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ABSTRACT Chlorfenapyr is a slow-acting insecticide against western subterranean termite,
Reticulitermes hesperus Banks. when applied to sand. The LD, at day 7 for workers is 20.98 ng per
termite and considerably higher than that of chlorpyrifos (14.01), cvpermethrin (3.21), and fipronil
{0.16). Brief exposures to sand treated with chlorfenapyr resulted in dose-dependent mortality over
a broad range of concentrations. Brief 1-h exposures to =75 ppm provided >88% kill of termites at
day 7. Chlorfenapyr deposits did not repel termites, even at 300 ppm. Termites tunneled from 0.1 to
L8 em into sand treated with 10-to 300-ppm chlorfenapyr deposits, resulting in =70% mortality. Within
1 h after being exposed to 50 ppm chlorfenapyr, ~17% of the termites exhibited impaired responses
to synthetic trail pheromone. By 4 h, nearly 60% of the workers were not able to follow a 10 fgfem
pheromone truil. There was a direct lincar relationship of the uptake of ['*C|chlorfenapyr as
concentration and duration of exposure increased. The percentage of chlorfenapyr transferred to
recipients varied from 13.3 to 38.4%. Donors exposed for 1 h transferred a grester percentage of
chlorfenapyr than did doners exposed for 4 h. A 1-h exposure on 100-ppm deposits provided sufficient
uptake to kill 100% of the donors and sufficient transfer to kill 9% of the recipients. There was not
enough transfer for recipients to serve as secondary donors and kill other termites. Horizontal transfer
is limited to contact with the original donor and by the decreased mobility of workers within 4-8 h
after exposure to treated sand. The effectiveness of chlorfenapvr barrier treatments is primarily due

to its nonrepellency and delaved toxicity.
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Barrier insecticide applied to soils is one of the main
strategies to protect structures from subterranean ter-
mites. Insecticides are categorized as repellent, toxic,
and nonrepellent, or nonrepellent with delayed tox-
icity (Su et al. 1982). Repellent insecticides protect
structures typically by repelling foraging termites, and
sublethal exposures to pyrethroid insecticides inhibit
termite tunneling {Smith and Rust 1990). The toxic
and nonrepellent termiticides such as chlordane and
chlorpyrifos kill termites by contact. With slow-acting
insecticides, the level of mortality and the speed of kill
are dependent on concentration (Su et al. 1987).

Chlorfenapyr is an arvl-substituted cvanopyrrole
with broad-spectrum activity against insects and
mites. It is a pro-insecticide being activated by the
oxidative removal of the N-ethoxymethyl group
(Treacy et al. 1994). The pyrrole metsbolite uncou-
ples oxidative phosphorvlation by disrupting the mi-
tochondrial membranes, thus affecting energy pro-
duction and resulting in cell death and death of the
insect or mite. Because chlorfenapyr binds to soil with
a K_. = 11,500 ml/g and has low water solubility, the
potential for leaching in soils is low (Hollingworth
2001), making it an ideal compound for termite barrier
applications.

Although there are a number of publications deal-
ing with chlorfenapyr and insects of agricaltural im-
portance, little has been published on the activity of
chlorfenapyr against household insect pests since it
was registered in 2001. Chlorfenapyr was found to be
an effective nonrepellent barrier treatment against
Pharaoh ant, Monomorium pharaonis (L.), with ants
often relocating nests under treated materials increasing
their exposure and kill (Buczkowski et al. 2005). Outdeor
sprays of chlorfenapyr controlled Argentine ants, Line-
pithema humile (Mayr) (Suoja et al. 2000). Spravs of the
chlorfenapyr provided good control against Gennan
cockroaches, Blattella germanicn (L) (Ameen et al
2000). Soiks treated with 0.5, 0.75, and 1.0% chlorfenapyr
provided at least 5 yr of satisfactory protection against
subtermanean termites in the USDA Forest Service ter-
miticide tests (Wagner 2003).

Because chlorfenapyr is considered to be a nonre-
pellent insecticide, it has the potential for transfer
from exposed to unexposed termites. The insecticidal
activity, repellency, and potential for horizontal trans-
fer of chlorfenapyr were determined against workers
of the western subterranean termite, Reticulitermes
hesperus Banks. Concentrations and exposure times
were determined to ensure that donor termites were
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able to interact with the recipients in transference
studies. Studies were conducted with technical chlor-
fenapyr, technical | V'C] chlorfenapyr, and formulated
chlorfenapyr (Phantom 2 SC). The relevance of the
data in regard to controlling texrmites in treated soils is
discussed, and the implications of horizontal transfer
and control of termites beyond the treated zone are

Materials and Methods

Insects. Termites were collected from colonies on
the campus of the University of California Riverside
over a 9-mo period. Traps consisting of pieces of poly-
vinyl chloride pipe (9.7 cm id. by 150 cm) were
placed in the ground at sites with confirmed termite
activity. The traps were provisioned with rolls of cor-
rugated cardboard (5.0 cm in length by 225 cm in
radius}. Termites feeding on the cardboard were ex-
tracted and transferred to plastic food containers pro-
visioned with moist paper towels (Fort James Corp..
Deerfield, IL). Termites were held for at Jeast 2 wk at
25°C and 100% RH to ensure that the extraction pro-
cess had not resulted in mortality. Undifferentiated
larval termites, the average worker weighing 1.6 — 0.44
mg (n = 30), were used for the bioassays and radio-
label studies.

Termites were dyed for the repetitive stepwise
transfer studies. Approximately 400 termites were
placed in a petri dish (9 cm in diameter) provisioned
with a piece of filter paper treated with 0.5 ml of an
aqueous solution of 0.02% Nile blue (Sigma, St. Louis,
MO). A small vial containing 0.02% Nile blue with a
cotton plug served as a water source. After 7-10 d,
most of the workers had turned a bright blue.

In the radiolabel transfer studies, termites were
marked with a small dot of pink paint (Painty paint
pens, EK Success Co., Clifton, Nj) diluted with ace-
tone |11 {volvol)]. The mark was applied with a
camel's-hair paint brush to dorsum of the abdomen.
Termites were held for 7 d to ensure that the marking
process did not kill the workers.

Insecticides and Treated Sand. Technical grade
(99.3% | AI]} chlorfenapyr, | pymrole-2-''C] chlorfena-
pyr (13217 pG mg™'), formulated chlofenapyr
(Phantom 2 SC}, and technical fipronil {BASF Corp.,
Research Triangle Park, NC) were tested. Topical
applications of technical chlorpyrifos {(Dow Agro-
Sciences, Indianapolis, IN) and cypermethrin {91.5%,
FMC Corp., Princeton, NJ) were tested in 1990 against
western subterranean termites. Technical insecticides
were dissolved in acetone, and suspensions with the
chlorfenapyr 2 SC were mixed in water.

Sterilized play sand (Oglebay Norton Industrial
Sands, San Juan Capistrano, CA) was selected because
of its uniform particle size and light color. The light
color aided in determining the distance that termites
tanneled in the glass tubes.

Topical Bioassay. To determine the intrinsic insec-
ticidal activity of insecticides, workers were treated
with acetone solutions of serially diluted chlosfenapyr,
were deposited with a 27-guage needle in a glass tuber-
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culin syringe (BD Biosciences, Rutherford, NJ). Precise
application was made with an Isco model M microup-
plicator {Instramentation Specialties, Seward, NE).

Workers were carefully picked up with specimen
forceps, and a 0.3-ul microdroplet of insecticide was
placed on the dorsum of the abdomen. The droplet
was allowed to dry for =30 s, and then the termites
were placed in a plastic petri dish lined with a piece
of moist paper towel. The petri dishes and termites
were held in a chamber maintained at 100% RH. Ten
termites were treated with each concentration, with a
minimum of three replicates per concentration. The
number of dead termites was counted daily for 7 d.

The data were analyzed by probit analysis (Rob-
ertson and Preisler 1992) by using the Polo program
{LeOra Software, Menlo Park, CA).

Brief Exposure Tests. Worker termites were briefly
exposed (1 and 4 h) to sand treated with chlorfenapyr
to determine its contact activity. Aliquots of 100 g of
sand were placed in petri dish bottoms (9 cm in di-
ameter) and treated with serial dilutions of aqueous
chlorfenapyr 2 SC to provide 1, 10, 50, 75, 100, and
200 ppm deposits (wt:wt). Excess water was applied to
ensure the sand was uniformly treated and was fre-
quently stirred with a glass stirring rod. The dishes
with the treated sand were placed in a fume hood and
allowed to dry for 24-48 h. .

Approximately 1.2 ml of sand was placed in the
bottom of a small plastic petri dish (3.5 cm in diameter,
BD Bioscences, Franklin Lakes, NJ). The sand was
lightly moistened with 1 ml of water. Ten termites
were confined on the treated sand for 1 or 4 h. The
termites were removed and placed in a plastic petri
dish provisioned with a disk of moist paper towel. The
petri dishes were held in a chamber maintained at
100% RH. The number of dead termites was counted
daily for 7 d. Five replicates were tested for each
concentration and exposure.

The data were used to determine the Kaplan-Meier
survivorship percentiles (SPs) for each concentration
with a Kaplan-Meier survival function test (Statistix
2005; Analvtical Software, Tallahassee, FL). This test
accounts for right-censored data or individuals not
dead at the termination of the test. It also permits
different treatments to be compared with one another.
The percentiles with confidence interval (95%) were
compared with concentrations and exposure periods
on survivorship.

Repellency Tunneling Studies. To determine the
distances that termites tunneled into sand treated with
chlorfenapyr, workers were placed into sections of
glass tubing (9 mm i.d. by 15 am in length) filled with
treated and untreated sand. A piece of cotton (1.8 cm
in length) was loosely plugged into the bottom end of
each tube. Each tube was filled with 7.5 cm of treated
sand and a 3.9-em layer of untreated play sand. The top
of the tube was plugged with a rubber stopper (#000).
A line was marked on the glass tubes with permanent
marker where the untreated and treated sand met.
The controls were packed with untreated sand. The
stopper was removed, and =1.5 ml of water added to
the untreated sand in each tube was drawn through
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Fig. 1. Diagrasamatic flowchart of the
chlorfenapyr deposits for 1 b

the treated section with a vacuum, producing a slight
dampuess to the entire sand colunm. The tubes were
inverted and rested on the stopper.

Twenty worker termites were introduced in the
bottom of each tube (39 cm of untreated play sand)
along with a piece of paper toweling to serve as food.
The termites have an instinctive tendency to tunnel in
the tubes. The distance tunneled was recorded after
2 d. The tubes were carefully broken, and the number
of dead termites was counted. The live termites were
transferred to a smaller petri dish (3.5 cm in dizneter)
provisioned with a moistened disk of brown paper towel
and held at 100% RH. The namber of dead termites was
counted 1 and 7 d after breaking down the tubes. The
distances tunneled by termites were snalyzed with a
Kruskal-Wallis test, and means were separated by an
all pairwise comparison (Statistix 2005).

Movement Bioassays. To determine the effects of
chlorfenapyr on the movement of termites, workers
were briefly exposed to treated deposits (30 and
100 ppm) for 1 h and then tested for their responses
to the synthetic trial pheromone. The sand was moist-
ened with deionized water. Two hundred termites
were confined to the treated sands in petri dishes and
placed in a plastic container (43 by 30 by 18 cm,
Rubbermaid Inc.. Wooster, OH) maintained at 100%
RH. Humidity indicator strips (Sud-Cheme Perfor-
mance Packaging Colton, CA) were taped to the walls
of the container to ensure it was maintained at 100%
RH. After 1 h, the termites were gently transferred to
a smaller petsi dish (3.5 cm in diameter) provisioned
with a moistened disk of brown paper towel. Termites
were tested after 1, 4, and 8 h after being exposed.

slcpwisehans&rstmﬁeswhhdyedternﬂtes.lniﬁaldmmexposedmﬁﬂmm

A synthetic compound (3Z6Z.8E-do-dectrien-1-ol)
thought to serve as a trail pheromone was dissolved in
acetone. Two 12-cm parallel lines exactly 2 cm apart
were drawn with 2 no. 3 pencil on a piece of fiker
paper (125 om in diameter, Whatman no. 1, Whatman
International, Maidstone, England). One 10-cm line,
exactly 1 cm from the end of the penciled line, was
treated with the trail pheromone with a 10-ul syringe
(Hamilton Co., Reno, NV) at a rate equivalent to
10 fg/ cm. The other line was treated with acetone. A
single termite was placed at the end of each line. The
time required for the termite to transverse the 10-cm
trail was determined. Each trail was only tested once.
Thirty termites were tested per concentration and
length of time after the exposure. The travel times
were categorized as follows: 0-10 s, 11-15 s, 16-20 s,
21-255, 26-30 s, and >30 s,

The distribution of times required to transverse the
10-cm trace at each time period after exposure were
analyzed with an r x ¢ test of independence using the
G-test (Sokal and Rohlf 1969).

Insecticide Transfer Studies. To determine whether
lethal amounts of chlorfenupyr are transferred from
one worker (donor) to another (recipient), donor
termites were initially exposed to treated sands for 1 h.
The sand was treated at 50, 100, 150, and 200 ppm. The
10 donor termites were removed from the treated sand
and placed in a plastic petri dish (3.5 cm in diameter)
provisioned with a piece of moist paper towel and 10
untreated termites dyed with Nile blue.

The donor and recipient termites were placed in a
chamber at 100% RH, and the number of dead donor
and recipients (blue) termites was counted at day 1,
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2, and 7. Each exposure period and concentration was
replicated three times.

Repetitive Transfer Studies. To determine whether
chlorfenapyr could be stepwise transferved from do-
nors to recipients several times after a single exposure
(cascade event), a series of donor and recipient pairs
of worker termites were tested {Fig. 1). Five lots of
10 termites that were selected and placed in a petri
dish {35 cm in diameter) and maintained at 100% RH
for 14 d sexved as untreated controls. Initially, 25 Jots
of 10 workers were exposed to 50 ppm chlorfenapyr on
sand for 1 h. Five Jots of exposed termites were ran-
domly selected and placed in plastic petri dishes pro-
visioned with a piece of moist paper towel and held at
100% RH chamber for 7 d to serve as a control for
exposed donors. Twenty lots of 10 workers (donor 1)
were mixed with 20 Jots of 10 blue-dved termites
(recipient 1) and placed in petri dishes provisioned
with a disk of moist paper towel and placed in a 100%
RH chamber. After 24 h, five lots of 10 termites were
randomly selected, and the donor 1 and recipient 1 (blue
tenmites) were placed in separate petri dishes with a
moist paper towel. The termites weve maintained at
100% RH for 7 d. After the exposure, the recipient ter-
mites in the remaining 15 Jots served as donor termites
and were allowed in turn to mix with other “recipients”
as described above. This was reiterated four times so that
the last recipients would have received )
after three transfers from the original donor. This alter-
nating of dyed and undyed termites continued until all
the original 25 lots of termites were used (four transfers).
The number of dead donor and recipient tenmites was
counted daily. The data were analyzed by a two-way
analysis of variance {ANOVA).

Radiolabel Studies. To study the uptake and hori-
zontal transfer of chlorfenanpyvr, serial dilutions of tech-
nical chlorfeanpyr mixed with ['C] VT in ac-
etone weve prepared so that adding 10 pl of 0171
mGi/ml [ “*C]|chlorfenapyr resulted in 002, 0.1, 015, 2.0,
and 4 0 me/ml. Exactly 10 ml of each solution was applied
to 20 g of sand to produce 10, 50. 75. 100, and 200 ppm.
Aliquots of 5 g of treated sand were placed into plastic
petri dishes (50 amn in diameter). Approximately 1 ml of
deionized water was added to each dish.

To stady the uptake of radiolabeled chlorfenapyr,
75 texmites were transferred to each of three petri dishes
containing sand treated with 10 ppm chlorfenapyr. The
petri dishes were covered and transferred to a phistic
container maintained at 100% RH. Homidity indicator
strips were taped to the sides of the chamber to ensure
that the chamber remained at 100% RH. Five termites
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per replicate were removed from the petri dishes after 1,
2, 4, 8, 14, and 18 h. The termites were placed in 20-ml
glass scintillation vials, and 100 ja) of 15.8 N nitric acid was
added to digest the termites. After 24 h, 10 ml of Cyto-
scint scintillation fluid (ICN Chemicals, Costa Mesa,
CA) was added to each vial, and the vial was vigorously
shaken. After 1 h, the samples were counted in a scin-
tillation counter (Beckman LS 3801). Each sample was
counted for 1 h or until the disintegrations per minute
(dpm) had a o value = 2.

To determine the amount of chlorfenapyr trans-
ferred to the recipients, donor termites were exposed
to sand treated with ["*C]chlorfenapyr for 1 and 4 h
at five concentrations (10, 50, 75, 100, and 200 ppmn).
Donor termites (n = 75) were placed in each petri
dish (5.0 cm in diameter by 0.9 cm) containing treated
sand, sufficient numbers for three replications for each
concentration. Untreated termites (vecipients) were
marked by applying a small drop of pink paint (Painty
paint pens, EK Success Co.) diluted with acetone [1:1
(vol:vol} | and applied with a camel's-hair brush to the
dorsal side of termite abdomens. After 1 and 4 b, five
exposed termites (donors) from each replication were
transferred to a new plastic petri dish {35 ¢m in
diameter by 1 cm) provisioned with a disk of moist-
ened brown paper towel and five marked untreated
termites (recipients). Petri dishes were transferred to
a plastic container and maintained at 100% RH. To
determine the amount of chlorfenapyr transferred to
recipients after 7 d, five donor and recipient tenmites
were placed in separate 20-ml glass scintillation vials
and analyzed for ["'C]chlorfenapyr as described
above. The amount of chlorfenapyr on donors and
recipients was determined, and the percentage of
chlorfenapyr transferred was determined.

The amounts of [ *C]chlorfenapyr picked up by the
donors and recipients were analyzed with linear re-
gression (Statistix 2005). The percentages of chlorfe-
napyr transferred from donors to recipients duta were
analyzed with a two-way ANOVA, and means were
separated with a Tukey’s honestly significant differ-
ence (HSD) test (Statistix 2005).

Results

Topical Bioassays. Topical applications of 20.98 ng
per termite provided 50% kill of termites at day 7
{Table 1). The fipronil was =187 times more active
than the chlorfenapyr, with 0.16 ng producing 30% kill
in 7 d. Chlorfenapyr was also less active than chlor-
pyrifos and cypermethrin, two termiticides that were
widely used in the 1990s.

Talde 1. lImtrimsic imsccticidal activity of cllesfemapyr and ! other ineceticides (nanograms pes termite) against R. hesperas
workess
Insecticide ” Slope + SEM LD, (95% CI) LDy (95% CI}
Chiorfenagny %0 5393+ 1313 20.96 (26.671-34.084) 56.77 (45234-101 595)
Chlerpryvifos 900 670 + 04992 1400 (31.491-15.776) 24.67 (20.695-0.017)
Cypermethrin 696 321 o354 28] (1665-4157) 9.15 (5.416-10.397}
Fipronil 190 242 + 0530 0.16 (0.090-0221) 0.75 (0.461 31305}

* Termites yeceived applications of 0.3 pl of each dilstion in acetone. The pumber of dead termites was counted at day 7.
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Table 2. Brief 1k exp of R. hesy o namd trested Table 4. Mertality and average distance tumeled by K. kes-
with chierfenspyr (25C) perus workers im sand treated with chlorfenapyr (25C)
% tevnutes dead after Conen % mortality of termites Ave distance
Conen Survi i som S{.1* o X
exposure Pearship function () {(opm)” Day0 Dayl Day3  tumneled {oo)®
(ppen} Doyl D5 D7 {99% CX) ot day 7
; P
- 300 96 99 100 025ab
200 4 2 94 0058 (0.0360-0.0945) 250 54 88 91 02ah
100 54 B 4 55 0120 {D.0665-0.2070) 100 7 92 97 024,
re 45 54 9% 0.020 (0.0102-0.0300) ¥t 50 65 74 aib
0 & 2 [ 08 (0.2245-0.40651 ) 50 ™ 89 97 1.5
10 (1] 10 2 0.796 (0.6797-0.8751) 10 50 %6 70 b
1 4 8 18 0.524 {0 7052-0.9010) Untreated L] ¢ 0 6.3
0 0 0 0961 {(0.5704-0.9589)

Five rephicates of 10 termites exposed for 1 b to treated sand. Tests
were conducted 5 January 2005 Kaplan-Meier survival fumction test
detexmines the probability of survivors at day 7 {Statistix 2005).

Brief Exposure Tests. One-hour exposures of ter-
mites on sand treated with 73-200 ppm chlorfenapyr
provided 88-98% mortality at day 7 (Table 2). The
survivorship fanction SP,,, was not significantly dif-
ferent for 75- and 200-ppm deposits. Exposure to 50
ppm chlorfenapyr produced =~68% Lill within 7 d and
the SP,,, = 0.308. Exposures to concentrations <10
ppm were not significantly different from the controls.

Four-hour exposures to deposits =50 ppm provided
100% kill of termites within 7 d (Tuable 3). Within 24 h,
deposits as low as 10 ppm produced >350% Lill. Even
4-h exposures to as little as 1 ppm chlorfenapyr pro-
vided 84% kill at day 7 and the SP,,, = 0.178.

Repellency Tunneling Studies. Even sand treated
with as little as 10 ppm chlorfenapyr provided 50%
kill of workers on the day when the tubes were ini-
tially broken down. By day 3 after the tubes were
broken down, significantly meore termites were killed
in all treated sands compared with the control tubes
{H = 2048, df = 6, P < 0.0001). Termites tunneled
short distances (0.1-1.8 cm) into the treated sands
(Table 4), whereas the termites tunneled significantly
further in the untreated sand than they did in 10. 75,
and 100 ppm chlordfenapvr (H = 2432 . df = 6, P <
0.0001 ). There was no consistent pattern of tunneling
in any of the treated sands with most of the replicates
not having any tunneling,

Movement Biocassays. Within 1 h after the brief
exposure to the treated sand, there was no significant

Table 3. Brief 4-h exp of R. kesperns o samds |
% teymites dead after
Conen exposure Survivarship Function S{,}*
(ppm) (95% CX) ot day 7
" Davl Day3 Day7
200 L~ 100
100 &0 100
™ 54 100
30 9% 9P 100
10 [ 2 9% 0.0 (0.0204 0.6719)
] 4 50 54 Q175 {00005 0.2977)
& 10 12 0857 (0775709967}

Five replicates of 10 teymites exposed for 4 b to treated vand. Tests
conducted 23 Felaruary 2005. Kaplan Meder survival function test
detexmines the probabslity that 10% sorvive of day 7 {Statistix 2005).

“ Tests conducted 3 February 2005. Fwnety termites ie each of five

replicates.
* Means followed by the same letter are not significantly different
at P < 0.05 {Kruskal-Wallis all-pairwise comparison).

change in the termites locomotion on the pheromone
trails (Fig. 2; G = 5.808, df = 5). After 4 h, there was
a significant decrease in locomotion (G = 57.806, df =
3, P < 0.05), and none of the workers completed the
trail in <10 s and 60% required 16 s. After 8 h, none
of the termites completed the pheromone trail in
<155 (G = 46252, df = 5, P < 0.05), and 80% of the
termites required >30 s.

With the 1-h exposures on 100 ppm, none of the
termites completed the trail within 10 s. Approxi-
mately 77% of the termites required 11-15 s to com-
plete the trail, and 23% of the termites required 16—
20 s. There was a similar distribution of responses
between 50- and 100-ppm exposures at 4 and 8 h.

Transfer Studies. Sufficient amounts of chlorfena-
pyr were picked up by donors exposed for 1 h to 100-,
150-, and 200-ppm deposits to kill 100% of the workers
by day 7 (Table 5). Sufficient amounts of chlorfenapyr
transferred from donor termites exposed to 150- and
200-ppm deposits to produce 100% kill of recipients by
day 7. Exposures to 50 ppm chlorfenapyr-treated sand
provided ~50% kill of both donors and recipients at
day 7.

Repetitive Transfer Studies. The 1-h exposure of
workers to 50 ppm chlorfenapyr-treated sand pro-
vided 78 and 96% kill at day 1 and 7, respectively
(Table 6). After mixing with the dyed recipients for
24 h, only 4% of the recipients died. By day 7 after
mixing, 68% of the recipients were killed. When the
recipients of the first transfer were mixed with un-
treated termites, 22 and 70% of the donor termites
were killed at day 1 and day 7, respectively. The
recipients of the second and third transfer were not
killed.

Radiolabel Studies. There was a direct linear rela-
tionship between concentration and the amount of
chlorfenapyr picked up by termites exposed for 1 h
(v =103 + 1.T3x; df = 1, 3; P = 0.0023; R® = 0.96) or
4h (y = 7451 +1.92x; df = 1, 3; P = 0.028; R®> = 0.79)
on treated sand (Fig. 3).

When donors were exposed for 1 h, there was a
linear relationship between the amount of chlor-
fenapyr picked and transferred and the concentra-
tion of the treated sand (Fig. 4). Donors picked up
["“Clchlorfenapyr (y = —8.37 + 1.05x: df = 1. 3;
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Fig 2. Effect of a I-h exposure to sand treated with 50 ppm chlorfenapyr on the responses of workers to trail phero-

mones.

P = 00005; R = 098) from substrates about
twice as fast as the recipients picked it up from the
donors (y = —4.08 + 049x;: df = 1. 3; P = 0.0004;
R = 0.99).

When donors were exposed for 4 h, the amount of
chlorfenapyr picked up and transferred was directly
related to the concentration of the treated sand
(Fig. 5). Donors picked up and retained considerably
more chlorfenapyr (v = —42.98 + 1204x;df = 1,3 P=
0.0055, R* = 0.93) than did the recipients (y = —3.06
+ 059x; df = 1. 3; P = 0.0002; R* = 099).

The percentage of chlorfenapyr transferred from
the donars to the recipients was significantly greater
when the donors were exposed for 1 h (F= 953 df =
1, 18; P = 0.0064). There were significant differences
between concentrations {Table 7, F = 1383, df = 4, 18;
P < 0.0001).

Discuassion

In our studies, we waited until 7 d to determine the
topical activity of insecticides against termite workers.

Table 3. Pescemtage of martality of dower and recipients ter-

It is extremely important with nonrepellent and slow-
acting insecticides to wait for latent effects to manifest
themselves. Ibrahim et al. (2003) reported that the
LDy, values for fipronil against Formosan subterra-
nean termite, Copiotermes formosanus Shiraki, were
293, 2.34, and 1.33 ng per termite at days 1, 2, and 3,
respectively. It is likely that this would have been
much lower at day 7. Considering that C. formosanus
workers are ~30% larger than B. hesperus, their cal-
culations were very similar to ours if the amount of
fipronil is divided by the average weight of the termite.
Chlorpyrifos and cypermethrin were ~21 and 10.7
times more active than chlorfenapyr (Table 1). The
topical applications represent the minimal amount of
insecticide that must be taken up by a termite or
transferred to another termite to kill it. Consequently,
=30 ng of chlorfenapyr must be taken up by a termite
or transferred to provide 50% kill in 7 d.
Chlorfenapyr is a slow-acting insecticide. Su et al.
(1987) defined slow-acting insecticides as those killing
90% of the treated individuals within 14 d, producing
a broad effective lethal time 90%. Our brief exposures

Table 6. Repetilive transfer of ddurfenapyr betwees warkers

mites after o wese expased 1o samd d with chdorfemapyr  afler domors were initially exposed 1o 50 ppm chilorfesapyr for 1 b
(2SC)far 1 ke
% tenmites dead”
% mortality of d (D} and recip LY Exposure Transfer Day 1 Day 7
Concn Day ¥ Day 2 Dy 7
{ppm)} z — il D R D B
D R D R o) R
i 4] ke 9%
200 = 48 50 &6 100 100 1 s 4 b 23 &5
150 2 26 88 2 100 100 2 23 0 0 1]
190 50 12 64 b 100 96 3 Q 0 2 8
30 1] [1] 45 1] E 44 4 0 0 10 4
Untreated (1] 4 0 8 5 16  Untreated L] 2
The test was conducted 4 May 205. Ten donar s 10 recipients 2 D. donor: R. recipient. The recipients become the donors in the
were tested per each of five replicates per concentration. next transfer.
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Fig. 3. Uptake of |'*C)chlorfenapyr by termites exposed to deposits for 1 and 4 h.

tests to chlorfenapyr resulted in dose-dependent mor-
tality over a broad range of concentrations. Even with
4-h exposures, the mortality was dose dependent. The
delay in toxicity permits movement of workers and
social activities such as grooming and trophallaxis to
occur. For example, exposure to fipronil barriers per-
mitted L. humile to recruit nestmates for neardy 2 h,
exposing greater numbers of ants (Soeprono and Rust
2004). In contrast, Su et al. (1982) reported that ter-
mites avoided dead and decaying termites that had
been killed by fast-acting toxicants by sealing them off
in tunnels. In addition, Swith and Rust (1990) re-
ported that sublethal exposures of 5 min to pyrethroids

T T

50 200

such as bifenthrin and cypermethrin immobilized ter-
mites and inhibited tunneling behavior for 12 h.
Exposure studies were conducted with concentra-
tions ranging from 1 to 200 ppm chlorfenapyr to de-
termine the rates required to demonstrate horizontal
transfer among termites. Brief exposures tests indi-
cated that 1-h exposures to concentrations >30 ppm
chlorfenapyr provided rapid kill of workers, limit-
ing the possible transfer of toxicant. Consequently,
50 ppm was selected for the transfer studies. Exposures
for 1 h provided ~48-68% mortality at 7 d {Tables 2
and 5) when only 10 termites were exposed. When 250
termites were exposed to 30 ppm chlorfenapyr, 74—

200 a = donor, y =-8.37 + .05 x,

-+ recipient, y= 408+ 049x

ng chiorfenapyr/tarmite

Conecn (PPM)

Fig 4. Amount of {*C|chlorfenapyr 7 d after douors and recipients were mixed together. Douors initially exposed for

1h
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Fig. 5. Amount of |"*C]chlorfenapyr 7 d after domors and recipients were mixed together. Donors initially exposed for

4 h

78% were killed at day 7 (Table 6). The higher mor-
tality may be a result of increased contact and transfer
between termites when 230 termites were exposed
together.

The label-recommended rate of 15.1 Jiter of 0.25%
chlorfenapyr applied to a trench (3.05 by 0.305 by
0.15 m) provides ~197.4 ppm to the soil. Applications
of 1.0 and 2.0% chlorfenapyr in both concrete slab and
ground board studies have provided up to 7 vr of
protection {Wagner et al. 2004). If the toxicants pen-
etrated the soil only 5.1 em. the deposits would be
2.826 and 5652 ppm, respectively. Contact studies
with sands treated with 50 ppan represent a biologi-
cally relevant exposure, especially aged treatments.
This is important in determining whether horizontal
transfer of insecticides might play a role in controlling
termites under field conditions.

Table 7. Amtount of chlorfenapyr (nanegrane: pes termite) 7 d

after d o iy d sogetier awd pervestage trams-
ferred Grom dwsery o recipients
Donor Dounor Bocipaent.
?"““P Ep Ax(*SD)  Awi=SD) *
L ™ vetermite oeftermite U
200 1 W82 > 2023 048 + 545 313
4 3934 + 3058 11535 + 1563 22 8be:
100 3 915 + 21.38 400 +912 03
4 1367 £ 323 553 + 981 290a
¥i:3 1 T+ 514 HE + 3T 365
4 35+ 2113 461 +934 34
50 I £5 + 260 172+23 4
4 £10+1073 25+ 329 32.4aby
10 1 n1+2asn 35+ 090 255
4 25+ 573 36+ 015 133¢

Donors were exposed either 1 or 4 b,
* Concentraiion followed by the sumne letter e not significantly
different at P < 0.05 {Tukey's HSD).

Horizontal transfer of chlorfenapyr killed recipi-
ents when donors were exposed to concentrations
=50 ppm. Only a single lethal transfer occurred, re-
cipients not being able to trunsfer a lethal dose to
another termite. As the concentration of chlorfenapyr
increased, the amount picked up by donors increased
in a linear manner. Approximately 30% of the chlor-
fenapyr was transferred to the recipients in 24 h.

Two factors that influence possibility of horizontal
transfer are repellency and mobility of tenmites after
exposure. R. hesperus workers did not avoid sands
treated with chlorfenapyr and even tunneling in de-
posits as low as 10 ppm provided >70% kill of workers.
Tunneling was limited, however, because extended
exposures to chlorfenapyr kLilled termites in 2 to 3 d.
In contrast C. formosanus avoided tunneling in soils
treated with pyrethroids, resulting in reduced contact
and kill {Su et al. 1993), whereas contact with soils
treated with nonrepellent organophosphates such as
chlorpyrifos and fenithrothin killed termites.

Within 4 h after exposure to 50 ppm chlorfenapyr,
termite movement significantly decreased. The num-
bers of termites unable to follow the pheromone
trail increased dramatically. Within 24 h, ~50-75% of
these termites were dead. The toxicity and its effects
on locometion reduced the likelihood that exposed
termites might be able to return to nests, especially if
they are more than a few meters from the treatment.

Potter and Hillary (2001) suggested that nonre-
pellent termiticides such as fipronil might kill termites
away from the treated area. Kard (2001) also reported
a decline in teymites in untreated control plots near
fipronil treatments. These two reports have been
frequently cited as support for the concept of perim-
eter onlv treatments for termite control. Even though
chlorfenapyr is transferred horizontal at biologically
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relevant doses, our data would suggest that this is
probably not the primary means of controlling sub-
terranean termite infestations. Because chlorfenapyr
is nonrepellent, lethal doses are readily obtained by
workers. Locomotion is affected within 4 h, and it is
unlikely that many workers successfully return to
nests. The distance from the nest to the treatment
becomes extremely important. For example, if a workey
exposed to 30 ppm deposit for 1 h were to immediately
return to the nest it might be able to move ~I5m in
the next hour before the toxic effects slow it down.
However, this termite will only be carrving enough
toxicant to kill one other termite. Of course, that is
assuming that the termite can travel as fast in the
tunnel as it can on a flat piece of paper treated with
trail pheromone.

The success of the chlorfenapyr as a termite barrier
is probably related to its nonrepellency and delayed
toxicity. Foraging termites continue to contact these
barriers and are killed. Horizontal transfer may play a
role when the chlorfenapyr deposits have aged to
around 50 ppm or less, allowing teymites sufficient
time to interact with nestmates before toxicity occurs.
There is a dvnamic relationship between the inherent
toxicity of an insecticide, the exposure dose, the ex-
posure time, and the onset of toxicity that dictates the
likelthood of horizontal transfer. Other factors that
might influence this relationship in nataral conditions
are the type of substrate treated and the species of
termite. Additional research is warranted to deter-
mine how these factors might influence horizontal
transfer and impart control under field conditions.
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