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ABSTRACT In laboratory tests, survivership and tunneling response of
Eastern subterranean termite, Reticulitermes flavipes (Kollar), to termiticide
soil barriers were dependent on active ingredient in the formulation and
termiticide concentration. At 0.5 ppm, Pryfon® (isofenphos), Durshan TC?
(chlorpyrifos), Tribute® (fenvalerate), Chlordane 8 EC® {chlordane), Dragnet®
{permethrin), Torpedo® {permethrin), Prevail® (cypermethrin), and Demon®
{cypermethrin) were ineffective in preventing termites from breaching a 5-cm
wide soil barrier. Performance of these termiticides at 5§ ppm was inconsistent.
In contrast, all were effective at 50 ppm in preventing termite access to a
protected food and aggregation substrate. The termiticides tested were placed
inte three categories based on termite survivership and tunneling response
after 7 d. Cypermethrin did not affect termite survivorship but did reduce
termite tunneling activity after contact with treated soil, Permethrin and
fenvalerate did not affect survivorship or tunneling activity in untreated soil.
Chlordane, chlorpyrifos, and isofenphos affected survivership and reduced
tunneling activity. Termite location and exploitation of untreated gaps within a
termiticide soil barrier appeared to be the result of random termite foraging
behavior.

EEY WORDS Insecta, termiticide soil barrier, tunneling response,
survivorship, Eastern subterranean termite, Reticulitermes flevipes.
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Conventional control tactics for subterranean termites are mainly
preventative. Termiticides applied to soil around the perimeter of a structure
are intended to exclude termites from that structure. This requires application
of a uniform and continuous termiticide soil barrier. Gaps of untreated soil
within a termiticide soil barrier are thought to be one reason for the failure of a
soil barrier treatment (Mampe 1990). Application techniques and equipment are
being tested by the pest control industry to reduce the occurrence of untreated
gaps within soil barrier treatments (Anderson and McMenemy 1991, Mampe
and Bret 1992, Thomas 1993, Thoms et al. 1993). However, questions remain
concerning responses of termites to soil barriers containing gaps of untreated
soil.

1 Accepted for publication 19 October 1993,
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Laboratory evaluations of subterranean termite response to termiticides
have been conducted by a variety of methods. Contact toxicity of treated soils to
termites has been used as a measure of termiticide efficacy (Hetrick 1952, 1957,
Ebeling and Pence 1958). However, because the goal of any soil termiticide
treatment is exclusion of termites, efficacy of a goil barrier could be related to
repellency and/or toxicity of a candidate termiticide. As a result, Smith (1979)
devised a Petri dish assay to elucidate relative repellency of termites by termiti-
cides. Su et al. (1982) emphasized the importance of recording termite behavior
in evaluating termiticide efficacy. They list three criteria a test arena should
provide to test termite response to termiticides, including maihtenance of high
humidity, isolation of treafed and untreated substrates, and observation of ter-
mite behavior. Efforts to observe termite tunneling response in termiticide-
treated substrates have resulted in test arenas which confine the treated sub-
strate within glass tubes, glass sandwiches, or Petri dishes using both technical
grade and commercially-formulated termiticides {(Jones 1889, Smith and Rust
1990, Su and Scheffrahn 1990).

In this study, I evaluated tunneling response of the Eastern subterranean
termite, Reticulitermes flavipes (Kollar), in a larger bioassay arena offering ter-
mites more freedom of movement compared to previous published reports
(Jones 1989, Smith and Rust 1990, Su and Scheffrahn 1990). My tests were
designed to be a microcosm of actual termiticide field applications. Eight com-
mercially-formulated termiticides were tested as soil barriers with and without
gaps of untreated soil. Termite survivorship and tunneling response to these
termiticides were recorded and are reported in this paper.

Materials and Methods

Termites, Reticulitermes flavipes were collected from infested logs found at
the University of Georgia Westbrook Farm near Griffin, GA. Termites were
extracted from logs brought into the laboratory using the technique described by
La Fage et al. (1983). Alates associated with each colony were used to identify
species (Weesner 1965). Eleven different colonies of R. flavipes were used. Ter-
mites removed from logs were maintained in 26 X 19 X 9 cm (L:W:H) clear plas-
tic boxes containing moistened #1 Whatman filter paper and several l-em®
blocks of white pine wood, Termites were maintained in an environmental cham-
ber in total darkness at 24° C for no longer than one month before inclusion in a
bioassay. Only undifferentiated workers and soldiers were used in the tests.

Termiticides. The eight formulations tested were isofenphos (Pryfon”,
Miles Ine., Kansas City, MO), chlorpyrifos (Dursban® TC, DowElanco, Indi-
anapolis, IN), fenvalerate (Tribute®, Rousell Bio Corp, Edgewood Cliffs, NJ),
chlordane (Chlordane® 8 EC, Versicol Chemical Corp., Rosemont, IL), cyperme-
thrin (Prevail® FT, FMC Corp., Princeton, NJ; Demon® 2 EC, ICI Americas Inc.,
Wilmington, DE), and permethrin (Dragnet® FT, FMC Corp.; Torpedo®, ICI
Americas Inc.). Each termiticide was tested at: 0.5, 5, and 50 ppm.

Test Arena/Bioassay. All tests were conducted using 0.3-m* glass terrariums
as test arenas (Fig. 1) which were constructed of 3-mm thick glass with side walls
(15 em high) held together with 100% clear silicone sealant (Dow Corning, Mid-
land, MI} which is rated safe for food contact (FDA Reg. No. 21 CFR 177.2600).
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Fig. 1. Diagram of bioassay chamber and substrate arrangement from trials of
termite response to termiticide soil barriers.

Before each test, arenas were prepared in the following manner: a termite
aggregation substrate (single-faced 3 X 15 ¢m strip of corrugated cardboard) and
food substrate (1-cm® cubes of white pine wood) were placed at opposite corners of
the empty test arena (Fig. 1). The wood cubes were placed approximately 1 cm
apart to provide a space under the aggregation substrate void of seil. The aggre-
gation substrate was rolled around a wooden pencil leaving an 8-mm diam
opening in the center. The opening in the aggregation substrate and void
underneath were for receiving termites. This arrangement prevented termites
from wandering across the soil surface following their introduction into the
bioassay arena. It alse placed termites at the bottom of the glass test arenas
where tunneling activity could be observed.

Termiticide soil barriers were tested as either a complete barrier, which
extended the entire width (30 cm) of the test arena hetween the two aggrega-
tion and food substrates, or as barriers containing 4.5- or 9-cm gaps of untreat-
ed soil in the center, Termiticide-treated soil was positioned within the center of
each arena using clear fiberglass containment units. These containment units
were 8 cm high, 5 em wide, and constructed of 0.75-mm thick fiberglass sheets
held together with 1.9 em wide Scotch Brand Magic Tape (3M Company). Con-
tainment units were of three lengths (30, 12.75, or 10.5 cm) to provide for barri-
ers with no, 4.5-, and 9-cm gaps in the center of the arena, respectively,

With the appropriate containment units in place, arenas were filled to a depth
of 3 cm with autoclaved and oven-dried sandy loam soil {85:5:10, sand:silt:clay)
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brought to 15% {w/w) moisture with distilled water. Commercial formulations of
each termiticide concentration in ppm (g of active ingredient per g oven-dried
soil) were prepared in a volume of distilled water necessary to bring the auto-
claved and oven-dried treatment soils to 15% (w/w) soil moisture. The appropri-
ate volume of termiticide solution was slowly poured into a measured amount of
goil in clear plastic boxes {26 X 19 X 9 ¢cm (L:W:H)] and mixed using a stainless
steel teaspoon until, by visual inspection, an even distribution of soil maoisture
was achieved. Termiticide-treated soil was placed within the containment unit
which was then removed to allow contact between treated and untreated soils.
One termiticide was applied per arena.

Termites (700 undifferentiated workers plus 7 soldiers) were added to the
center of an aggregation + food substrate arrangement using a Kimax glass
funnel (60-mm internal diam). This was termed the introduction site with the
opposite food and aggregation substrate termed the protected site. The number
of termites was decided upon after several preliminary trials without termiti-
cide treatment in which it was found that 700 termites consistently tunneled
from the introduction site to the protected site in less than 30 h (Forschler,
unpublished data). ’

To retard desiccation of the soil, each test arena was placed inside one of two
chambers constructed of 8-mil plastic on a 2 X 3 m wooden frame. Greater than
90% relative humidity was maintaingd in each chamber by a cool water humidi-
fier. Temperatures in these chambers ranged from 20° C at night to 33° C dur-
ing the day throughout the tests.

Data Collection and Analysis. After 7 d, bioassay arenas were removed
from the high humidity chambers, and five separate sets of data were collected.
The bottom of each arena was examined, and the percentage area of the arena
base excavated by foraging termites was visually estimated. Position of the tun-
nels in relation to termiticide barriers also was scored on a scale of 1-5. The
scoring system was as follows: 1 = termite tunnels not to termiticide barrier, 2 =
termite tunnels up to but not into termiticide barrier, 3 = termite tunnels into
but not through termiticide barrier, 4 - termite tunnels through barrier but not
to alternate food and aggregation site, 5 = termite tunnels through barrier or
gap and to the alternate food and aggregation site.

After scoring tunneling activity, soil from each arena was excavated using
garden trowels. First, termiticide-treated soils in the barriers were excavated,
sifted by hand on aluminum baking pans; and numbers of living termites
recorded. Next, untreated soil from the gap area (if present) were examined for
live termites. Finally, soils from the introduction side of the termiticide barrier
and then the protected side were excavated, sifted, and number of living ter-
mites recorded for each area. These data provided total number of surviving
termites and their relative position in the arena after 7 d.

Five different temporally separate trials were conducted. Each trial consisted
of a single termiticide concentration + barrier type combination. Three trials
were conducted at 5 ppm conceniration. These included three different barrier
types: complete, 4.5-, and 9-cm gap barriers. The remaining two trials were con-
ducted at 0.5 and 50 ppm concentrations using a 4.5-crn gap barrier. For each
trial, a replicate consisted of seven or eight arenas, one arena per termiticide.
Each replicate contained termites from a single colony source; all replicates
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were conducted at the same time. In trials ueing a 4.5-cra gap the 0.5 ppm con-
centration was replicated four times, the 5 ppm concentration was replicated
five times, and the 50 ppm concentration three times. Triais conducted using.
the 5 ppm concentration + complete barrier combination were replicated five
tirmes and the 5§ ppm concentration + 9-cm gap combinazion were replicated
three times. Pryfon was not included in the latter test because Miles Inc. Spe-
cialty Products had anncunced plans to phase out t-his termiticide from the
marketplace at the time these tests were planned.

Before analysis, survivorship data were arcsine-trn8{ormed, Data from each
trial were analyzed separately in a randomized corlhlete block design. Data
were subjected to analysis of variance (ANOVA, P = 0.05) with each replicate
blocked for termite colony. Because there were no significant bleck effects,
means were separated using the protected least significant difference procedure
for each trial (SAS Institute 1988),

Results

4.5-cm Gap Barrier Tests, Termites in control arenas located the food
and aggregation substrates by day 7 in all tests and, therefore, yielded a
mean penetration score of 5.0. All termiticides tested at the 0.5 ppm concen-
tration failed to protect the food and aggregation substrates from termite
attack. All but one termiticide tested at this concentration yvielded a mean
penetration score of 5.0 for all four replicates. In one replicate with Demon,
termites breached the barrier in several locations, but by day 7 had not located
the food and aggregation substrate. In contrast, all termiticides provided pro-
tection of the food and aggregation substrate at 50 ppm. Mean penetration
scores for Pryfon (4.0), Tribute (38.8), and Chlordane (2.3) indicate termites
were able to penetrate 5 cm of termiticide-treated soil, but they did not forage
to the protected site. Mean scores for Dursban and Dragnet (2.7), Demon
(2.3), Prevail {2.0), and Torpedo (2.0) indicate that termite tunnels touched or
partially penetrated soil but did not breach the treated soil.

The 5 ppm rate was the discriminating concentration. As indicated by
mean termiticide penetration scores, Pryfon {5.0), Tribute (4.8), and Chlor-
dane (4.5) failed to protect the food and aggregation site in at least four of five
replicates at 5 ppm. Scores for Demon (4.0), Dursban (4.0), Torpedo (3.8), and
Dragnet (3.8} indicate that termites foraged to the food and aggregation site
in one of the five replicates. The Dursban, Torpedo, and Dragnet failures in
the 5 ppm + 4.5-cm gap tests were a result of termites tunneling through the
treated soil. In one Demon treatment, termites exploited the 4.5-em gap of
untreated soil. This was the only observed instance of termites using the gap
of untreated soil to breach a barrier of termiticide applied at 5 or 50 ppm.

Termite survivorship was not affected by any termiticides at the 0.5 ppm
concentration (Table 1). At 5 ppm, only Durshan provided a mortality response
significantly different (#" = 0.13; df = 8, 22; P < 0.05) from the controls (Table 1).
The 50 ppm concentration provided a statistical separation between those ter-
miticides that acts as chemical barriers through contact toxicity or repellency.
This separation is indicated by mean termite survivorship after 7 d in bicassay
(Table 1). Survivorship means of 64% for Pryfon, §7% for Chlordane, and 41%
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Table 1. Mean number (+ SEM) of surviving* Reticulitermes flavipes, by
treatment and termiticide concentration, afier one week in
termiticide soil barrier bioassay, with a 4.5-cm gap of untreated

soil in center of barrier.

Termiticide Concentrationt

Treatment 0.5 ppm 5 ppm 50 ppm
Chlordane 639+ 27A 5341+ 45B 401 + 78 BC
Control 653+ 14 A 602 + 22 AB 628+ 15 A
Demon 626+ 16 A 656+ 58 A 628+ 10 A
Dragnet 62T+ 44 A 591+ 40 AB 636 £23 4
Dursban 626+ 31 A 221+62C 280+ 67 C
Prevail 638+ 40 A 612 +42 AB 685+ 19 A
Pryfon 613+ 37T A 580+ 71 AB 4551+ 51 B
Torpedo 624+ 29 A 630 £ 83 AB 621+ 364
Tribute 624+ 17 A 567 + 22 AB 572+ 35 AB

* Survivers of 707 initially introduced.
t Means within the same column followed by the samie letter are not significantly different using LED
with P < 0.05 (S8AS Institute 1985).

for Dursban were significantly lower (F = 8.61; df = 8, 18; P < 0.001) than sur-
vivorship in the control or other termiticide treatments {81-90%).

Mean percentage area of the arena base excavated by termites decreased
with increasing concentration of termiticide (Table 2). This reduction in tunnel-
ing activity can be partially explained by efficacy of treatments excluding ter-
mites from the protected site in the arenas. Specifically, contact with cyper-
methrin reduced termite tunneling activity without increasing mortality.
Even at the 0.5 ppm rate, cypermethrin showed significantly (F = 1.00; df = 8,
22; P < 0.05) less termite tunneling as compared to the controls (Table 2).

Complete Barrier Tests. Termiticides tested at 5 ppm in complete barri-
ers provided mean penetration scores similar to scores from treatments with
a 4.5-cm gap at the same concentration. The controls, Tribute, and Pryfon all
scored 5.0 (Table 3). Chlordane scored 4.6 and failed in four of five replicates.
The other mean penetration scores ranged from 4.1 for Dragnet to 3.5 for
Demon and Dursban. Pragnet, Torpedo, Prevail, Demon, and Dursban all
failed in one of five replicates to protect the food and aggregation substrate.

As indicated by survivership, Dursban amd Chlordane were the only ter-
miticides to cause significant (F = 16.55; df = 8, 40; P < 0.01) mortality {Table 3).
Mean percentage areas (+ SEM) excavated were similar to 4.5-cm gap + b ppm
trials with the exception of Dursban which dropped to 33.3 + 5.6% compared
to B9 * 14% (Tables 2 and 3).
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Table 2. Mean (+ SEM) percentage area of arena base excavated by
Reticulitermes flavipes, by treatment and termiticide concen-
tration, in termiticide soil barrier bioassay, with a 4.5-cm gap
of unireated soil in center of barrier.

Termiticide Cencentration®

Treatment 0.5 ppm 5 ppm 50 ppm
Chlordane 90+44A 88+13A 20+ 3D
Control 96+ 8 A 88+ BRA . 9+10A
Demon 74+ 7B 35+ 8B 30+ 6CDt
Dragnet 86+ 4 AB b4t 9B 40+ 6BC
Durshan 88+ 3 AB 59+ 148 26 2D
Prevail 73+5B 39+ 7B 21+ 3D
Pryfon 84+0A4A 95+ 4 A 40+ 4 BC
Torpedo 80+ 4 AB 55+ 12B 47+ 3B
Tribute 91+4 A 73+ 4AB 49+ 6B

* Means within the same column followed by the same letter are not significantly different using LSD
with P < 0.05 (SAS Institute 1985).

t Termites utilized the gap of untreated soil te breach the termiticide soil barrer in st least one repli-
cate,

9-cm Gap Barrier Tests. Mean penetration scores for controls was 5.0 +
(. Both Tribute and Torpedo failed to protect the food and aggregation site in
two of three replicates. Dragnet, Demon, and Prevail failed in one of three
replicates because termites found and used the gap of untreated soil. Chlor-
dane and Dursban each failed once even though the gap was not located by
foraging termites.

Dursban was the only termiticide to show statistically lower survivorship
(F = 1.83; df = 7, 16; P < 0.05) compared to controls (Table 4). However, per-
centage survivorship at 5 ppm with Dursban was higher (78%) in the 9-cm
gap tests than in either the complete barrier (24%) or 4.5-cm gap (41%) trials.
Percentage areas excavated were similar to other trials conducted at the 5
ppm concentration (Tables 2 - 4).

Discussion

Foraging patterns of subterranean termites from the genera Reticuliter-
mes, Coptotermes, and Heterotermes are random (Pickens 1934, Su et al. 1984,
Jones et al. 1987). In my bioassay system, this random foraging behavier was
evideniced by the low percentage of arenas in which termites used the gap of
untreated soil to breach termiticide treatments. In trials at 5 ppm concentra-
tion with 4.5-cm gaps in the barriers, termites found and used the gaps to
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Table 3. Mean (+ SEM) number of survivors* and mean percent area of
arena base + SEM excavated by Reticulitermes flavipes, by
treatment at the 5 ppm concentration, afier one week in ter-
miticide soil barrier bicassay with complete termiticide barrier.

Mean number off Mean percent arenat
Treatment termites recovered base area excavated
Chlordane 512+ 61 B ) 65.0+ 84 BC
Control 628+ 18 A BB O0+56A
Demon 591+ 19 AB 48.3+ 40 CDE
Dragnet 522+ 39 AB 640+ 40BC
Dursban 171+ 26 C 33.3+56E
Prevail 616 + 26 AB 45.0+ 3.4 DE
Pryfon 560 £ 19 AB 833+ 7.1A8
Torpedo 548 + 38 AB 66.6 + 3.3 ABC
Tribute 581+ 91 AB 80.0+ 86 AB

* Survivors of 707 initially introduced.
t Means within the same column followed by the same letter are not significantly different using LSD
with F < 0.05 (SAS Institute 1985),

reach protected food and aggregation substrates in 2.5% of the test arenas,
When the gap was enlarged to 9 cm, this percentage increased to 12%.
Although termites assayed at 5§ and 50 ppm concentrations always contacted
treated soil before changing the direction of their tunneling activity, there
was ne indication they purposefully searched for untreated soil along the ter-
miticide-treated soil barrier. Termite contact with treated soil, tunneling con-
tiguous with the barrier and then through the untreated gap, would have
been an indication of purposeful exploitation of incomplete soil barriers.

Several authors have reported relative toxicity or repellency of various ter-
miticides to rhinotermitid species {(Su et al. 1982, Su and Scheffrahn 1990,
Smith and Rust 1990). Of the products I tested, the pyrethroids (Tribute - fen-
valerate; Demon and Prevail - cypermethrin; Dragnet and Torpede - perme-
thrin) acted as repellents in soil. These products did not affect termite sur-
vivorship at any concentration tested. However, the organophosphates (Pry-
fon - isofenphos; Dursban - chlorpyrifos) and chiorinated hydrocarbon (chlor-
dane) could be considered toxic soil barrier termiticides. These termiticides
did not deter termite tunneling into treated soils at any concentration tested,
but all caused termite mortality at 50 ppm concentration. In these assays, no
tunnels were blocked, and termite mortality occurred throughout the arenas,
not just in the treated barrier.
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Table 4. Mean number (£ SEM) of survivors* and mean percent area of
arena base (+ SEM) excavated by Retficulitermes flavipes, by
treatment at the 5 ppm concentration, after one week in ter-
miticide soil barrier bioassay with a 9.0-cm gap of untreated
soil in center of barrier.

Mean number off Mean percent arenat
Treaiment termites recovered base area excavated
Chlordane 594 £ 21 AB 667+ 13.3 AB
Control 636+ 12A 830+ 76A
Demon 644123 A 350+ 126%
Dragnet 599 + 31 AB 43.3 + 10.9 ABf
Dursban 654+ 27 B 50.01 104 AR
Prevail 5911 27 AB 367+ 25Bf
Torpedo 603 £ 18 AB 517+ B3 AB
Tribute 650+ 25 A 600+t 58 AB

* Burvivors of 707 initially introduced.

1 Means within the same column followed by the same letter are not significantly different using LSD
with P < 0.05.

t Termites utilized the gap of untreated soil to breach the termiticide soii barrier in at least one repli-
cate,

Cypermethrin did not affect termite survivorship, but termites showed
reduced tunneling activity in untreated soil after contact with the treated
soil. These results agree with those of Smith and Rust (1990) whe also found
that termite tunneling was reduced. Percentage area excavated in ¢cyperme-
thrin arenas was significantly (F = 1.75; df = 7, 24; P < 0.05) lower than in the
controls, even at the 0.5 ppm concentration, and was consistently 10% less
than other pyrethroids in all trials (Tables 2-4). The reduced tunneling activi-
ty in those treatments could not be explained solely by mortality effects.

Permethrin and fenvalerate did not affect survivorship, and termite tun-
neling activity in untreated soil was not reduced following contact with soil
treated with these termiticides. Tunneling activity was greater in the perme-
thrin- and fenvalerate-treated soil relative to cypermethrin in all trials, with
the exception of the 5 ppm + 9-cm gap tests (Tables 2 - 4). This indicates that
both fenvalerate and permethrin are repellent, but termite foraging behavior
following contact with treated soil is not reduced.

Chlordane, isofenphos, and chlorpyrifos reduced termite survivorship, but
reduced tunneling activity was evident only at concentrations high enough to
produce significant (>35%) mortality by day 7. Termite mortality was, there-
fore, the major factor in reduced termite tunneling activity (Tables 1, 3, and 4).

Smith and Rust (1990} showed no tunneling by R. hesperus at 50 ppm with
either Pryfon (isofenphos), Chlordane, or Durshan (chlorpyrifos), although in
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their tests there was evidence of termiticide movement into untreated soil. Beal
and Smith (1971) reported that R. flavipes tunneled through 5 em of soil treated
with 25 ppm Chlordane, but tunneled only 1.7 ¢cm in soil treated with 50 ppm of
Chlordane. Su and Scheffrahn (1990) reported R. flavipes tunneling was
stopped by technical grade chlorpyrifos and fenvalerate at 8 ppm and Chlor-
dane at 40 ppm.

In my bioassay, R. flavipes tunneled into soil treated with those products at
60 ppm. Although these termiticides were effective in protecting the food and
aggregation substrate, termites tunneled through the barrier in all three isofen-
phos replicates and in one of three Chlordane replicates. The termites did not
tunnel the barrier of chlorpyrifos at the same rate. In my tests with these ter-
miticides, dead termites were found in tunnels throughout the test arenas
including under the introduction site. Despite this mortality, none of these ter-
miticides killed all termites by day 7 (Tables 1, 3 and 4). This indicates that
these products will not eliminate a termite colony in the field. Therefore, as with
the repellent compounds, the remaining colony members would be free to contin-
ue probing and testing termiticide soil barriers over time, if the termite popula-
tion is not adversely affected by the exposure.

Regardless of termiticide, termites always entered seils containing 5 ppm of
the toxicant hefore changing the direction of their tunneling activity. This indi-
cates that termites display avoidance behavior to cypermethrin, permethrin, and
fenvalerate before toxic amounts of chemicals are obtained through contact with
treated soil. In contrast, LDgy's of <1 ppm were obtained in tepical bioassys of
technical grade permethrin, cypermethrin, and fenvalerate (Su and Scheffrahn)
1990). At 50 ppm, termite tunnels contacted soils treated with cypermethrin and
permethrin and tunneled inte fenvalerate-treated soils before tunneling was dis-
continued. This indicates that cypermethrin and permethrin were more repel-
lent than fenvalerate. Su and Scheffrahn (1990) and Smith and Rust (1990)
reported that Reticulitermes tunneling activity was reduced at concentrations of
1 ppm for permethrin and <10 ppm for cypermethrin and fenvalerate. My
resulis showed that »5 ppm was required to elicit a stmilar response.

Differences in termite tunneling response to termiticides between my open
microcosm bioassay and the closed-arena tests of Beal and Smith {(1971), Su
and Scheffrahn (1990), and Smith and Rust (1990} could be the result of sev-
eral factors. Tests reported by Beal and Smith (1971) and Su and Scheffrahn
(1990) were conducted with technical grade materials. It is possible that
assays with formulated product are confounded by termite interaction with
solvents and emulsifiers (Rust and Smith 1993) In addition, different seil
types were used in each of these tests including a sandy loam (Beal and Smith
1971), a sand (Su and Scheffrahn 1990), and river sand {(Smith and Rust
1990} I also used a sandy loam soil. Tests with different soil types indicate
that termite LDy, values, regardless of termiticide, are 10X greater on treated
sand than on sandy loam soils (Forschler and Townsend, unpublished data).

The natural viger and size of individual termites within the same species or
genus also may account for differences in bioassay results. Mean worker body
weight, though not an indication of termite health, may affect test results
because size of the test animal is related to amount of toxicant needed to show
effects. Worker body weight for B. flavipes used in my tests ranged from 3.38 to
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4.25 mgf/termite with a mean of 3.85 mg. The same species averaged 3.0-3.18
mg/termite in Beal and Smith {(1971) and 2.3-2.4 mg in Su and Scheffrahn
{1990).

These differences in findings also may be explained by differences in experi-
mental design. Beal and Smith (1971) and Jones (1990) suggest that tunneling
response of subterranean {ermites to termiticide soil barriers is a function of
population pressure. The ratio of surface area of treated soil to numbers of ter-
mites in my test was 12.7 mm*termite. The ratios of Beal and Smith (1971)
(.63-1.04), Smith and Rust (1990) (3.18), and Su and Scheffrahn (1990) (1.9}
were imuch lower, indicating that termiticide barriers in their tests were sub-
jected to more termite population pressure. In those studies, termites tunneled
less in soils treated with similar compounds at the same rates than in my tests.
This indicates that factors other than treatment surface area to number of ter-
mites affect termite response to termiticide soil barriers.

Finally, because I did not attempt to partition treated and untreated soils,
termiticide movement into untreated soil could explain some of these observed
differences between laboratories. The soil absorption coefficient (K} of a chem-
ical has been related to a chemicals' mobility in soil (MeCall et al. 1980). The
K, values for all termiticide active ingredients tested are >5000 and place
them in the lowest (Immobile) mobility classification of Helling and Turner
(1968). Smith and Rust (1990), however, indicated in their vertical tube assay
that cypermethrin may have moved from treated to untreated zones. I am con-
ducting a companion study to determine if termiticides moved from the treated
zone in my bioassay.

In conclusion, these tests demonstrate termite location and exploitation of
gaps of untreated soil within a termiticide soil barrier are the result of random
termite foraging behaviors, All termiticides tested were effective at the 50 ppm
concentration in protecting the food and aggregation substrate, regardless of
termiticide type and formulation. Fifty ppm is 5-10 times less than the recom-
mended application rates for currently registered termiticides (Su and Schef-
frahn 199¢). Therefore excluding decomposition rates and application tech-
niques, any of the termiticides I tested should provide adequate protection from
termite invasion as long as application provides a complete (unbroken) barrier.
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