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Potential of Insect Growth
Regulators as Termiticides:
A Review

by
Nan-Yao Su! and Rudolf H. Scheffrahn?
ABSTRACT

Effects of insect growth regulators (IGR’s) against termites
and factors affecting test results are reviewed. It is a generally
accepted hypothesis that IGR-induced production of excessive
presoldiers and soldiers would overburden the tasks of the remain-
ing worker nestmates. However, doubt exists that IGR’s alone
can disrupt the social homeostasis that is maintained by many
other inter-linked factors. Results from previous studies indicates
that IGR’s may be more effective as control agents against species
with lower natural soldier proportions.

INTRODUCTION

Determination of caste formation in termites is strongly influen-
ced by the endocrine system (Lischer 1976, Yin and Gillott 1975).
Liischer (1958) first suggested that juvenile hormone (JH)
regulated soldier formation in the drywood termite, Kalotermes
flavicollis (Fabr.). This hypothesis was confirmed in experi-
ments whereby presoldier and soldier formation was induced by
implanting corpora allata (Liischer and Springhetti 1960, Lebrun
1967), and further elucidated when presoldiers were produced
after injection of a synthetic JH (Liischer 1969).

Termite colonies contain optimal proportions of the soldier caste
which have apparently evolved to most efficiently provide for the
defense of the colony (Wilson 1971, Haverty 1977). A hypothesis
has been forwarded that juvenile hormone analogs (JHA’s), which
induce excessive soldier formation, may be used to disrupt the
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integrity of a termite society, leading to the destruction of the
entire colony (Haverty 1977, Hrdy and Kfe&ek 1972, Hrdy 1973).
Howard and Haverty (1979a), who previously reviewed literature
on this subject, raised questions that need to be considered before
insect growth regulators (IGR’s) can effectively be usedin termite
control. Their questions include effects of group size, population
heterogeneity of test insects, colony origin and habitat, season,
temperature, roles of endosymbionts, synergistic effects when
used with other termiticides, etc. Although a considerable amount
of work had, at that time, been conducted onthe caste-inducing
effects of many synthetic compounds that mimic JH activity (Ho-
ward and Haverty 1979a), their practicality for termite control
had not yet been demonstrated. This article updates the informa-
tion which has been published in the last decade and discusses
the termiticidal potential of IGR’s.

Insect Growth Regulators and Target Species

IGR’s and termite species to which they were exposed are sum-
marized in Table 1. Studies involving juvenile hormones or juven-
oids showing negative results were excluded. Of the 20 species
tested, the following ten subterranean species are considered of
economic importance (Edwards and Mill 1986): Reticulitermes
lucifugus (Rossi) and Reticulitermes santonensis Feytaud in
Europe, Mastotermes darwiniensis Froggatt and Nasutitermes
exitiosus (Hill) in Australia, Coptotermes amanii (Sjostedt) in
Africa, Coptotermes niger Snyder in central America, Hetero~
termes indicola (Wasmann) in India, Reticulitermes flavipes
(Kollar) and R. virginicus (Banks) in the United States, Reticuli-
termes speratus (Kolbe) in Japan, Reticulitermes flaviceps
Oshima in China, and Coptotermes formosanus Shiraki found
world-wide. Only two drywood species of economic importance,
K. flavicollis and Cryptotermes brevis (Walker), have been
tested for their susceptibilities to IGR’s.

Methoprene and hydroprene were most frequently tested, mir—
roring their wide market appeal for control of other economically
importantinsects. Of the four newIGR’s that became commercial-
ly available during the 1980’s (Table 1), fenoxycarb has the great-
est potential for termite control due toits availability and effective-
ness against other insect pests.
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Table 1. Listofinsect growthregulators (IGR’s) and termite species

which responded to their exposure

IGR Termite References
JHA-1I(1)
Rhinotermitidae
Reticulitermes santonenesis Hrdy & Krecek 1972
JHA-11I{2)
Rhinotermitidae
R. santonensis Hrdy & Krecek 1972
Famesenic
acid ethy! Kalotermitidae
& alkoxy
deriv. Kalotermes flavicollis Springhetti 1974, 1976
Postelectrotermes nayari Varma 1977
Hodotermitidae
Zootermopsis angusticollis Wanyonyi & Luscher 1973
Luscher 1974a
Yin & Gillott 1975
Rhinotermitidae
R. santonensis Hrdy et al. 1979
Prorhinotermes simplex Hrdy et al. 1979
Triprene
Mastotermitidae
Mastotermes darwiniensis French & Robinson 1878
Rhinotermitidae
Reticulitermes flaviceps Chu et al. 1974
Methoprene
Kalotermitidae
K. flavicollis Lenz 1976
Cryptotermes brevis Hrdy et al. 1979
Bifiditermes beesoni Afzal & Ahmad 1982a
Rhinotermitidae
Heterotermes indicola Lenz 1976
Reticulitermes flavipes Lenz 1976
Howard & Haverty 1978, 1979b
Haverty & Howard 1979
Howard 1980, 1983
R. flaviceps Chu et al. 1974, Dai 1980
Reticulitermes lucifugus Lenz 1976
R. santonensis Hrdy et al. 1979(3)
Reticulitermes virginicus Howard & Haverty 1979b
Haverty & Howard 1979
Coptotermes amanii Lenz 1976
Coptotermes niger Lenz 1876
Coptotermes formosanus Su et al. 1985
Jones 1987a
Haverty et al. 1989
P. simplex Krecek et al. 1981
Termitidae
Nasutitermes nigriceps Lenz 1976 (3)
Hrdy et al. 1979
Macrotermes michaelseni Okot-Kotber 1980a,b
Hydroprene

Mastotermitidae
M. darwiniensis

French & Robinson 1978
French et al. 1979
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which responded to their exposure (cont.).

IGR Termite References
Kalotermitidae
K. flavicollis Lenz 1976

Diflubenzuron
(Dimitin)

Fenoxycarb

Ro 16-1295(4)

AY22,243(5)

B. beesoni
Neotermes castaneus
N. jouteli
incisitermes schwarzi
Cryptotermes brevis
Hodotermitidae

Z. angusticollis

Z. nevadensis

Hodotermes mossambicus
Rhinotermitidae

Heterotermes convexinotatus
indicola
flaviceps
flavipes

santonensis
lucifugus
virginicus
amanii
niger
formosanus
simplex
Termitidae
Nasutitermes exitiosus
N. nigriceps

POOODDIDT DD

Macrotermes subhyalinus
Microcerotermes sp.

Rhinotermitidae

H. indicola

R. flavipes
Termitidae
Microcerotermes sp.

Rhinotermitidae
R. virginicus
C. formosanus

Rhinotermitidae
R. virginicus
C. formosanus

Kalotermitidae
B. beesoni

Afzal & Ahmad 1982a,b
Hrdy et al. 1979
Hrdy et al. 1979
Hrdy et al. 1979
Hrdy et al. 1979

Wanyonyi & Luscher 1973
Luscher & van Doorn 1976
Wanyonyi & Luscher 1973
Wanyonyi 1974

Luscher & van Doorn 1976
Luamba 1980

Hrdy et al. 1979

Lenz 1976.

Chu et al. 1974

Lenz 1976

Haverty & Howard 1979
Hrdy et al. 1979

Lenz 1976

Haverty & Howard 1979
Lenz 1976

Lenz 1976

Hrdy et al. 1979

Hrdy et al. 1979

French 1974

Lenz 1976

Lenz & Westcott 1985
Meyer & Luscher 1973

Faragalla et al. 1985

Doppelreiter & Korioth 1981
Doppelreiter & Korioth 1981

Faragalla et al. 1985
Jones 1984

Jones 1984, 1987b, Su et al.
1985

Jones 1984
Jones 1984, 1987b, Su et al.
1985

Afzal & Ahmad 1982a

s) and termite species
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Table 1. Listofinsect growthregulators (IGR’s) and termite species
which responded to their exposure {cont.).

IGR Termite References

JHA-A(6)
Rhinotermitidae
Reticulitermes speratus Doki et al. 1984
Tsunoda et al. 1986

$-31183(7)
Rhinotermitidae
R. flavipes Su & Scheffrahn 1989
C. formosanus Haverty et al. 1989

Su & Scheffrahn 1989

(1) methyl 10-chloro-3,7,11-trimethyl-2 dodecenoate

(2) ethyl 10-epoxy-3,7,11-trimethyl-2,6-dodecadiencate

(3) tetrahydrofuryl analog of methoprene

(4) 2-[p-(m-Fluorophenoxy)phenoxy] ethyl ethylcarbamate

(5) methyl Z-10, 11-epoxy-7-ethyl-3, 11-dimethyl-E, E2, 6-tridecadienoate
(6) ethyl [2-(p-phenoxy phenoxy)ethyl] carbamate

(7) 2-[1-methyl-2(4-phenoxyphenoxy) ethoxy] pyridine

Doppelreiter and Korioth (1981) provided the only positive data
on the effect of a non—JHA IGR. Although their laboratory study
demonstrated the ecdysis inhibitory effect of a chitin synthesis
inhibitor, diflubenzuron (Dimilin), against H. indicola and R.
flavipes, resuits from subsequent testing with Dimilin on field
colonies of Microcerotermes species were mixed (Faragalla et
al. 1985). A preliminary study with cyromazine also showed no
effects against C. formosanus (Su and Scheffrahn, unpublished
data).

EFFECTS OF IGR’S ON TERMITES

Most researchers reported production of presoldiers or other
intercastes following IGR exposure (Table 2). Overt toxicity is
the second most frequently reported result. Howard and Haverty
(1978) indicated that hind—gut protozoans found in R. flavipes
were killed by IGR’s and suggested starvation-induced mortality.
Their observation was confirmed by French et al. (1979) on M.
darwiniensis.
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Table 2. Reported effects of IGR’s on termites.

Effect

Reference

Presoldier production:

Intercaste production:

Toxicity:

Neotenic production:

Ecdysis inhibition:

Afzal & Ahmad 1982a,b, Chuetal. 1974,
Dai 1980, Doki et al. 1984, Faragalla et
al. 1985, French 1974, French &Robin-
son 1978, Haverty & Howard 1979,
Haverty et al. 1989, Howard 1983, Ho-
ward & Haverty 1978, 1979b, Hrdy 1972,
1876, 1985, Hrdy & Kfelek 1972, Hrdy
et al. 1979, Jones 1984, 1987a,b,
Kfedek et al. 1981, Lenz 1976, Lenz &
Westcott 1985, Luscher 1960, Luscher
& van Doorn 1976, Okot-Kotber 1980a,
b, Springhetti 1974, 1976, Su & Schef-
frahn 1989, Su et al. 1985, Tsunoda et
al. 1986, Varma 1977, Wanyonyi 1974,
wanyonyi & Luscher 1873, Yin & Gillott
1975

Afzal & Ahmad 1982a,b, Chuetal. 1974,
Doki et al. 1984, Haverty &HHoward 1979,
Howard 1983, Howard & Haverty 1978,
Hrdy 1972, 1976, 1985, Hrdy & Kielek
1972, Hrdy et al. 1979, Jones 1984,
1987a,b, Lenz 1976, Lenz & Westcott
1985, Luamba 1980, Meyer & Lischer
1973, Springhetti 1974, 1976, Tsunoda
et al. 1986, Varma 1977, Wanyonyi 1974

Ajzal & Ahmad 1882a, Chu et al. 1974,
Dai 1980, Doki et al. 1984, Haverty &
Howard 1979, Howard 1983, Howard &
Haverty 1978, 1979b, Hrdy 1972, 1985,
Hrdy& Kre&ek 1972, Lenz 1976, Lenz &
Westcott 1985, Okot-Kotber 1980a, b,
Springhetti 1974, Varma 1977

Afzal & Ahmad 1982a,b, Dai 1980, Sprin-
ghetti 1974, 1976, Wanyonyi 1974,
Wanyonyi & Luscher 1973, Yin & Gillott
1975

Doppelreiter & Korioth 1981, Haverty &
Howard 1979, Howard & Haverty 1978,
Hrdy & Kfelek 1972, Lenz 1976, Wan-
yonyi 1974, Varma 1977
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Table 2. Reported effects of IGR’s on termites (cont.)

Effect Reference

Feeding inhibition: French & Robinson 1978, French et al.
1979, Jones 1987a,b, Lenz & Westcott
1985, Springhetti 1974

Gut symbiont defaunation: French et al. 1979, Haverty & Howard
1979, Howard 1983, Howard & Haverty
1978

Pseudoimago production: Varma 1977, Wanyonyi &Luscher 1973,
Wanyonyi 1974

Egg productioninhibition: Afzal & Ahmad 1982a, Howard 1980

FACTORS AFFECTING TEST RESULTS
1. Nutrition

Lenz (1976) demonstrated that laboratory groups of K.
flavicollis fed on IGR-treated decayed wood produced more pre-
soldiers than those fed on treated filter paper or sound wood.
Although the higher protein content in decayed wood apparently
enhanced presoldier formation at the individual level, he suggested
that a well nourished colony may endure an alternation of caste
composition whereas a poorly nourished colony would likely suc—
cumb. Studies with C. formosanus also agree with Lenz’s (1976)
finding as IGR-exposed groups fed on wood blocks produced more
presoldiers (Su et al. 1985) and intercastes (Jones 1984) than
those fed less nutritious materials. Contrary to these observa-
tions, a study by Howard and Haverty (1979b) indicated that
absorbent paper pads, composed of refined cellulose, stimulated
greater soldier differentiation in two Reticulitermes species than
other diets including decayed sawdust. They noted, however, that
the poor performance of the sawdust-fed termites may have
been due to fungal contamination.

2. Caste Composition and Group Size

Liischer (1961) hinted that chemical factor(s) released from
existing soldiers inhibit formation of additional soldiers. Indeed,
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the inhibitory effects of soldiers on presoldier production have
been demonstrated in many termite species (Springhetti 1968,
Haverty 1979, Haverty and Howard 1981, French 1974, Lenz 1976,
Okot-Kotber 1983). Excess soldiers were usually starved or can-
nibalized by the workers (Morgan 1959, Liischer 1961, McMahan
1966, Nagin 1972, Stuart 1972, Yin and Gillott 1975, Haverty 1979,
Haverty and Howard 1981, Su and La Fage 1987). Under the
influence of IGR’s, some concluded that groups containing more
soldiers generally produced fewer presoldiers (Hrdy 1976, Lenz
1976, Afzal and Ahmad 1982b), while others indicated that the
presence of soldiers had negligible effects on presoldier production
(Dai 1980, Howard 1983). Contradictory results seem to be
species dependent. It may be more relevant for applied studies
to use experimental groups containing soldier proportions approxi-
mate to those foundin field colonies (Jones 1984, Suet al. 1985).

Shimizu (1963) first indicated there was arelationship between
group size and soldier proportion. Smaller groups (orphan groups)
of C. formosanus (Haverty 1979) and Reticulitermes species
(Haverty and Howard 1981) generally contained lower soldier pro—
portions than did larger groups. Increased group size, however,
reduced presoldier formation of the termitid species, Macrotermes
michaelseni (Sjostedt) (Okot-Kotber 1983). Maki and Abe
(1986), who examined 85 field colonies of a kalotermitid species,
Neotermes koshunensis (Shiraki), also observed decreased sol-
dier proportion in larger colonies.

Under the influence of IGR’s, the presence of replacement re-
productives reduced presoldier formation in small groups but did
not affect larger groups of the kalotermitid, B. beesoni (Afzal
and Ahmad 1982b). Groups size used in laboratory tests varied
among studies mainly due to the availability of termites.

3. Competence Period and Colony Origin

Liischer (1952) first noted that only at certain developmental
stages (or “competence periods”) could larvae and nymphs of
K. flavicollis molt into the supplementary reproductive castes.
Soldier formation by K. flavicollis (Springhetti 1972), and Zooter-
mopsis angusticollis (Hagen) (Lischer 1974a) was induced only
when instars were of certain age. Yinand Gillott (1975) considered
the early phase in the stadium as the competence period for
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Z. angusticollis. Okot-Kotber (1980a) determined that the 0-6
day interval is a period when M. michaelseni workers are most
competent to differentiate into the presoldier stage. Dai (1980)
also showed that the younger instars of R. flaviceps were more
easily transformed to presoldiers, while 5th instar pseudergates
of R. speratus were found most responsive to IGR’s (Tsunoda
et al. 1986).

Other factors such as season and temperature (Liischer 1974b,
Haverty and Howard 1981, Afzal and Ahmad 1982b) have been
suggested to affect presoldier formation of termites. Another
factor to be considered is colony origin. Laboratory experiments
with C. formosanus (Haverty 1979) and R. flavipes (Haverty
and Howard 1981) demonstrated that different colonies of the
same species produced presoldiers and soldiers at different rates.
in separate studies, Su et al. (1985) and Jones (1987b) both
showed significant differences in responses toIGR’s among colo-
nies of C. formosanus. Ages of field colonies of subterranean
termites are difficult to determine but may be the primary cause
of among colony variation with regard to IGR susceptibility. Compe-
tence period and nutritional factors may also be responsible for
colony differences in IGR response. Whenever possible, these
factors should be considered when testingIGR’s against termites.
Several different colonies should always be used.

IGR’S AS TERMITICIDES

Hrdy and K¥eZek (1972) first suggested that excessive IGR-
induced superfluous soldiers may disrupt the social balance of
termite colonies. Because the worker caste is solely responsible
for food intake in a colony, abnormally large proportions of depend-
ent castes, such as soldiers, could lead to disruption of the
homeostatsis of the termite society. This optimistic view is held
by some researchers (Haverty 1977, Howard and Haverty 19793,
Jones 1984, Su et al. 1985, Tsunoda et al. 1986). Workers
of C. formosanus consume more wood in response to the pre-
sence of increased soldiers in experimental groups, but their wood-
consumption rates decreased drastically when trophallactic
demands from soldiers exceeded workers’ food intake capacity
(Su and La Fage 1987). Excess soldiers were starved or can-
nibalized until soldier proportions converged to a “stable” range
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(Haverty 1979, Su and LaFage 1987). We suspect that artificially
induced soldiers would meet the same fatein field situations should
IGR’s be introduced into the colony. Field trials with methoprene
and hydroprene in Cuba, however, failed to yield an increase in
soldiers or the decline of Prorhinotermes simplex (Hagen) colo-
nies (Hrdy etal. 1979). They attributed this failure to the chemical
instability of these compounds. This view is shared by Afzaland
Ahmad (1982b) who stress that the effectiveness of aniGRhad
to persist long enough to encompass the competency period of
the target insects.

Aside from the chemical instability, Hrdy et al. (1979) also
raised a fundamental skepticism on the practical application of
IGR’s in termite control. Because the homeostatic regulatory
mechanisms of a field colony are difficult to simulate in the labora-
tory, IGRs’ effects observed from isolated foraging groups may
be negated by some innate “homeostatic resistance” of a field
colony. This is especially relevant when testing subterranean ter-
mites that naturally contain largely populated colonies. Noting that
many environmental, physiological, and behavioral factors might
affect the formation and maintenance of soldier proportions of
termite colonies, Lenz and Westcott (1985) questioned if the
introduction of IGR’s alone could upset colony homeostasis which
is balanced and maintained by an array of factors.

From his testing of IGR’s against seven termite species, Lenz
(1976) concluded that species with lower natural soldier propor-
tions such as K. flavicollis respond better to IGR’s than those
with higher natural soldier proportions such as C. amanii. His
conclusion is well supported by other studies which demonstrated
that, when exposed to IGR’s, Reticulitermes species (natural
soldier proportions: 1-2%) generally produced more presoldiers
and/or resulted in higher mortality than C. formosanus whose
colonies generally contain 10-15% soldiers (Haverty 1977, Haverty
and Howard 1979, Jones 1984, Su et al. 1985, Su and Scheffrahn
1989).

In a preliminary field trial with fenoxycarb baits, Jones (1988)
observed an increase of presoldiers and soldiers in colonies of
Reticulitermes species and a subsequent declinein their foraging
activities. Her results are the first to demonstrate efficacy under
field conditions and are encouraging for the potential of IGR’s as
termiticides. A comparison of her success with the previous failure
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of field trials reported by Hrdy et al. (1979) with P. simplex
(naturally high soldier proportion), further supportsLenz’s (1976)
conclusion and suggests thatIGR’s may be more effective against
termites with lower natural soldier proportions such as Reticuli-
termes species.
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