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ABSTRACT The anal gland secretions of ants in the subfamily Dolichoderinae contain ter-
penoids that are known to have insecticidal properties. The repellency and toxicity of whole-
body extracts and chemical fractions of such extracts from the dolichoderine ant Ochetellus
glaber (Mayr) to Coptotermes formosanus Shiraki (Isoptera: Rhinotermitidae) were examined.
Extract-treated sand caused significant termite mortality in a direct-exposure assay. Termites
were also repelled by extract-treated sand and the chemical repellency lasted for at least one
month in treated sand. The principal repellent components of O. glaber secretions were de-
termined to be cis,trans-and trans,cis-isomers of dolichodial in a 3:1 ratio.
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SUBTERRANEAN TERMITES ARE the greatest single
cause of damage to wooden structures in the Unit-
ed States. It is estimated that damage caused by
subterranean termites reaches $1-$2 billion an-
nually (Hedges 1992). In Hawaii, estimated costs
to control infestations and repair damage caused

~ by the Formosan subterranean termite, Coptoter-

mes formosanus Shiraki, exceed $60 million each
year (Yates and Tamashiro 1990). Formosan sub-
terranean termites are also serious pests in the
southern gulf states (Su and Scheffrahn 1986), and
they have recently been discovered in California
(Atkinson et al. 1993).

There has been great interest in the develop-
ment of naturally produced chemicals as alterna-
tives to synthetic insecticides for use in pest con-
trol programs. The search for natural products has
focused primarily on plant allelochemicals such as
azadirachtin (Schmutterer 1990, Scheffrahn 1991,
Grace and Yates 1992); however, insects also pro-
duce an arsenal of chemical weapons that could be
potentially useful in pest control (Blum 1981). For
example, ants produce compounds that repel other
ant species (Scheffrahn et al. 1984, Andersen et al.
1991). Allelochemicals were effective in disrupting
foraging by 2 ant species, Linepithema humile
(Mayr) (Shorey et al. 1992) and Formica aerata
(Francoeur) (Shorey et al. 1993).

" Although certain ant-produced chemicals are
known to. be toxic to termites in topical applica-
tions (Clement et al. 1986, 1988; Escoubas and
Blum 1990), little attention has been given to
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their potential as tools for the management of ter-
mite populations. The anal gland secretions of
ants in the subfamily Dolichoderinae contain ter-
penoids that are known to have insecticidal prop-
erties (Cavill and Houghton 1974, Cavill et al.
1976, 1982). We examined the toxicity and repel-
lency of secretions of the dolichoderine ant Och-
etellus glaber (Mayr), formerly Iridomyrmex, in
treated sand. ' '

In previous research, we found that termites
were prevented from tunneling through sand treat-
ed with O. glaber extracts in an indirect-exposure
tunneling assay. (Cornelius and Grace 1994). In
this assay, termites were placed in a container filled
with untreated sand and were allowed access to a
tunneling arena filled with extract-treated sand.
Because termites were repelled by contact with -
treated sand, they generally remained in the con-
tainer with untreated sand and did not penetrate
through the treated sand in the arena. Therefore,
termite exposure to treated sand was limited and
there were no effects on termite mortality in this
indirect-exposure assay. We examined the effect of
extract-treated sand on termite mortality in a di-
rect-exposure assay where termites were confined
to containers with treated sand for a continuous
exposure. We also conducted experiments to de-
termine the longevity of the repellent effect of the
extract on termite tunneling behavior in an indi-
rect-exposure bioassay. The principal repellent
components of O. glaber secretions were isolated
and the identities of the active components as de-
termined using behavioral assays were confirmed
by gas chromatography/mass spectrometry and nu-
clear magnetic resonance techniques.
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Materials and Methods

Termite and Ant Collections. Formosan sub-
terranean termites were collected on the Manoa
campus of the University of Hawaii using a trap-
ping technique described by Tamashiro' et al
(1973 in which foraging termites were collected
in boxes constructed of Douglas-fir (Pseudotsuga
mengziesii [Mirb.] Franco) lumber. :

Because O. glaber frequently invaded our ter-
mite collection traps, ant colonies were readily col-
lected from these traps and maintained in the lab-
oratory at ambient conditions (23-25°C) in uncov-
ered plastic boxes (30 by 16 by 8 cm). The sides
of the boxes were coated with liquid teflon (Fluon,
Northern Products, Woonsocket, RI), to prevent
ants from escaping. Each box contained a 4.5-cm
diameter plastic petri dish with a layer of plaster-
of-paris in the bottom and a red cellophane-cov-
ered lid to provide a suitable nesting site for ants.
Ants freely moved through the hole in the lid.
They were provided with a constant supply of wa-
ter from a water-filled, 55-ml polystyrene vial (60
by 35 mm diameter) which contained small holes
in the sides of the container and was positioned
upside down in the ant box so that ants could col-
lect water droplets when needed. Each box also
contained a cap of a plastic Falcon test tube (17
by 100 mm) filled with honey. Freshly killed. ter-
mites were added to boxes for protein approxi-
mately once a week. Ant colonies collected in the
field comprised hundreds of workers, several
queens, and brood.

Toxicity of Ant Exiract in Direct-Exposure
Tests. Extracts of O. glaber workers were made by
soaking ants in dichloromethane for 24 h. Silica
sand (Silica 5151 [fine granular silicon dioxide],
Fisher Scientific, NJ) was treated with O. glaber
extract to concentrations of 250, 62.5, 25, 6.25, and

2.5 ant equivalents per gram of sand or with sol-

vent alone. The sand was allowed to dry for 1 h to
evaporate the solvent. For each bioassay, 2 g of
sand were placed in a plastic Falcon test tube (17
X 100 mm). Sand was moistened with 150 ul of
distilled water and 30 C. formosanus workers were
placed in each test tube, Termites were in direct,
continuous exposure with treated sand for the du-
ration of the experiment. The tubes were capped,
placed in an unlit temperature cabinet (28°C, 80%
RH) for 24 h, and termite mortality was recorded.
For the 2 lowest concentrations (6.25 and 2.5 ant
equivalents), separate series of replicates were also
evaluated after 48 h. In each test, there were 10
replicates (30 termites per replicate) of both ex-
tract- and solvent-treated sand. Percentage mor-
tality data of were transformed by the arcsine of
the square root and compared using a ¢-test (SAS
Institute 1987).

Repellency and Longevity of Ant Extract in
an Indirect-Exposure Tunneling Bioassay. An
indirect exposure tunneling bioassay (Grace 1991a,
Grace et al. 1992) was used to evaluate the effect
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of “aged” sand treated with arit extract on termite
tunneling behavior. Ants were soaked in dichloro-
methane for 24 h. Two grams of silica sand were
treated with 500 ul of extract (applied by pipette)
at concentrations of 250 ant equivalents per gram
of sand. .

As in our earlier study (Cornelius and Grace
1994), the assay apparatus had 3 compartments:
(1) a plastic, 15-dram vial containing 17 g of un-
treated sand, 3 ml water, and a 1.5 by 2.5 cm
length of wooden tongue depressor (Puritan No.
25-705, Hardwood, Guilford, ME) as food; (2) a
glass sandwich, or tunneling arena, containing the
treated sand, and (3) a plastic 15-dram vial also
containing 17 g of untreated sand, 3 ml water, and
a 1.5 by 2.5 cm length of wooden tongue depressor

as food. The sandwichlike tunneling arena consist- -

ed of 2 glass microscope slides (2.5 by 7.5 cm)
spaced 3-4 mm apart and secured in a horizontal
upright position on a long edge by silicone rubber
sealant (General Purpose Clear Sealant, Dow
Corning, Midland, MI) to a 3rd flat glass slide as
a base. The ends of the tunneling arena were
sealed with plastic spacers and silicone caulking,
with a 1.5 cm long Tygon tube at the base of each
end of the sandwich leading into the base of 1 of
the 2 55-ml polystyrene vials (60 by 35 mm di-
ameter), Each compartment was connected serially
by 1.5°cm lengths of 5 mm diameter Tygon tubing.

The extract-treated sand (2 g) was allowed to dry
for 1 h to evaporate the solvent; then poured into
the tunneling arena. The top edge of each tunnel-
ing arena was sealed with plaster-of-paris and 100
termites (90 workers and 10 soldiers to approxi-
mate natural caste proportions) were placed in one
of the adjacent vials. Termites were placed in a vial
with untreated sand and allowed access to a tun-
neling arena filled with treated sand. Therefore,
termites were able to avoid continuous, direct ex-
posure to treated sand in this bioassay. In the Ist
experiment, the top edge of each tunneling arena
was sealed with plaster-of-paris and left at ambient
conditions (23-25°C) in the laboratory for 10 d be-
fore termites were added. In the 2nd experiment,
the extract treated sand was poured into the tun-
neling arena and left exposed at ambient condi-
tions in the laboratory for 10 d before being sealed
with plaster-of-paris. In the 3rd experiment, the
top edge of each tunneling arena was sealed with
plaster-of-paris and left at ambient conditions in
the laboratory for 30 d before termites were add-
ed. In each experiment, after termites were added,
the vials were capped with plastic lids containing

small air holes and the 3-chamber apparatus was

placed in an unlit temperature cabinet (28°C, 80%
RH). The cumulative distance penetrated by ter-
mites through the sand barrier in the arena was
measured daily for 10 d. Termite mortality was also
recorded after 10 d. In each experiment, there
were. 6 treated and 6 control replicates (100 ter-
mites per replicate).

s
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Total tunneling distances in the treated versus
control arenas were compared after 5 and 10 d
using a t-test (SAS Institute 1987). Percentage
mortality data after 10 d were transformed by the
arcsine of the square root and compared using a ¢-
test (SAS Institute 1987).

Chemical Analysis. Ant extracts, obtained by
steeping 500 O. glaber workers in dichloromethane
(1 ml), were subjected to analysis on a HP5989 gas
chromatography/mass spectrometry (GC/MS) en-
gine outfitted with a narrow bore 1 um DB-1 30
m capillary column (80-23°C at 4°/min). GC injec-
tor and detector temperatures were 225 and
250°C, respectively. EI ionization was accom-
plished at 70 eV and CI at 50 eV with methane as
the reagent gas. Fractionation of the crude extract
was accomphshed by %)reparatlve thin layer chro-
matography (TLC) (Alltech 500 wm silica gel GF)
using hexane-ethyl acetate (2:1) as developing sol-
vent or by using column chromatography over sil-
ica gel (Merck) (230—400 mesh) with dichlorome-
thane as eluent. Similar column aliquots, based on
analytical TLC analysis and spot visualization with
p-anisaldehyde spray reagent (Stahl 1969), were
combined into 9 fractions labeled A-I. Fractions
were reanalyzed using gas chromatography (GC)
on a Shimadzu GC-8A gas chromatograph
equipped with a wide bore DB-1 capillary column
(15 m by 0.53 mm) (80-210°C at 8°/min) and a
flame ionization detector (injector and detector
temps same as above). Nitrogen (20 ml/min flow
rate) was used as carrier gas.

Proton and carbon nuclear magnetic resonance
(NMR) spectra were recorded using a GE QE-300
spectrometer operating at 300 MHz for proton and
75 MHz for carbon. Deuteriochloroform was used
as solvent.

Behavioral Responses of Termite Soldiers to
Chemical Fractions of Ant Extract. Seven chem-
ical fractions and a solvent control were each ap-
plied to a termite worker (2 ul per termite), killed
by freezing and washed in dichloromethane. Ter-
mite soldiers were used in this bioassay because
they were more responsive than workers to differ-
ences in extracts of different ant species in our
previous research (Cornelius and Grace 1994).
Also, we had insufficient sample material to test
the responses of both soldiers and workers to frac-
tions. A termite soldier, collected from the same
colony as the dead worker, was gently transferred
© to a 4.5-cm diameter glass petri dish with a wood-
en stick and allowed to acclimate for 1-2 min.
Generally, within 1-2 min, the termite soldier
would begin to walk around the edge of the dish.
An extract-treated termite worker was then placed
along the edge of the petri dish on the opposite
side from the soldier. After each trial, the dish was
rinsed with methanol and water and dried.  For
each trial, a new termite soldier and a new extract-
treated worker were used. There were 25 repli-
cates for each fraction, except for fraction C, of
which there were only 15 replicates because of in-
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sufficient sample material. The behavioral re-
sponses of termite soldiers to chemical fractions
were recorded as described below.

Soldiers of C. formosanus showed 4 distinct re-
sponses which were scored as follows: (1) Avoid:
Soldier avoided contact with the termite worker by
backing up and walking in the opposite direction
or by walking around it without making contact;
(2) No response: Soldier showed no response after
making tactile contact with the test insect. Contact
with the test insect did not elicit either an aggres-
sive or alarmed behavioral response; (3) Open
mandibles: . Soldier opened its mandibles after
making tactile contact with the test insect; and (4)
Attack: Soldier attacked the test insect by snapping
at it or grabbing it in its mandibles.

For each trial, observations were made on the
first 2 encounters and the encounter eliciting the
highest score was recorded. Thus, termites had to
avoid contact with the test insect in both encoun-
ters in order for the interaction to be scored as
avoidance and termites had to encounter the test
insect twice without eliciting any aggressive re-
sponse in order for the interaction to be scored as
no response.

Repellency of Active Chemical Fraction to
Termite Workers. The chemical fraction (E) con-
taining the cis,trans- and ¢rans,cis-isomers of dol-
ichodial was isolated as described above. Silica
sand (Silica 5151 [fine granular silicon dioxide],
Fisher, NJ) was treated with fraction E to concen-
trations of 3.12, 6.25, 12.5, 25, 50, and 100 ug per
gram of sand, or with dichloromethane alone and
allowed to dry for 1 h to evaporate the solvent.
One gram of sand was placed in a plastic Falcon
test tube (12 X 75 mm). Sand was moistened with
50 pl of distilled water and 30 C. formosanus work-
ers were placed in each test tube. The tubes were
capped and placed in an unlit temperature cabinet
(28°C, 80% RH) for 72 h. There were 20 replicates
(30 termites per replicate) of the following con-
centrations: 3.12, 6.25, 12.5, and the solvent-treat-
ed controls. There were 10 replicates of the 3 high-
est concentrations, 25, 50, and 100 ug per gram of
sand. Termite penetration into the sand was mea-
sured daily. Termite mortality after 72 h was also
recorded. Percentage mortality data after 72 h
were transformed by the arcsine of the square root
and compared. using an analysis of variance (ANO-
VA) (SAS Institute 1987).

Results

Toxicity of Ant Extract in Direct-Exposure
Tests. At concentrations of 250 and 62.5 ant equiv-
alents per gram of sand, there was 100% mortality
in all replicates after 24 h (Table 1). At a concen-
tration of 25 ant equivalents, mortality was signif-
icantly greater than in controls (P < 0.0001) and
termites that were still alive were immobilized. At
concentrations of 6.25 and 2.5 ant equivalents,
there was no difference in mortality between treat-
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Table 1. Toxicity of O. glaber extract-treated sand to
C: formosanus workers after 24 or 48 h exposures

Extract con- Length of % mean mortality?

. P>t
centration® exposure  Treatment Control
250 24 h 100.0 = 0.0 2.0+ 074 0.0001°¢
62.5 24 h 100.0 = 0.0 0.3 £ 0.33 0.0001¢
25 24 h 776 £ 850 1.3+ 088 0.0001¢
6.25 24 h 13054 10050 066
6.25 48 h 123 £ 340 4.0 * 097 0.04¢
2.5 24 h 10050 16 *+089 052
2.5 48 h 53322 40=x129 070

@ Ant equivalents per gram of sand.

b Mean + SEM.

¢ Differences between treatments and controls are significant at
P = 0.05 (¢ test).

ment and controls after 24 h. However, there was
a significant difference between treatment .and
control mortality for the 6.25 concentration after
48 h (Table 1). Termites in treatment tubes ap-
peared to be slower and less active than controls
after 24 h. Also, extract-treated sand appeared to
have a repellent effect at all concentrations tested.
Termites in treatment tubes remained on top of
the sand and there was no evidence of tunneling
into treated sand, whereas termites readily tun-
neled into solvent-treated (control) sand.

Repellency and Longevity of Ant Extract in
Indirect-Exposure Tunneling Bioassays. In all 3
tunneling experiments, termites were repelled by
extract-treated sand for at least 5 d. However,
there was no significant difference in the distance
tunneled by termites through extract-treated or
solvent-treated sand after 10 d (Table 2). Although
termites were initially repelled by treated sand,
there were no significant differences in mortality
between treatment and control replicates (Table

_2).

Identification of Extract Components. Gas
chromatographic analysis indicated that the crude
whole-body extracts of O. glaber contained 2 major
components in =3:1 ratio, which were shown to be
‘isomeric. by GC/MS. Both components showed a
MH" ion of m/z 167 using the CIMS, while exhib-
iting almost identical fragmentation patterns in the
EIMS, although the major isomer showed an M*
ion at m/z 166, while the minor isomer showed a
stronger (M-1)* ion at m/z 165. .

Initial purification of a crude 500 ant extract us-
ing preparative TLC provided an active fraction
(E) which contained only the more abundant com-
pound observed by GC (Table 3). The 'H NMR
spectrum included signals for 14 protons, while the
proton decoupled ®*C NMR spectrum contained
10 Signals (203.4, 194.6, 149.8, 135.0, 60.1, 40.0,
34.4, 33.5, 30.1, and 20.5 ppm), consistent with a
monoterpene structure having a molecular formula
of C;yH40,y. The existence of 'H and 3CNMR
signals for 2 aldehydes (9.54[s] and 940 [d, J =
2.7 Hz]; 194.6 ppm and 203.4 ppm, respectively],
a terminal alkene (6.27 [d, ] = 1.45 Hz] and 6.11
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" Table 2. Mean distance £ SEM penetrated by C. for-
mosanus workers through sand in a 7.5-cm long tunnel-
ing arena treated with a dichloromethane extract of O.
glaber at a concentration of 250 ant equivalents per
gram of sand

E Distance penetrated, cm % mean
eriment .
P Day 5 Day 10 mortality
10-d delay 1¢ .
Treatment 2.5 % 0.64 55+ 0.8 19.8 + 49
Conttol 7.5 + 0.04 75 *+ 0.0 8.6 27
10-d delay 2° '
_ Treatment 32 * 1.04 53 * 2.5 120 = 1.0
Control 7.5 + 0.04 75+ 0.0 10.5 = 2.4
30-d delay”
Treatment 1.6 x 0.5¢ 56 * 09 121 + 14
Control 75 + 0.04 7.5 = 0.0 12:5 + 1.8

@ Extract-treated sand was poured into the tunneling arena and
the top edge of each tunneling arena was sealed with plaster-of-
paris and left for 10 d before termites were added.

b Extract-treated sand was poured into the tunneling arena. Af-
ter 10 d, the top edge of each tunneling arena was sealed with
plaster-of-paris and then termites were added.

¢ Extract-treated sand was poured into the tunneling arena and
the top edge of each tunneling arena was sealed with plaster-of-
paris and left for 30 d before termites were added.

4 Differences between treatments and controls are significant at
P = 0.05 (t-test).

[s]; 135.0 and 149.8 ppm], and a secondary methyl
group (1.08 [d, | = 7.0 Hz] ppm) match that re-
ported in the literature for the cyclopentanoid
monoterpene cis,trans-dolichodial (Cavill and Hin-
terberger 1960, 1961, Pagnoni et al. 1976).

A 2nd dichloromethane ant extract was purified
using column chromatography over silica gel. A
single active fraction (E) was obtained; however,
instead of containing a single compound, cis,trans-
dolichodial was obtained together with the 2nd
compound observed in the GC/MS analysis as a 3:
1 mixture. The 'H NMR of the mixture indicated
that the isomeric metabolite contained all of the
same structural units as dolichodial, including 2 al-
dehydes (9.73 [d, ] = 3.0 Hz] and 9.49 [s] ppm),
a disubstituted terminal alkene (6.29 and 6.00
ppm), and a secondary methyl group (1.03 [d, | =
7.2 Hz] ppm), allowing it to be identified as

Table 3. Percentage of C. formosanus soldiers re-
sponding to TLC fractions of 0. glaber extract applied
to dead C. formosanus workers (2 ul per insect) (25 rep-
licates per fraction)

% responses

Fraction
Avoid  No response  Open mandibles Attack

Solvent 4 60 24 12
A 16 24 36 24
B 8 12. 60 20
C 53 0 27 20
D 16 40 32 12
E 92 8 0 0
F 16 8 28 48
G 8 12 32 48
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Table 4. Percentage of replicates in which termites
penetrated into sand treated with different concentra-
tions of active TLC fraction (E) of O. glaber extract

% replicates penetrated by

termites % mean

ppncentration“ mort alityb
24 h 48 h 72'h
Control (20) 100 100 100 1.8 = 28
3.12 (20) 100 100 100 06 + 78
6.25 (20) 75 100 100 21+ 29
12.5 (20) 80 100 100 11+ 24
25  (10) 50 100 100 06 +78
50 (10) 0 30 40 1.3 + 1.7
100 (10) 0 20 40 46 + 3.9

@ ug of fraction E per gram of sand.

b Mean * SD percentage mortality after 72 h. Means are not
significantly different (P = 0.05). (F = 1.27, df = 6, P = 0.27,
~ ANOVA).

trans,cis-dolichodial (Cavill and Hinterberger
1960, 1961, Pagnoni et al. 1976).

Behavioral Responses of Termite Soldiers to
Chemical Fractions of Ant Extract. Soldiers
avoided contact with workers treated with TLC
fraction E in 92% of trials, indicating that this frac-
tion contained a repellent compound (Table 3).
However, soldiers also avoided contact with work-
ers treated with fraction C in 53% of replicates.
Hence, there may be other components of the ant
extract contributing to its repellency to termites.
Also, termite soldiers attacked workers treated
with fractions F and G in 48% of replicates. There
were significantly more attacks on workers treated
with these 2 fractions than on the solvent control
(¥ =17.7,df = 1, P = 0.005), indicating that these
fractions could potentially contain components
which elicit an aggressive response from termite
soldiers. : .

Repellency of Active Chemical Fraction to
Termite Workers. After 24 h, termites remained
on top of the sand and did not tunnel into the sand
in any of the replicates treated with 50 or 100 ug
of fraction E, and termites tunneled into the sand
in only 5 out of 10 replicates treated with 25 ug
of fraction E per gram of sand (Table 4). After 48
h, termites tunneled into the sand in all replicates,
except for those treated with either 50 or 100 ug
of fraction E, in which less than 50% of replicates
were penetrated. There were no differences in ter-
mite mortality among the different treatments af-
ter 72 h (Table 4).

Discussion

The use of monoterpenes for chemical defense
is a relatively common strategy among certain
groups of insects. Both the cis,trans- and trans,cis-
isomers of dolichodial have been previously isolat-
ed as the components of the whole body extracts
of a number of Dolichoderus and Iridomymrex
species of ants (Cavill and Hinterberger 1960), of-
ten along with other monoterpenes such as irido-
myrmecin and iridodial. Cis,trans- and trans,cis-
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dolichodials have also been isolated from the plant
Teucrium marum (Pagnoni et al. 1976) and the

trans, trans-isomer was isolated from the Argen-
tine ant Linepithema humile (Cavill et al. 1976).
Furthermore, a compound named anisomorphal,
which is thought to be identical to trans,cis-doli-
chodial (Pagnoni et al. 1976), was isolated from a
stick insect Anisomorpha buprestoides (Meinwald
et al. 1962). Although the chemistry of O. glaber
is not novel, it is interesting that the cis,trans-iso-
mer is typically found in greater abundance than
the trans,cis-isomer, although the latter is appar-
ently favored thermodynamically, as demonstrated
by base catalyzed equilibrium (Pagnoni et al.
1976). ‘ .

Dolichoderine ants most likely secrete terpenes
as a defense against other ant species (Blum 1981).
Cis,trans-iridodial, isolated from the dolichoderine
Forelius foetidus (Buckley), acts as a repellent to 2
other ant species, Solenopsis maniosa and Crema-
togaster californica (Scheffrahn et al. 1984). Re-
sults of this study demonstrate that the cis,trans-
and trans,cis-isomers of dolichodial are repellent
to C. formosanus. Termites did not tunnel into
sand treated with 50 or 100 ug of dolichodial at all
for 24 h and termites in only 40% of replicates
tunneled into sand after 72 h. Even after a 30-d
delay, termites tunneled a significantly shorter dis-
tance through extract-treated sand than through
solvent-treated sand over a 5-d period. In previous
research, we found that termites tunneled a sig-
nificantly shorter distance through extract-treated
sand at the same concentration for at least 10 d in
the absence of a delay between treatment and the
addition of termites (Cornelius and Grace 1994),
indicating that the repellent component of the ex-
tract had undergone some degree of volatilization
or degradation during the delay. Termites also ap-
pear to habituate to the extract since they tunnel
a greater distance each day of their exposure.

Termites that were continuously exposed to ex-
tract-treated sand suffered significantly greater
mortality than controls; however, extract-treated
sand had no effect on mortality in the indirect-
exposure bioassays (Cornelius and Grace 1994). In
these tests, we observed that termites generally
only contacted extract-treated sand briefly and
then returned to the vial containing untreated
sand. Therefore, direct exposure to ant semi-
ochemicals was quite limited. Termites only suf-
fered mortality when they were confined in con-
tainers with relatively high concentrations of ant
extract.

The toxicity and repellency of O. glaber semi-
ochemicals to subterranean termites suggest that
ant compounds could potentially be useful in ter-
mite control. Repellency is considered to be an
important characteristic of soil insecticides and the
ability of termites to tunnel through treated soil is
evaluated when determining the efficacy of ter-
miticides (Su et al. 1993). In the direct-exposure
tests, termites avoided tunneling through dolicho-
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dial-treated sand even at the lowest concentration
(2.5 ant equivalents per gram of sand). Chemical
stability is also very important and the results of
this study demonstrate that the repellent compo-
nent of O. glaber extract will remain active in sand
for at least a month. However, it would be neces-
sary to develop more stable analogs of dolichodial
or formulate it in microencapsulation in order for
it to be useful in soil applications.

Recent research has shown that semiochemicals
could be used in pest control programs to disrupt
the foraging behavior of ants which are tending
homopterans in citrus groves (Shorey et al. 1992,
1993). Chemical cues are important in termite
communication and influence a wide variety of be-

~haviors such as species, and possibly colony rec-
ognition (Howard et al. 1982, Haverty and Thorne
1989, Bagneres et al. 1991, Grace 1991b). Thus,
new compounds, modeled after ant semiochemi-
cals, might be used as insecticides or to prevent
termite penetration of structures by disrupting the
foraging of these destructive insects.
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