁ@ P adifan greatly peufled as a

t oxi cant deIMMamybdnnnzemMEhmaLcontalner may be, for exanpl e, about 19. 3 x
3.5 x 45 cm Except for a renovabl e cover, nunerous holes through all sides-
of the container can be provided for termte entry. Those holes may be, for
exanpl e about 0.24 cmin dianeter. Holes can enend inside the toxicant
delivery device with inner tubes bent at about 90[err] to prevent tanpering
with the toxicant-containing matrix. The inner and outer walls of the

toxi cant delivery device can be sanded. The toxicant delivery device can be
filled wth the toxicant-containing matrix up to, for
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exanple, about 1 cmfromthe top of the container and covered with a |id.

Oper ati ng produre. ]
nonitoring device is placed beneath
| ayer of soil (Figures 9a, 9b). This
exanpl'e, about 1 cm Mbni i ;

2ghin | ayer

ternmite activi tFi iXARNi ng devi cesonarb est W
lifted and replaced by tHe toxiseant defTvelfll dev
t oxi cant-contai ning matrijx (Figure X{)., K Ter njft es

are gently tapped into tH
device (Figure 9d), |eavi
t oxi cant- contaning matri
del i very devi ce. Exanpl
appar atuses of the subj eqtees

e upper % g4 beep hant
ng the cdl ony¥recggniti
$€6?UT?9 nes

___Y The procedd

X to "sel f-

SRRy i ig
SAHAR AT

control of termtes attankigngLeﬁ*%ids, forest s
non- Structural targets. {Th me ggieral materi
utilized with mnor nodiflications, readily appar
art, to achieve optinmal fesults. .

Figure 1B

Figure 1C
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i ce containing the
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23 Exanple 6- Above-G ound Mnitoring and Toxi cant Delivery In
urban areas where the soil which surrounds a structure is often paved with
cenment, or asphalt, or sone |like material, ,the placenent of the nonitoring
and/ or . toxi cant delivery devices in or on"/?he ground may not be practical.
Term-+te infestation, however, is no |l ess of a problem :

Figure 2A

Figure 2B .
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in these urban areas. Therefore, an alternative application and design of
t he described invention conprises a nonitoring and/or toxicant delivery
station which can be used in an above-ground system Such a systemis also

of value anytine that an above-ground ijfestation is observed. An
above-ground design is illustrated in B/9ure 5. This above-ground system
can conprise a station housing which is placed or nounted in or on the wall
of a structure. The station housi F§ @nprise a frame which is designed

to sinultaneously fit snugly against the wall and a wooden door frane, a
mol ding, or the like. In one enbodi nent, the station housing can encl ose a
toxi cant-containing matrix, substantially as descri bed above, wherein the
toxi cant- containing matrix can be packaged in various shapes and si zes,

for exanple, a rectangular box shape, to facilitate their use with the
above- ground systen1housing The above-ground station housi ng can be
substantially open at of hg, si de wh{C aces or is nounted against the wall.
The side of the statl 'BEéng;*icing outward is cl oseably open, wherein a
hinged I.id or a sepa can ;;i;:;;Ed over the opening. The |lid serves
to prevent exposure ngﬁﬁﬁlcants """"""""" ons encountering the station
housing. The lid can conpi' agll OCki ng neans to prevent

i nadvertent exposure by children The_cover can also serve to
prevent noisture |oss fromthe tox i Rexcraiterstoi sture 1 oss can

al so be prevented by the packagi ng !ﬁ¢&¥ﬂﬁk§fn it is
[ ; casing which is

R
e
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edible by termtes. Such casings can be cardboard, paperboard, paper, and
the li ke as described above. A preferable material for packagi ng the
toxi cant-containing matrix i s wax-paper due to its noisture-retaining

characteristics. After a . station housing is attached to a wall,
fence, tree stunp, tree trunk, or other structural nenber, contact with the
termte galleries can be facilitated by drilling a hole through the

structural nenber into the gallery area”‘%ﬁitially, a cellulose nonitoring
device may be placed in the housi nggd qénites are detected, the
nonitoring device can be repl aced oxi cant- containing matrix and
collected termtes used for recruitment. In case of known termte activity,
a toxicant-delivery device may be placed in the station housing w thout the
pl acement of a nonitoring device. one enbodi nent, cenent or
asphalt can effectively act as a stz | ng. For exanple, a hole may
be drilled into cenent, either iaSide or outsige a structure, to gain
access to the soil below The smay then be placed into the
drilled hole such that g4 fwW th soil. The device may

t hen be nonitored containing matrix,
preferably within S observed. O course, a
station housing e by inserting the station
housing into the

housing

Monitoring device
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24  the cement. When the cenent hole is used as the station housing, a
rubber stopper or equivalent device can serve as the top, or cover/lid.
Above-ground monitoring and toxicant delivery schemes can al so be widely
adapt ed Tor use in trees. Exanpl e 7// Dyes may be incorporated
into.the matrix to assist-tie applicator $n identifying termte colonies
and foraging range of termtes feeding on a nonitoring article or toxicant
bait Appropriate dyes include, but are not limted to, Nile Blue A and
Sudan Red 7B. A | aboratory study showed that termtes accepted bait matrix
containing 0.01-0.05% Nile Blue A, and were visibly stained after feeding
on the dyed materi al. Exanple 8 - Field Testing Using Matrix Contai ni ng
Hexaf | unuron-

Manitoring

device ™.
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1. Procedures Field colonies of the Fornpbsan subterranean termte, C
fornmobsanus, and the eastern subterranean termte, R flavipes, were
selected for testing. Termite activity was nmneasured 1-2years before the
i ntroduction of a hexaflunmuron treated matrix. Mnitoring stations
cont ained pre-wei ghed wood bl ocks sugr hunded by pl astic containets buried
beneath the soil surface. Wod melgh | oss of a bl ock was determ ned
nonthly or bi-nmonthly to represent activity of the subterranean termte
colony being tested. A nultiple nmark-recapture programwas conducted to
estimate the foraging popul ation size and foraging territory of each tested
colony. A mark-recapture programrefers to a procedure wherein a known
nunmber of termites are marked §sghng a dye. marker such as Nile Blue A and
then rel eased back t og colony. @ A week later, ternites are recaptured
: he rqgﬁpcof marked and unmarked ternites are
|alﬁythﬁrked termtes arc distributed
| ation, the total population is calcul ated
rked termtes and the ratio of marked and
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sol ution of hexaflumuron to yield concentrations of 500-5,000 ppm (dry wt
Al /dry wt sawdust) upon evaporation of acetone. The toxicant-containing
matri x was conposed of 20% treated sawdust and 80% of agar or Methocel [err]
solutiof (2% . A station housing was conposed of a plastic tubing (2.9 cm

di am-“UD. by 165 cm hi gh, one end cl osedg/ the other open) filled with
approximately 80 g of tp*i—ea-m——e.em-&i—m—%m_lhi-s-ueaves approimately 5
cm hei ght of dfigurepdAel on the open end of the tubing.| Six layers of 9
hol es (0.238 mmdianeter) wore pre=g@riiiedin the side of the tubing.
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25 3. Monitoring. Woden stakes (3.4 ¢cmhy 3.4.cm-by-3 cn%) w_e‘ré ‘
Jdriven 20-25 cminto the ground. Once inf ested{%pgmmgrﬁss%hé wooden
stake was gently pulled out of the.soil, |eavihg 1 3.4 cm by
3.4 cm and 20-25 cm deep. A station housing wap |n t he hol e.
;Termtes were extracted fromthe infested stakpsja tq the open
space (5 cmhigh by 2.9 cmdianeter) on the opgn IXijcant bait
station. The extracted ‘termtes were forced toltunnel through th
toxi cant-containing matrix to return to tzhe CO-—G-R-)‘—,—aﬁd'-f-ﬁ"r?Cr‘UFt
nestmates into th%‘gta Il on _housi nﬁ., To, cog})are the efficacy_of
sel f-recruiting pro€Raewe PHOBATANEREyntete WSRTERIan (I igh SIprs ae made o
sel f-recruit eroage pragiackuis damiasbensth the duidingSO 1R sSit wickoOthe btk tanes. tesplint h@n
housi ngs wer ked thlv. Th mount af trix consuned .by ternites
from each st rt()l%?)%cwas %Eﬁaggp %lag‘tg\ ménoﬁnn%ﬁ%yogirgg cﬁefaén\)gar&fszbnc crulss?(on uce
conpl et el y r writicile erdunfershugiding Pouadfdiod by injectiod dnte soil wndetting ngete ffoundations,
difference | feffiglute LAREHGRIRE I FHMEE PoriteR /2 3 Sottbibdlich ¥ 3! Frnid GRLAH t1 N
procedure and t hoge V}II&)'[ hout . _9 _&%Eﬁﬂes:fo perblérrent 1 e
f or agi ng popPASEfIDgFICHPR FEgtmen is d4bginfeasive a8 Hiey n@hadeguatelyrproducesd ciBLOB0

barrier (Frishman, A.M., B.L. Bret [1991] Pest Control 59(8):48, 52, 54, 56; Frishman, A.M., A

St. Cyr [1988] Pest Control Technology 16(4):33, 34, 36).

Other remedial treatments include spot treatments such as dusting or injecting
termiticides within the walls of the building. Robert Verkerk has described arsenic trioxide dust
treatment using termite lures (Verkerk, R. [1990] Building Out Termites, Pluto Press Australia
Limited, P.O. Box 199, Leichhardt, NSW 2040). Verkerk describes the use of stakes or blocks of
termite susceptible timber to lure termites after the stakes or blocks have been placed near a

known termite problem. Once termite activity is observed, arsenic trioxide is injected.

A)

Alternatively, a portion of the termites may be dusted with arsenic trioxide.

Most spot treatments are done to stop existing termite infestations at a particular area
in a structure but generally affect only a small portion of the subterranean termite population, ie.,
those termites which come into direct contact with the pesticides. Because of the extensive
foraging populations and expansive territory of subterranean termite cdloniw, the vast majority
of the termite population is not affected by such spot treatments. :

United States Patent No. 3,940,875 describes a method, however impractical, for
dispensing termite poison in the soil in an attempt to extend the life of the barﬁér type treatment
such that the presence of termites is signalled by the release of an odor when the termites feed

. on the poison. The 875 patent also describes a termite-edibie container ﬁhiéﬁ gives off an odor
when eaten by a termite. In addition to the *875 patent and the Verkerk article referenced above,
other publications describe the use of termite-edible materials as components of schemes to
control termites. For example, Japanese patent application Nos. 61-198392 and 63-151033
describe wooden vessels specifically designed to “attract” termites as part of a monitoring
procedure. The 61-198382 application describes a vessel, preferably made from pine or cedar,
used in an attempt tc; attract termites. The 63-151033 application also uses a wood attractant to
entice termites. In the 63-151033 application, the termites are further exposed to a toxicant which
is then presumably carried back to the nest in hopes of killing the queen via trophallaxis or food
exchange. Neither Japanese application provides any data establishing that the described process
actually has any impact on termite populations. Furthermore, there is no indication that it is
possible to “attract” termites at all. These methods have further important disadvantages. For
example, the wooden inducing body will be subjected to fungal decay before termite attack,
especially in moistened soil. Thus, frequent replacement of the inducing body is needed during



in September. Infestations by this colony were found I n the door and
door-franme of a near by buil ding. Wod weight | ogs—fromrt honi tori ng
devi ces was approximtely 2 g/station/day during RE@M@W fr éh*%g. activity
declined during the winter to approximtely 0.5 |g/fgtatton/day. ee bait
tubes were introduced in February. By April, no termpeaa@tﬁ@?tf as found
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The present invention provides an environmentally safe termite control system requiring

Ve

no complex machinery. The invention provides apparatuses and methods for the monitoring of,
and delivery of a toxicant to, a target pest wherein the apparatuses may be easily and safely
serviced by property owners as well as professional pest management workers. .

Advantageously, the disclosed materials and procedures minimize the risk of exposure to
persons handling toxicants and increase toxicant intake by termites. The methods of the subject
invention can drastically reduce pesticide use in the urban environmei_lt. Moreover, this invention
can be an important part of an Integrated Pest Management (IPM) approach. The first phase of
the IPM can be designed to monitor termite activity. No pesticide need be used until !termite
activity is detected. When activity is detected, the second phase of the IPM can be employed
wherein only a small quantity of pesticide is used to control the entire colony population. Once
control is achieved, the monitoring step can be repeated, as can the control step, if necessary, thus
providing indefinite protection to the structure or agricultural site.

As described more fully herein, there are a variety of methods and apparatuses which can
be utilized to practice the method of the subject invention. The precise methods and apparatuses
which would be optimal for a particular -target pest and environmental setting would be apparent
to a person skilled in this art using the teachings provided herein.

The descriptions and teachings which follow primarily focus on the control of termites.
Specific methods and apparatuses for the control of termites are provided, but variations of these
methods and apparatuses and their applicability to pests other than termites would be readily
recognized and used by a person skilled in this art.

Brief Description of the Drawings

Figures 1a-1d illustrate one embodiment of the invention wherein a single station housing
is used to house a monitoring device and then a toxicant delivery tube. Specifically, Figure 1a
shows placement of the monitoring device into a station pre-positioned in the soil and placement

of a cover over the station; Figure 1b shows termite foraging tunnels which lead to the station and
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B. Toxicant delivery. The objective of the toxicant delivery step is to induce as many

pests as possible from a colony to contact or eat a toxicant. The details of the toxicant delivery

step are herein described as pertaining to termites, particularly. However, as stated above, the

method can also apply to other insects, especially those social insects which live in colonies or

nests and which communicate by chemical signals, ie., pheromones.

The essential elements of a toxicant delivery system comprise the presentation of an active

ingredient (AI) and a suitable carrier (matrix) in a manner that induces the target pest to ingest

or contact the AL The toxicant-containing matrix should be delivered in, on, or above the gmimd

in a manner which minimizes exposure of the environment, applicator, and other non-target

organisms to the toxicant. For example, a suitable matrix can-be a coatable, suspendable,
impregnable natural or artificial food source. The matrix does not need to attract pests, but
should not repel them. The presentation of the matrix (in a station housing, etc.) may induce
p&sté to contact the toxicant. The suitable matrix further can be capable of being formed into a

desired shape for placing or packing into a station housing,

In a preferred embodiment for a non-rigid matrix, the toxicant-containing matrix is placed
within a casing. This casing is different from the station housing and, in fact, facilitates easy
placement of the toxicant-containing matrix into the station housing. Although the toxicant-

containing matrix and surrounding casing are preferably placed into a station housing, the casing
can, alternatively, be made of sturdy material for placement directly into the soil. The casing is
necessary because, in a preferred embodiment, the toxicant-containing matrix has a very high

moisture content and is somewhat amorphous and therefore needs a casing to hold its shape. The
casing also helps to prevent desiccation, and it minimizes contact with the toxicant by the handler -
and facilitates easy removal of the toxicant-containing matrix when the toxicant delivery step is
completed. Furthermore, as described more fully below, the casing can be designed to include or
form a recruiters’ chamber. The casing must permit entry by the target pest; therefore, the casing

must either comprise appiopriate openings or be of a material through which the pests chew or

otherwise create an opening. For example, thin polymeric materials may be used to enclose the

t_oximnt-containing matrix. The toxicant-containing matrix can be enclosed within the casing

somewhat like a sausage within its casing. The use of a polymeric material is particularly

advantageous if that material is of a nature such that it prevents or delays desiccation of the

matrix. Other materials which can be used t0 encase the toxicant-containing matrix include, but
are not limited 1o, cardboard and other cellulose materials, even paper and wax. This method for

packaging the toxicant-containing matrix has the advantage of creating a “dose-pack” which

humans or the eavironment.

precisely provides the appropriate amount of toxicant in a manner which minimizes contact with

Suitable matrices can be formable cellulose-containing materials including, but not limited

10, wood particles or wood flour, recycled paper or cellulose ethers such as methylcellulose,



26 Foraging territory was approximately 1,782 nferr]. Mean_wood wei ght
| oss fromthe 13 station housings with nDnltorlng devi cleggep gﬁ4SH T
g/ station/day. Follow ng the introduction of toxicant- jde] |vprv devi E% at
27 stations in August, the activity was reduced to 0.1 g/stﬁti §7|r
.Septenber. Termtes, however, remained active in statidgnsf i f
Novenber. By Decenber, no termte activity was detecteq ficom.any of th
stations. During the four nonth toxicant-delivery periqgd (August-Decenbef),
a total of 2,997 g toxicant-containing rix and 1, 53%-nag--Alvas_consuned

by this R f'%ﬁgiﬂﬁaﬁoﬁeﬂﬁﬁ%@aﬁ Tsﬁlsmwénbg‘,ng reported that this
was the first time wt ast firve years they did not see the
ternmites swarm ng. REP2R greps ‘f@fﬁﬁ“f%l“@@f‘i‘@&?qﬁéﬁp‘%ﬁé IsffteR PAYE ™ith FARARE- 196
year. |n Mar ciplaft, driémé titel ombring tlj{éaﬂﬁcpmérﬁbmhﬁ emmmg afdybd @ﬁwddéme@laan&i t he

t d B dyed.t t. d f
ol | ect on, O£ BE e BRR Rl RH A oL PR TR I R e R B P B oHle ¢ ne
territory of illﬁ@sébab&n@cbas olberefore,An mrb@twmpamamleaqdrdogglmhtmmbedaﬁvenﬁon
Mar ch- Apri | gﬁtggo&%gqulg%ﬁ@ﬁpgeh%&f Bl Sﬁlﬂl({ﬂ()(%plbé u%ﬁ% ﬁx?laxmground

Assunming this | e remail Ning o eorlglna
t oxi cant - del iSys&qmy %wbgmm%e&\@bemmag@mmmm infgetatian; ispbsatved] over

2.5 mllion term tgsabove-ground désiERE 'n!@ﬂwd“m Fighr8 &, NenR Ghivélddundf sydelth Taft

f or rosans col on has been nonitored in
mprise a station housing which is placed or mounted in or on the wall of a structure. The

station housing can comprise a frame which is designed to simultasieously fit snugly against the
wall and a wooden door frame, a molding, or the like. In one embodiment, the station housing
can enclose a toxicant-containing matrix, substantially as described above, wherein the toxicant-
containing matrix can be packaged in various shapes and sizes, for example, a rectangular box
shape, to facilitate their use with the above-ground system housing. The above-ground station
housing can be substantially open at the side which faces or is mounted against the wall. The side
of the station housing facing outward is closeably open, wherein a hinged lid or a separate lid can
be placed over the opening. The lid serves to pfevent exposure to toxicants by persons
encountering the station housing. The lid can further comprise a locking means to prevent

hd

1%

inadvertent exposure by children or others. The cover can also serve to prevent moisture loss
from the toxicant-containing matrix. Moisture loss can also be prevented by the packaging of the
toxicant, wherein it is preferable to package the toxicant-containing matrix in. a casing which is
edible by térmites. Such casings can be cardboard, paperboard, paper, and the like as described
above. A preferable material for packaging the toxicant-containing matrix is wax-paper due to its
moijsture-retaining characteristics. g

After a station housing is attached to a wall, fence, tree stump, tree trunk, or other
structural member, contact with the termite galleries can be facilitated by drilling a hole through
the structural member into the gallery area. Initially, a cellulose monitoring device may be placed
in the housing. If termites are detected, the monitoring device can be replaced with a toxicant-
containing matrix and collected termites used for recruitment. In case of known termite activity,
a toxicant-delivery device may be placed in the station housing without the placement of a
monitoring device.

In one embodiment, cement or asphalt can effectively act as a station housing. For
example, a hole may be drilled into cement, either inside or outside a structure, to gain access to
the soil below. The monitoring device may then be placed into the drilled hole such that the
device makes contact with soil. The device may then be monitored and replaced with a toxicant-
containing matrix, preferably within a casing, if termite activity is observed. Of course, a station
housing may also be used in this instance by inserting the station housing into the hole drilled in
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(5 g/ st at i onweiagnbject&liins the aeatysisyof vadfence using a completely randomized design (P < 0.05) to
determine the significant difference in matrix consumption between stations with the self-

recruiting procedure and those without.

Results: .

Experiment 1. The foraging population of this R. flavipes colony was estimated at 476,000
in September. Infestations by this colony were found in the door and door-frame of a nearby
building. Wood weight loss from the three monitoring devices was approximately 2 g/station/day
during the summer. The activity declined during'the winter to approximately 0.5 g/station/day.
Three bait tubgs were introduced in February, By April, no termite activity was found in any of
the station housings. A total of 26 g of toxicant-containing matrix was consumed by this termite
colony. The amount of active ingredient (AI) consumed was 3.87 mg. Because of the absence of
termite activity after April, it was concluded that the entire colony of over 400,000 termites was
eliminated by the consumption of 3.87 mg hexaflumuron within two months. -

Experiment 2. The foraging population of this R flavipes colony was esﬁmated at 730,000
in September. This colony was located in a non-residential area. Termite infestations were found
in trees and fallen logs of pine and oaks. From September through the following spring, wood
weight loss from the six monitoring devices was approximately 2 g/station/day. Starting in April,
cleven station housings were used to deliver toxicant-containing matrix. In June, termites
maintained the activity level of 1.8 g/station/day. By July, however, the activity was reduced to 0
g/station/day. During the three months (April-June) baiting period, a total of 122 g toxicant-
containing matrix and 20 mg Al was consumed. No termite activity was recorded in this location
after July. We conclude the 730,000 termites were eliminated by consuming 20 mg of
hexaflumuron.

Experiment 3. Structural infestation of this R. flavipes colony persisted in a two-story
building (approximately 1,500 m?) for at least 3 years. Residents reported annual spring:swarming
from the structure for five consecutive years. Soil termiticide treatments had been done by a pest
control firm annually since the erection of the building in 1986. Despite the soil termiticide
treatments, the foraging population of this R flavipes was estimated at 2,847,000 in May.
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Foraging territory was approximately 1,782 m?

gm

Mean wood weight loss from the 13 station

- " housings with monitoring devices ranged 2-4 g/station/day. Following the introduction of mx:imn.t-
delivery devices at 27 stations in August, the activity was reduced to 0.1 g/station/day in
September. Termjtds, however, remained active in stations in October and November. By
December, no termite activity was detected from any of the stations. During the four month
toxicant-delivery period (August-December), a total of 2,997 g toxicant-containing matrix and
1,539 mg Al was consumed by this R flavipes colony. Residents of the building reported that this
was the first time within the last five years that they did not see the termites swarming. No soil
termiticide treatment was done the following year. In March of the following year, termites were
collected in one of the monitoring devices. Because no dyed termites were found from this
collection, we speculated that a nearby colony might have migrated into the territory of the baited
colony. A mark-recapture program conducted in March-April estimated 260,000 foraging termites
in this new colony. Assuming this is the remaining of the original colony, the toxicant-delivery
program conducted in August-December had eliminated over 2.5 million termites.

Experiment 4. Foraging activity of this C. formosanus colony has been monitored in an
11-story high rise. 'Numerous soil termiticide treatments were done to prevent structural
infestation by this C. formosanus colony. Foraging population was estimated at 1,047,000 in
September. The foraging territory extended to 1,614 m% Mean wood weight loss was 2-4
g/station/day. Foraging activity typically declined in winter but often peaked during summer
months (3-10 g/station/day). Five toxicant-delivery devices were introduced in Apnl. The foraging
-activity was reduced to less than 2 g/station/day, and remained at the same low level until October.
By November, no termites were found in the stations, but slight feeding activity was observed in
a few stations until February. During the toxicant-delivery program (April-February), 847 g of
toxicant-containing matrix and 233 mg Al were consumed by this C. fomwsanus colony. We
concluded the colony of 1.0 million termites was eliminated after consuming 233 mg of

" hexaffumuron over a 10-month period.

Experiment 5. Despite repeated soil termiticide treatments and a fumigation following

the discovery of structural infestations by this C. famwsanus colony in a high rise, foraging activity
' remained strong (mean wood weight loss: 6-10 g/station/day). Activity of this colony did not
decline even in winter months. Foraging population was estimated at 2,431,000 in March. Over
90% of the toxicant-containing matrix of statiops introduced in May was consumed within a
month. Foraging activity in May-July was slightly reduced (5 g/station/day). Subsequently, the
mean wood weight loss was further reduced to near zero in July-October. After November, no
termite activity has been recorded in any of the stations. During the 6-month toxicant-delivery
period (May-November), a total of 89 station housings with toxicant-delivery devices were used.
We concluded that the colony of 2.4 million termites was eliminated by the consumption of 742
mg hexaflumuron,
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concl uded t heABSYRAg1Of hexafl umuron reduced the popul ation size of this
colony froml1l.2 mllion termtes in April to 104,000 the follow ng March.
Exanple 9- Effects of the Self-Recruiting Procedure on Toxicant Bai't
Consunpti on Significantly nore (P < 0.05) toxicant-containing

Matri x was consunmedridsecs o8 pertains 10 materials and methods useful for management of certain

pests. The invention is particularly well suited for the control of social insect pests and,

particularly, termites. The invention concerns unique toxicant-containing matrices as well as
apparatuses for monitoring pest activity and presenting a toxicant. The invention is useful as part

of an Integrated Pest Management Program and can greatly reduce the introduction of harmful

chemicals into the environment.

Fig. 1



housi ngs t hat rece| ved termites collected fromthe nonitoring devices”
(referred to as "self- recruited" bait stations) than stations that were
sinply placed in the holes fromwhich infested deiices were polled ("not
self-recruited” bait stations). In one gxperinent, the mean wei ght of

toxi cant -containing matri x consunmed by C fornosanus fromself-recruited

stations was BSs ghey¢foreabigbly desirbbde tdooee dﬁ"eqtimlys:entﬁ'olrtennhtﬁstm*cbth&ramkemss was

6.5 g/ st a] 9han¥id Whith aHu?éé' tﬁﬁscge Eé?ﬁut@?@ﬁo%ﬁg?@ctsqf i #&g 3 Sef(?osed to the

t oxi cant - cont ali ni ng matri x station recrulted
stati ons maﬁbtwm@hfmweﬂes eayjrapmantab harm hysreduging dhg, amount of ingpeticidepr e

than 1% otsddnand ehichaiffectdbiald MEntoas of térniies igarsloapd from a station
housing, the station was considered attacked by termtes, Using this
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i ncl uded Woppelra part1cu?£‘iy, term?tr(]:d purvi ew of this

According to a first embodiment of this invention, there is provided a method for
reducing or eliminating a population of isopteran insects, said method comprising:

(@) periodically observing a cellulose monitoring device for evidence of isopteran
activity, wherein said cellulose monitoring device is enclosed in a non-biodegradable
station housing; and

(b) replacing the monitoring device with a toxicant-containing matrix in order to
reduce or eliminate the population of said isopterans; wherein said toxicant-containing
matrix is enclosed in said station housing; and wherein said station housing is adapted to
have above-ground accessfbility for monitoring device or matrix replacement during use.

According to a second embodiment of this invention, there is provided a method
for protecting structures or agricultural areas from termite damage by using a pest
management system that comprises:

(a) the use of a durable station housing that can be used interchangeably for the
detection of termites and for the introduction of a toxicant-containing matrix;

(b) the use of a cellulose monitoring device placed within said station housing,
wherein said monitoring device is periodically observed for evidence of termite activity;
and

(c) the use of a toxicant-containing matrix to reduce or eliminate the termite
population subsequent to finding evidence of termite activity; wherein said station
housing is adapted to have above-ground accessibility for monitoring device or matrix
replacement during use.

According to a third embodiment of this invention, there is provided a method for
reducing or eliminating a population of isopteran insects living in a nest or colony, said
method comprising:

(a) capturing an isopteran alive; and

(b) using said captured isopteran in a self-recruitment process by exposing said
captured isopteran to a toxicant-containing matrix in such a manner so that said isopteran

is forced to move through said toxicant-containing matrix and wherein|saiddsoprexsiifils SHEET




applfcation and the scope of the appended cl ai ns.

28 The clains defining the invention are as foll ows: 1. A nethod for
reducing or elimnating a popul ation of isopteran insects, said nethod
conpri si ng: (a) periodically obsegaving a cellul ose nonitoring device

for evidence of isopteran activity, wherein said cellulose nmonitoring

devi ce i s cepabloogbietuming teosaidnesd g rcatbal|befase asid dsopiarars dieg soado facilitate b)

repl aci ng cBB‘ﬁm%’dAﬁB&rtbfb@héP%‘f'sﬁﬁi ffar, Pfﬁb.‘f@?ﬁfiér?%?d Rixfidndrat rix in order

to reduce or elimpate t etﬁopul atron of said Isopterans; wherein said

t oxi cant - cont &cgpr,qigng to a fourth embodiment of this invention, there is provided a method for
increasing the attractiveness to isopteran insects of a toxicant-containing matrix, said ~

method comprising:

(a) capturing an isopteran alive; and

(b) exposing said captured isopteran to a toxicant-containing matrix in such a
manner that said insect is induced to move through the toxicant-containing matrix before
returning to its colony, thus imprinting the toxicant-containing matrix with the colony's
own unique chemical recognition system.

According to a fifth embodiment of this invention, there is provided an isopteran
monitoring device, wherein said monitoring device comprises at least two separable,
interfacing pieces; which pieces remain in contact when said device is deployed during
monitoring, but which pieces are easily separable to remove isopterans without injuring
said isopterans.

According to a sixth of this invention, there is provided a composition for the
control of an isopteran insect living in a colony, said composition consisting essentially
of a cellulose material in association with a toxicant and wherein said composition has
been made more attractive as a food source for said isopteran insect by inducing a live
isopteran insect from said colony to move through said composition before exiting to
return to said colony.

According to a seventh embodiment of this invention, there is provided a station
housing for enclosing either a cellulose device for monitoring isopteran activity or a
toxicant-containing matrix for delivery of toxicant to an isopteran, said housing being
formed from a durable, essentially non-biodegradable material comprising entry points
for said isopterans, wherein said housing is adapted to have above—grouhd accessibility
for monitoring device or matrix replacement during use.

According to a eighth embodiment of this invention, there is provided a kit
comprising a durable station housing for enclosing a cellulose device for monitoring
isopteran activity or a toxicant-containing matrix for delivery of toxicant to an isopteran ;
said kit further comprising one or more of the group consisting of

(a) a cellulose device for monitoring isopteran activity; and

(b) a toxicant-containing matrix; wherein said station housing is adapted to have
above-ground accessibility for monitoring device or matrix replacement during use.

According to a ninth embodiment of this invention, there is provided a A method
for reducing or eliminating a population of termites in a tree or a structure wherein said
method comprises placing a toxicant-containing matrix in or on said structure or tree
wherein said toxicant-containing matrix is enclosed within a durable station housing and
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matrix is enclosed in said station housi ng; and wherein said station
housing is adapted to have above-ground accessibility for nonitoring device

or matrix replacenent during use. 2. The nethod according to claiml,
wherei n said toxicant-containing matri xggonpri ses cellul ose and a toxicant.
3. The met hod according to claim1, wherein said toxicant-containing

mat ri >(§ corwireirafisaid seavion thowsing s ddepted cehdverabdve-ground ackessibilliyeformionfioring

accordi ng 4.0 rei : oxi cant-containing matri x conprises a

t oxi cant %ﬁ%?@%ﬁ%@ﬁﬁﬂoﬁmgé%%i sting of encapsul ated toxicants,

sl ow acting émenpredérredometizon of thecsubject dmyientidn domrospl casifjertheught of as 5. A

nmet hod f or, t4 r ' I f (! mage
cogfggittsﬁngﬁtwggsetﬁig. UPedE B0 QlepS Ghh BUrbrithh 1163 a r?%ﬁk%ﬁ piddeEs g

by using a nt systemthat conp . e use o
dur abl e stiBg itHR YRRIstaRgbe ranductad epncudently; nQuecHsm devabyey Mgpitaring aed/ett i on

of term t edptaridg kapeti peetsibytd meuet wiith dbesandk @iiplythe GSNbPANY PedticEe ! ITis

(b) the u\sﬁfF o% %ice! I 'Eil gse; mni toriﬁr;%égme'yi geg&hacg . W t hi n. sai d cst at isoon

housi ng, UPCHADS 0 dRIEH: the PrGSERogR ipeds, 1o gddirigny; this 108, P Caog L

evi dence dindtionnast # magans \to tegptusnthe pest withputt camsing ethefpest substantiait karmnomi ni ng

Mt ri X t0 §&iuGRe0bf 93151'[9 Q&}\fftﬂ Nen 1R’ Shbliment of the invention wherein pests are
captured, the captured pest is still alive and, preferably, capable of moving, eating, and
producing chemical signals which can attract fellow pests. This step of the process,
wherein the pests are detected or captured is hereinafter referred to as the "monitoring"
step. ,

The other step of the process involves controlling a population of pests once they
have been detected. The pests may have been detected, for example, as a result of the
monitoring step. In the control step of the process, the pests are controlled as a resuit of
ingesting or otherwise contacting a toxicant. The subject invention has been discovered
to be highly effective in controlling even extremely large termite colonies.
Advantageously, the control method utilizes only very small amounts of toxicant, and
this toxicant is applied in a strictly defined and controlled manner to minimize exposure
of the environment to toxicants. The use of toxicant is confined in terms of the very
limited quantity and coverage of the toxicant, and in terms of the period during which
the toxicant is used. Once control is attained, the monitoring step can continue. These
steps can also.-be conducted simultaneously.

Specific carriers of toxicants, such as bait or tracking powder, are aspects of the
subject invention. These carriers are referred to herein as matrices. Also described are
apparatuses for presenting the toxicant-containing matrix to the target pest.

In a preferred embodiment of the invention, the control step of the process can
utilize pests which have been captured in the monitoring step. Specifically, these
captured pests can be used to attract or recruit other pests to the toxicant-containing
maffix, herein referred to as "self-recruitment,” and, in some instances, to deliver
toxicant to a nest or colony of the pests. The
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popul ation subsequent to finding evidence of termte.activity; wherein said

station housing is adapted to have above-ground acces
nonitoring device or matrix replacenent during use. !' ' ” Mﬁm
according to claim5, wherein said statiagn housing is eons

material selected fromthe group consisting of plastic, stal nl ess steel,

and al uni ndthe claims definingthelioverftion areds dollogrsor el i mi nati ng a popul ati on of

i sopteran insegts Wi Mehgdifdr Fedﬁ@iﬁé of ghﬁf?ﬁa‘ﬁH% g)p?%hﬁtlgf% sgpfc\egﬂ?fnﬁéc&pgsald

SI'Ng sai

(a) capturin n i sopteran ali
i sopteran ¥ %H’%s@n? IISE¥F ui t ment process by exposing said captured i sopteran
to a toxicant- (z)nt pdsﬂibd‘@ll&&ibﬁér%ﬁng% ®UEIdsemBRif R ®Qick et ev?@évl&ge bf %Bbfef%ﬁln I's

n-sal
| opt er an Fedy, AR AL it ARLERR e shelosad i S arohiedegandible
i sopt er an #fetien Beusing;taodfacilitate conmunication, to other of said
i sopterans, of (bt)herelp%ﬁfgi 88 nRhnitdAhg dbA! &AR% toxicant-containing matrix in order to
reduce or eliminate the population of said isopterans; wherein said toxicant-containing
matrix is enclosed in said station housing; and wherein said station housing is adapted to
have above-ground accessibility for monitoring device or matrix replacement during use.

2. The method according to claim 1, wherein said toxicant-containing matrix
comprises cellulose and a toxicant. '

3. The method according to claim 1, wherein said toxicant-containing matrix
comprises a solution of Methocel®.

4. The method according to claim 1, wherein said toxicant-containing matrix
comprises a toxicant selected from the group consisting of encapsulated toxicants, slow-
acting chemical toxicants, and biological control agents.

5. A method for protecting structures or agricultural areas from termite damage
by using a pest management system that comprises:

(2) the use of a durable station housing that can be used interchangeably for the
detection of termites and for the introduction of a toxicant-containing matrix;

(b) the use of a cellulose monitoring device placed within said station housing,
wherein said monitoring device is periodically observed for evidence of termite activity;
and

(c) the use of a toxicant-containing matrix to reduce or eliminate the termite
population subsequent to finding evidence of termite activity; wherein said station
housing is adapted to have above-ground accessibility for monitoring device or matrix
replacement during use.

6.  The method according to claim 5, wherein said station housing is constructed
of a material selected from the group consisting of plastic, stainless steel, and aluminum.

7. A method for reducing or eliminating a population of isopteran insects living
in a nest or colony, said method comprising:

(a) capturing an isopteran alive; and

(b) using said captured isopteran in a self-recruitment process by exposing said
captured isopteran to a toxicant-containing matrix in such a manner so that said isopteran
is forced to move through said toxicant—contéining matrix and wherein said isopteran is
capable of returning to said nest or colony before said isopteran dies so as to facilitate

communication, to other of said isopterans, of the location of said toxiczmt:
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29 ~The method, according to claim7, wherein a cellul ose

moni t ori ng de llﬂ mmimmﬂi'ﬂﬁmapture sai d |sopteran and wherein said
toxicant is i a toxicant- containing matrix wherein said

t oxi cant - cont ai ni ng at'ri X further conpgd ses a cellulose material . 9.
A method for increasing the attractiveness to isopteran insects of a

t oxi ;:ant - contsal nmhl n@héd, accsrding ORIAINI7, ngﬁe?ém% Ml(ljllose mon(it@hng Qi@ﬁfcb‘ ri§ ng an
I sopteran _a e sal capture 1 SO
ot cant - Br 1 sAPGE sald, Wﬁf?r)ﬂﬂsaaﬁ ARl St dotinl  Bearopfebit & Prifted o

nmove t hr owghtainig makixc sheredro seidiitoricamt-oudtaining edtrix durtbéruomipriges a detlslos®l ony,
thus inprigfling the toxicant-containing matrix with the colony's own unique

cheni cal recognition system . ) . ) i
A method for increasing the attractiveness to isopteran insects of a toxicant-

containing matrix, said method comprising:

(@) capturing an isopteran alive; and

(b) exposing said captured isopteran to a toxicant-containing matrix in such a
manner that said insect is induced to move through the toxicant-containing matrix before
returning to its colony, thus imprinting the toxicant-containing matrix with the colony's
own unique chemical recognition system.

10. An isopteran monitoring device, wherein said monitoring device comprises at
least two separable, interfacing pieces; which pieces remain in contact when said device
is deployed during monitoring, but which pieces are easily separable to remove
isopterans without injuring said isopterans.

11. A composition for the control of an isopteran insect living in a colony, said
composition consisting essentially of a cellulose material in association with a toxicant
and wherein said composition has been made more attractive as a food source for said
isopteran insect by inducing a live isopteran insect from said colony to move through
said composition before exiting to return to said colony.

12. The composition, according to claim 11, wherein said cellulose material
comprises sawdust, wood flour, or wood particles from a hardwood tree.

13. A casing adapted for use with a station housing according to claim 15 for
holding a toxicant-containing matrix, wherein said casing has entry points for an
isopteran pest or is made of a material into which an isopteran can form an opening.

14. The casing, according to claim 13, wherein said casing forms, at one end, a
recruiters' chamber wherein said recruiters' chamber is formed of material impenetrable
to termites and wherein said recruiters' chamber has a closeably open end to facilitate
placement of live termites and wherein the chamber is positioned so as to induce said live
termites to tunnel through said toxicant-containing matrix in order to exit said recruiters'
chamber.

15. A station housing for enclosing either a cellulose device for monitoring
isopteran activity or a toxicant-containing matrix for delivery of toxicant to an isopteran,
said housing being formed from a durable, essentially non-biodegradable material
comprising entry points for said isopterans, wherein said housing is adapted to have
above-ground accessibility for monitoring device or matrix replacement during use.

16. The station housing, according to claim 15, which further comprises a cover

which extends beyond the edges of said housing.
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10. An isopteran ' ng device, wherein said nonitoring device
conprises at | e%ﬂ”ﬂﬂﬂ[ﬂ%@mﬂlﬁ I nterfacing pieces; which pieces renmain
i n contact when wco o /sidepl oyed during nonitoring, but which pieces
are easily separable to renove isoptera®®s wthout injuring said isopterans.
11. A conmposition_for the control of an isopteran insect living in a

col ony, said ddnpddesiasiondioysing agegrdiag tonelaig) [§, whergincsed covsE COMRIISIS &l in

associ ati did which canttexopeasd 1@ fatilmxepicameny shdcemposi ¢fl A hrnitoee dsvide nore
attractlvenﬁ§ lgt}‘)olod Source for said isopteran insect by inducing a live
isopteranai 2L o¥ERG gﬁﬁaﬂl%fn%?'to nove through said conposition before
exiting to retl8 nThe statiod lwoisingy according 1@ claith el 7¢ ovposin tsaitnlid aompridésngn t o
claim 11, | | | s | AEDEl 8eS u QUr,  or
wood par t I Ly wicinftn Waih mdlEk Ghd fu GEARI] 7 CrmGl e opdPBE L', O
a stati on TRGUES Adoalclecpan Whetedn saidiapl issspeeificallyladapied forrapeniag seiddidhat ai ni ng
mifj“ X% wher ?'1'9, Sfﬂhﬁ étmﬁjnnﬂodﬁiﬂhg, %Bédr&igﬁ% Mgl &imf P% #hich SRBipRiséd al *Ktra&ibr '12
made of a eri i nto which an isopter can form an qpening. ) :
The casi ngviidh il 1% PFSGR 0, ORRUFICy nseldh Mgnliorine, devics, Rl S214 togifentend. a
recrui t er Contaldmbawatrin) dniteion oatofisaichousirger s' chanber is forned of materi al

 penet rabl e Lt ol B Shfiithe ' a1EbR SAloh KRy tb ERelodiP S "R3B ddvice

;
cl oseably open Ené‘ o ) )
for monitoring isopteran activity or a toxicant-containing matrix for delivery of toxicant

to an isopteran ; said kit further comprising one or more of the group consisting of

(a) a cellulose device for monitoring isopteran activity; and

(b) a toxicant-containing matrix; wherein said station housing is adapted to have
above-ground accessibility for monitoring device or matrix replacement during use.

21. A method for reducing or eliminating a population of termites in a tree or a
structure wherein said method comprises placing a toxicant-containing matrix in or on
said structure or tree wherein said toxicant-containing matrix is enclosed within a durable
station housing and wherein said station housing is adapted to have above-ground
accessibility for monitoring device or matrix replacement during use.

22. The method, according to claim 21, wherein said toxicant-containing matrix
is placed in a hole formed in pavement, in the floor of a building, or in a tree.

23. The method, according to claim 21, wherein said toxicant-containing matrix
is made more attractive to termites by use of self-recruitment.
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. in order to exit said recruiters' chanber.

- Aoy G-y
pl acenent of live termtes and wherein the ch nﬁgﬁm%%ﬂiimﬁm‘e sSo as to-

fnduce said live ternmites to tunnel through sai ; afning matrfx

gpcl osing either a cellul ose device for nonitprin |sopteran activity or a
Joxicant-containing matrix for delivery of tokicant to o gptleran, said

“housi- ng being fornmed froma durabl e esséht i non bi odegr adgbl e rrat eri al

Comer LS 19 il VAN AR L B B s AR
repl acenent ehmmunicatior,.to other of 6d xsﬁjneraas af therlodatios oﬁglid wxicantdi ng to claim
15, which furt heAccsm o3 fRufth &R¥&diment of this invention, there is provided a method for
increasing the attractiveness to isopteran insects of a toxicant-containing matrix, said
method comprising:
(a) capturing an isopteran alive; and
(b) exposing said captured isopteran to a toxicant-containing matrix in such 2
manner that said insect is induced to move through the toxicant-containing matrix before -
returning to its colony, thus imprinting the toxicant-containing matrix with the colony's
own unique chemical recognition system.

' According to a fifth embodiment of this invention, there is provided an isopteran
monitoring device, wherein sa2id monitoring device comprises at least two separable,
interfacing pieces; which pieces remain in contact when said device is deployed during
monitoring, but which pieces are easily separable to remove isopterans without injuring
said isopterans.

According to a sixth of this invention, there is provided a composition for the
control of an isopteran insect living in a colony, said composition consisting essentially
of 2 cellulose material in association with a toxicant and wherein said composition has
been made more attractive as a food source for said isopteran insect by inducing a live
isopteran insect from said colony to move through said composition before exiting to
return to said colony.

According to a seventh embodiment of this invention, there is provided a station
housing for enclosing either a cellulose device for monitoring isopteran activity or a
toxicant-containing matrix for delivery of toxicant to an isopteran, said housing being
formed from a durable, essentially non-biodegradable material comprising entry points
for said isopteréns, wherein said housing is adapted to have above-ground accessibility
for monitoring device or matrix replacement during use.

According to a eighth embodiment of this invention, there is provided a kit -
comprising a durable station housing for enclosing a cellulose device for monitoring |

‘isopteran activity or & toxicant-containing matrix for delivery of toxicant to an isopteran;

said housing comprising entry points for said 1sopterans said kit further comprising one
or more of the group consisting of

(a) e cellulose device for monitoring isopteran activity; and
{(b) a toxicant-containing marrix; wherein said station housing is adapted to have
“above-ground accessibility for monitoring device or matrix replacement during use.
- According to a ninth embodiment of this invention, there is provided a A method
for reducing or eliminating a populatior. of termites ina tree or a structure wherein said
method comprises placing a toxicant-containing matrix in or on said structure or tree




30 17. The station housing, according to cljaj ei d cover
" cohmprises a lid which can be opened to facilitat R‘ %ngh%remval of

said nonitoring device and said toxicant-containing trix. |8. The
station housing, according to claim17, wherein|{sdi HMEO%B%l Ke$ an
engagenent nechani sm which nakes the Iid difficyltifor chjildrenjte open or

which requires a tool to open wherein said tooh is specifically afapted for
- opening said lid. 19. The station 8using, according to claijm 15,

whi ch compr lvigRiA i IR ShatheHaladl dALP RIS MAREURRLL AlushETRYZ! O

sai d nDnltorlng dev - con rout of
sai d housi ngvherein sajo statjori housiggpisi sfapieda t@dmabwé)m-wnd] searssibiliyy f for

encl osi g & bl aRideY bl AEIBR Bifidgs S0P eTan act ivily or a
t oxi cant - cont al ni ng gt ri x o?l | ver toxicant to an.isopteran; said

housi ng conpri s#g REAEFHd pr'F'-h?% Jhe Subierti Begstien dhJnoss el ithougiyr ohas

conpri si ng QBRpALingTBHE s@f:s tfmese R RtepP Bl ﬁetﬂegﬂteﬁfto form a xﬁxﬂﬁst@p fdkdsylopse

device for nitorin ctivity

t oxi cant - cortt& e AEP ORM ‘FPUE‘&F@ ¥t a@ﬂ%ﬁtehdﬁ‘éql‘#‘@ m@m@daﬁtaé@@o have
capturing target pests by a means which does not employ the use of any pesticide. This '
step functions to detect the presence of pests. In.addition, this monitoring step can also
function as a means to capture the pest without causing the pest substantial harm or
disturbance of colony activity. In the embodiment of the invention wherein pests are
captured, the captured pest is still alive and, preferably, capable of moving, eating, and
producing chemical signals which cean attract fellow pests. This step of the process,

wherein the pests are detected or captured is hereinafter referred to as the "monitoring"
step.

The other step of the process involves controlling a population of pests once they
have been detected. The pests may have been detected, for example, as a result of the
monitoring step. In the control step of the process, the pests are controlled as a result of
ingesting or otherwise contacting a toxicant. The subject invention has been discovered
to be highly effective in con:zollmg even extremely large termite colonies.
Advantageously, the control method uulxzes only very small amounts of toxicant, and
this toxicant is applied in a strictly defined and controlled manner to minimize exposure
of the environment to toxicants. The use of toxicant is confined in terms of the very
limited quantity and coverage of the toxicant, and in terms of the period during which
the toxicant is used. Once control is attained, the monitoring step can continue. These
steps can also be conducted simultaneously.

. Specific carriers of toxicants, such as bait or tracking powder are aspects of the
subject invention. These carriers are referred to herein as matrices. Also described are
appararuses for presenting the toxicant-containing matrix to the target pest.

In a preferred embodiment of the invention, the control step of the process can
utilize pests which have been captured in the monitoring step. Specifically, these
captured pests can be used to attract or recruit other pests to the toxicant-containing
matrix, herein referred to as "self-recruitment,” and, in some instances, to deliver - '
tOchant to a nest or colony of the pests. The
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*Yuri ng use. 21. A nmethod for reducing or el pmmattng—a-—pepdl ati on of
termtes in a free or a structure wherein said meth?(g g;mqp{gme @l aci ng a
toxi cant - cont ai ni ng matrix in or on said structjurg or tree teiln said

toxi cant-containing matrix i s enclosed wthin g dorapte—stattTon housi ng and
wherein said station housing is adapte 0 havE above- ground acgessibility
for nmonitoring device or matri x replacenent dutThg USE: 227 The
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The station housing, according to claim 17, wherein said lid comprises an
engagement mechanism which makes the lid difficult for children to open or which
requires a tool to open wherein said tool is specifically adapted for opening said lid.

19. The station housing, according to claim 15, which comprises an extractor
which facilitates the placement or removal of said monitoring device or said toxicant-
containing matrix, into or out of said housing.

20. A kit comprising a durable station housing for enclosing a cellulose device
for monitoring isopteran activity or a toxicant-containing matrix for delivery of toxicant
10 an isopteran; said housing comprising entry points for said isopterans; said kit further
comprising one or more of the group consisting of

(a) a cellulose device for monitoring isopteran activity; and

(b) a toxicant-containing matrix; wherein said station housing is adapted to have
above-ground accessibility for monitoring device or matrix replacement during use.

21. A method for reducing or eliminating a population of termites in a free or a
structure wherein said method comprises placing a toxicant-containing matrix in or on
said structure or tree ‘wherein said toxicant-containing matrix is enclosed within a
durable station housing and wherein said station housing is adapted to have above-
ground accessibility for monitoring device or matrix replacement during use.

22. The method, according to claim 21, wherein said toxicant-containing matrix
is placed in 2 hole formed in pavement, in the floor of a building, or in a tee.

23. The method, according to claim 21, wherein said toxicant-containing matrix
is made more attractive to termites by use of self-recruitment.
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