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New Technology for Managing the
Formosan Subterranean Termite

he Formosan subterranean termf@ptotermes the material’s physical size, smoothness, shape, weight,

formosanushiraki, is Hawaii’'s most economically and hardness. Studies in Hawaii and elsewhere have
important insect pest, causing about $100 million in dam{found that for various termite species, suitable materi-
age each year. Its biology, aggressiveness, and hiddeals include crushed basalt, granite, or quartz, silica sand,
unpredictable invasiveness make this insect difficult toand even glass shards. Research at CTAHR involving
detect and control. This publication describes some techextensive laboratory and field tests found that crushed,
niques for managing this pest that have been developestreened basaltic gravel is suitable as a barrier to the
recently as alternatives to pesticides. Alternatives aré&-ormosan subterranean termite. This material is mar-
needed because the soil termiticides currently allowedketed in Hawaii as the basaltic termite barrier (BTB)
do not last as long as the products used before 1988Ameron Hawaii, Honolulu).
which have been banned. Also, many people simply do  The Hawaii studies used irregularly shaped particles
not wish to use pesticides around the home and prefdn sizes ranging from less thén inch to abous inch
non-chemical control methods. The alternative tech{0.2—-4.8 mm). The laboratory technique used a glass tube
niques include physical (particle) barriers, wire-meshwith about ¥ inch of the test material sandwiched be-
barriers, in-ground and aboveground baiting systemstween layers of agar. Termites were put in one end of
removable building components, and construction mathe tube and allowed to bore through the agar to the
terials resistant or unsusceptible to termite damage. material. It was found that the termites were unable to

Increased urbanization in Hawaii has made researcpenetrate basaltic particles sized frém to %100 inch
on controlling structural pests as economically and en{1.7-2.4 mm), even when they had access to the mate-
vironmentally important as research on agricultural peststial for as much as five years. For practical applications,
The concept of integrated pest management that guidesslayer of basalt at least 4 inches (10 cm) thick is recom-
current pest-control efforts places an emphasis on avoidnended.
ing pesticide use when possible. The condition of In 1989, BTB was accepted into the City and County
Hawaii's fragile ecosystems and particularly the islands’of Honolulu Uniform Building Code as a more perma-
water resources are serious concerns to consider wherent alternative to chemical soil treatments in Hawaii.
evaluating pesticide uses and their subsequent envirorFhe barrier can be used as a fill before pouring a con-
mental and health impacts. Research on low-toxicity tercrete slab foundation, be placed around the perimeter of
mite control strategies has been done by CTAHR entoan existing concrete slab, or can be placed beneath and
mologists with the goal of minimizing pesticide use in around foundation retaining walls during new construc-
Hawaii, especially in urban areas, and some of thes&on. It can also be used to fill voids in hollow-tile con-

methods have been commercialized. struction. Although the primary use of BTB is for new
construction, other postconstruction uses are being de-
Physical barriers: the basaltic termite barrier veloped.

Physical barriers are gaining popularity world-wide as

methods of preventing attacks on structures by subter-

ranean termites (also called ground termites). Research

has shown that ground termites have difficulty penetrat-julian R. Yates IlI, J. Kenneth Grace, and Minoru Tamashiro
ing layers of certain granular materials, depending orDepartment of Entomology
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Particle barriers can be difficult to install in some of insecticide, and it needs to contact only a relatively
situations or without proper training. Problems may oc-small proportion of the foraging population, who then
cur where the soil is unstable or not fully compacted,proceed to distribute the toxicant to other colony mem-
when surfaces at the edges of the barrier are rough drers.Certified pest-control operators in Hawaii currently
irregular, or if there is no protection from mixing with offer baiting systems marketed as Exterra™, FirstLine™,
the adjacent soil material. In general, installation byand Sentricon™. The Sentricon systems were the first to
trained professionals is recommended. Installation debe made available, and because they are the only ones

tails are available from Ameron Hawaii. that have been thoroughly evaluated by CTAHR entomolo-
gists, they are described here. The two basic types of bait
Physical barriers: metal mesh stations in current use are in-ground and aboveground.

A termite barrier consisting of a marine-grade 316 stain-  In-ground stations.The Sentricon™ Termite
less steel mesh was recently developed and patented @olony Elimination Systermanufactured and distrib-
Australia as Termi-Mesh™ (Termi-Mesh Australia Pty. uted by Dow AgroSciences LLC (Indianapolis, IN) has
Ltd.), and it is currently used in building construction been in commercial use since 1995. It uses monitoring
there. This mesh has an aperture size of 0.66 x 0.45 mrstations, plastic cylinders about 8 inches long &nd 1
which is well below the 1.2 mm aperture size found toinches in diameter, with side ports to permit termite en-
prevent passage of foraging Formosan subterranean tery, placed in holes augured into the soil. Each cylinder
mites in Hawaii. Tests showed that various Australianhas a tamper-resistant cap and contains two small, re-
termite species, includinGoptotermes acinaciformis movable pieces of wood for monitoring. The stations
(Froggatt), were unable to penetrate the mesh. are placed around the building at intervals less than 15—
Experiments with the Termi-Mesh barrier on Oahu 20 feet apart, as well as elsewhere on the property where
showed it to be effective as a barrier against the Forground termites might be expected to occur.
mosan subterranean termite, provided that the mesh was When termites are found in a monitoring station,
properly installed and seamlessly bonded to other elethe wood in the station is replaced with Recruit [I™,
ments of the construction, such as concrete blocks, sconsisting of a plastic cylinder with small holes in the
that termites could not circumvent the barrier. sides containing cellulose impregnated with 0.5% hexa-
Pre- and postconstruction applications of the Termi-flumuron, a chitin synthesis inhibitor.
Mesh system are numerous. The product can be installed Even after adding bait to cylinders at a site, moni-
beneath concrete slabs, around plumbing and electricabring of termite activity at unbaited cylinders around
conduits, to seal concrete cracks and cold joints, to prethe potential termite foraging area is essential. This docu-
vent penetration through hollow-tile retaining walls, and ments bait efficacy without confounding factors, such
as a “sock” or “boot” to protect wooden fence posts andas avoidance of bait, or deterrence due to mortality at
utility poles. the cylinder. The primary practical goal of bait applica-
The Termi-Mesh system was accepted into Hawaii'stions is suppression or removal of the termite popula-
Uniform Building Codes for all islands in 1995 as a tion to a level where termite activity can no longer be
stand-alone pretreatment for new construction. Sinceletected in baited and unbaited monitoring stations, both
then, approximately 180 new-home installations haven the structure to be protected and elsewhere in the im-
been done, and numerous postconstruction retrofits hav@ediate vicinity of the structure.
been made to homes that were infested by Formosan Beginning in fall 1993, field studies were conducted
subterranean termites. Termi-Mesh Hawaii (Honolulu)with a prototype Sentricon system around three repre-
provides a substantial repair warranty should termitesentative structures in Hawaii, each of which had a his-

breach this physical barrier. tory of subterranean termite infestation and recurring
problems. They were a four-unit condominium build-
Termite baiting systems ing on Kauai, a single-family home on Oahu, and a large

Baits are an attractive method for control of insect pesteommercial building on Oahu. All of these buildings
that are cryptic (hidden or secretive) and social, such abad concrete-slab foundations and had previously been
ground termites. Bait systems use only a small amountreated with soil insecticides around the exterior perim-
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eter and through the slab at various locations. Basalticooms of the building, and modified in-ground Sentricon
termite barrier gravel (Ameron Hawaii) had also beenstations were installed around a detached infested stor-
installed in a trench around the condominium building.age container. Infestations in two of the building’s rooms
However, construction defects such as stucco extendwere eliminated in 72 days, but termites remained ac-
ing into the ground, concrete and asphalt walkways abuttive in monitoring stations located in another room, and
ting the buildings, and (in the case of the residential strucaround the storage container and the building perimeter,
ture) rocky hillside soil conditions had contributed to indicating that multiple subterranean termite colonies
continuing termite problems. Using the method of mark,were infesting the site. Application of baits to stations
release, and recapture, the termite foraging populationaround the storage container eliminated termites in all
at the sites were estimated at 0.33 million (Kauai), 0.94f these locations.
million (Oahu home), and 5.35 million (Oahu building). Interest in developing aboveground bait systems
Application of hexaflumuron baits eliminated all termite stemmed from the need to reduce or eliminate traditional
activity at these sites. Continued monitoring is very im-pesticide spot treatments within residential structures,
portant, though. Several years later, termites were agaias well as the possibility that the aboveground system
found to be reinvading two of these locations, but usingivould be a complement to or substitute for in-ground
baits again elimated the infestation. bait stations. Moreover, applying the bait to existing
Aboveground stationsThe in-ground Sentricon infestations rather than waiting for termites to locate
baiting system is marketed as a preventive method foin-ground stations offers an expedient means of elimi-
subterranean termites and a remedial control tool for exnating infestations within structures. The aboveground
isting infestations in structures. One limitation of the lattersystem has been commercially available in Hawaii since
approach is the length of time it could take to mitigateearly 1997.
an ongoing infestation in a building within a reasonable
amount of time while termites locate the bait stations.Removable baseboards
Some pest-control professionals have provided estimateBermite inspections of double-wall constructed build-
of this time ranging from one month to more than a yearings (containing finished interior walls) have long
The aboveground Sentricon baiting system devel{roubled the pest-control industry, sometimes resulting
oped by Dow AgroSciences has been under study byn litigation when termites are not detected either dur-
CTAHR entomologists since December 1995 in field ing an ongoing preventive pest-control inspection con-
trials using two buildings with ongoing Formosan sub-tract or when a home is inspected before its resale.
terranean termite infestations: a 12-floor high-rise resi- A removable baseboard product was recently devel-
dential condominium building, and a large single-storyoped by a Hawaii company (P.I.M. Development, Inc.,
United States Department of Agriculture (USDA) fruit Kaneohe, Hawaii). It provides a nondestructive means to
fly rearing facility. inspect sill plates, wall studs, and plumbing penetrations
Inspection of the high-rise complex identified an that are ordinarily concealed within double-wall voids.
aerial infestation (no connection to the ground) affect-The prototype consisted of a spring-steel clip and spacer
ing the roof and two units on theffoor. Using mark-  block to attach a3-inch, medium-density fiberboard to
release-recapture methods, the termite foraging populahe bottom edge of inner gypsum walls of double-wall
tion was estimated at 469,000. After application of 0.1%constructed homes. During construction, gypsum wall-
and 0.5% hexaflumuron in two plastic bait stations at-board is secured to wall studs leaving 3 inches of space
tached to the roofing membrane, the infestation wasbove the finished floor. The clipped baseboard is attached
eliminated in 76 days, as evidenced by lack of termiteo the bottom edge of the gypsum wall. For existing
activity in monitoring stations containing untreated wood homes, the gypsum wall has to be cut 3 inches above the
wafers as a food source and when the roofing membraninished floor to install the system as a retrofit. The pro-
was replaced approximately two months later. totype was not simple to install because its fitting and
Ground infestations affected several locations at thenstallation required special carpentry tools and skills and
USDA facility. Bait stations containing 0.1% and 0.5% was labor intensive. Continued product development led
hexaflumuron were attached to walls in the infestedto the current all-polymer Snap On Baseboards™ with
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baseboards extruded from solid polyvinyl chloride andConclusion

clips inject-molded with acetyl plastic that snap into “Urban entomology” is a new science that focuses on
grooves molded in the back of the baseboard. A snap-ineeds of homeowners in rural as well as urban commu-
corner system was also developed to eliminate the neeaities. One role of the urban entomologist is to aid ac-
to miter baseboards to fit corners. Interest in the systerneptance of new technologies for control of insect pests
is growing in Hawaii and the mainland USA, where it is by educating homeowners, residential developers, ar-
available from the manufacturer and hardware stores. chitects, the construction industry, and pest control op-
erators. Not all of these parties have the same ideas and

Resistant building materials . e
o . . - motives about new pest-control or pest-avoiding tech-
The use of steel framing in residential building construc- . . :
nologies, which can add to construction costs. Develop-

tion has increased in Hawaii in the past several years. . . .
) ers can be sales-oriented. Architects may follow aesthetic
However, the higher cost of steel and the need for spe:

- : . S criteria in their designs that result in conditions condu-
cialized installation procedures still limit its use. From _. "
. . cive for urban pests. Some pest-control practitioners may
an environmental standpoint, the energy costs assoc|- . .
: . . elieve that non-chemical pest control methods are an
ated with steel production and the production of preser- . L :
. economic threat to their livelihood. Finally, homeowners
vative-treated wood products are also of concern. . s . 2
. may perceive traditional chemical applications as more
Naturally durable woods are a good alternative for

) cost-effective in a short-term period.
many construction uses. For example, Western red ce- ) . . .
Proper construction techniques, such as isolating

dar (Thuja plicatg, Alaska cedar¢hamaecyparis noot- wood from the soil, and the use of physical barriers to

katensi$, redwood $equoia sempervirep)sand teak . .
(Tectona grandishave moderate to high resistance to exclude subterranean termites, are practical approaches
éo preventing termite attack on structures. All too fre-

Formosan subterranean termite attack. Although woo guently, construction details that are conducive to ter-

from the neem treeAzadirachta indicais not suffi- ] . ) i
. ) ) : . mite infiltration or to moisture accumulation and fungal
ciently resistant to termites to be useful in construction, ) ) o
decay are incorporated into new buildings under the

both the wood and bark are less preferred by termites ~. . . .

. . uise of economy or aesthetics. Certainly, adoption of

compared to other tree species, suggesting that neem . . : .
. . vigilant construction methods and the use of inert physi-

might be useful for landscape plantings.

A recent survey of indigenous and introduced |_|a_cal barriers such as properly sized gravel to prevent ter-

waiian tree species found that s(@iyptomeriajapon- mite penetration into the structure promises more per-

) . . manent termite control than is possible with insecticide
ica), kou (Cordia subcordaty kamani Calophyllum o ; .

. . . applications to the soil alone. The new technologies can
inophyllunj, milo (Thespesia populngaand tallow-

. . . be safer to use and potentially less harmful to the envi-

wood (Eucalyptus microcoryswere quite resistant to . - .
: . ronment than relying only on pesticides. New solutions
Formosan subterranean termite feeding. The currentt

availability and wood characteristics of these specie 0 the problem of preventing and controlling infestations

suggest that sugi, tallowwood, and milo may have thgJy urban pests can be less costly in the long term.

greatest potential of the termite-resistant species in Haa list of references from the technical literature describing research on ter-

i i i ites and termite control methods can be obtained from the author by writ-
waii for expanded cultivation, harvest, and developmentmi d termi | method be obtained from the author by wri
. ing to the Department of Entomology, 3050 Maile Way, Honolulu, HI 96822.
and marketing of wood products ing tothe Dep ' logy lle Way, Honolul

Mention of a trade, company, or proprietary name does not constitute an endorsement, guarantee, or warranty by the University of Hawaii
Cooperative Extension Service or its employees and does not imply recommendation to the exclusion of other suitable products or companies.
Caution: pesticide use is governed by state and federal regulations. Read the pesticide label to be sure that the intended use is included on it, and
follow all label directions.

This and other recent CTAHR publications can be viewed on the college Web site, <www.ctahr.hawaii.edu/publications>,
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The Formosan Subterranean Termite in Hawalii

he Formosan subterranean termite is one of the mosily underground. They move up into structures and trees
economically significant pests in Hawaii. Prevent- to feed, and they develop wings and fly around (swarm)
ing or repairing the damage it causes to wooden strudo breed.
tures is estimated to cost over $100 million each year. The Formosan subterranean termite’s destructive
This immigrant insect probably arrived in Hawaii as a power is great because its attack is both aggressive and
result of trade activity and has been on Oahu for ovesecretive. There is often little or no external evidence of
100 years. From Oahu, it gradually spread to all of thdts presence until the damage is severe enough to cause
major islands: Hawaii in 1925, Kauai in 1929, Lanai in sagging floors, a leaking roof, or warped wallse first
1932, Maui in 1933, and Molokai in 1975. signs of infestation may be springy floors or steps, hol-
The pest moves from island to island in shipmentslow-sounding beams, discolored or blistered paint, de-
of infested wood. Likely objects of transport include pressions or slits in wood surfaces, or moist areas of wood.
wooden skips (palettes), poles, wood recycled from old  Much damage can be done in a relatively short time
structures, and wooden packing crates. It has spredoecause the termites are usually present in large num-
throughout most of Oahu and Kauai. Elsewhere in thébers. Their underground colonies have over two million
state, it occurs near the seaports. On Hawaii it is foundndividuals on average, and large ones exceed 10 mil-
in Hilo, Honokaa, Kamuela, Kawaihae, Waikoloa along lion. Unprotected homes built over large existing colo-
Highway 19, and Kona. On Maui it occurs in Kahului nies have been almost completely destroyed in two years.
and Wailuku, and there are isolated infestations in  The best defense is to prevent infestation, and if this
Maalaea, Kihei, and Lahaina. It is found on Molokai in is not possible, to detect infestations early. Both pre-
Kaunakakai and Kalaupapa and on Lanai at thevention and detection require detailed knowledge of the
Kaumalapau Harbor. biology and habits of the termite. This publication is
Formosan subterranean termites are also callethtended to help homeowners learn about the Formosan
“ground termites” in Hawaii, because they live prima- subterranean termite and be aware of signs of its pres-
ence. Numerous commercial termite inspection and con-
trol services are available in Hawaii, and homeowners
are advised to seek professional advice if they believe
they have a termite problem.

Termite history
Known to entomologists @&optotermes formosanus
Shiraki, the Formosan subterranean termite was first
officially recorded in Honolulu in 1913. An old Swarming

newspaper article, however, indicates that it was The Formosan subterranean termite takes wing in large
present as early as 1869. The article described dam- swarms during May and June, but small swarms can
age attributed to “white ants,” but the descriptipn occur at any time of year. Swarming is the primary natu-

makes it obvious that the damage was caused by ral way this termite spreads after it has been transported
subterranean termites. This immigrant pest appar- to anew area. Spread by swarming is gradual, however,
ently was introduced from Formosa or South China because the termite is a poor flier and cannot fly more

during the period of extensive trade in sandalwgod than’zmile. Also, the swarmers are attracted to the clos-

between the Kingdom of Hawaii and China. The estlight source which, when nearby, distracts them from

initial infestations on Maui and Lanai in the 1930s ranging further.

were eradicated, but the termite was reintroduced to

those islands sometime around 1950. Julian R. Yates Il and Minoru Tamashiro

Department of Entomology
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A swarmers’ life. Winged adult termite swarmers (left) emerge from “flight slits” made in the wood in which the colony is feeding
(center). After flying around, they lose their wings and pair off in tandem (right), the first step in establishing a new colony. Later,
the flight slits will be sealed with “carton material” to restore the gallery environment conditions that the workers prefer. The
covered slits in boards and beams (center) are a clue to the presence of Formosan subterranean termites in a structure.

Swarmers (above, left) emerge just after sundown  Moisture. Unlike drywood termites, which obtain
on warm, humid, nearly windless evenings. The primarywater from the digestion of wood, subterranean termites
environmental factor that determines whether the termust have an external source of moisture. This need for
mites swarm is the wind speed at the locations frommoisture can be fulfilled by high humidity—free water
which they emerge to fly (above, center). If the windis not necessary. They usually use the moisture natu-
exceeds 2 mph, swarming will not occur. If swarming rally held in the soil around their underground colonies.
starts and the wind increases to 2 mph or more, swarniFhey are very sensitive to desiccation (drying), and they
ing stops. When conditions are right and large colonieduild tunnel-like extensions of their humid underground
are present, clouds of many thousands of winged terenvironment when they forage for food above ground.
mites can be seen around street lights and house lightSubterranean termites occasionally form aboveground

On average, swarming lasts about 30 minutes. Af{“aerial”) colonies when their aboveground habitat pro-
ter a short flight, the termites land on the ground andvides a source of water—an aerial colony supported by
drop their wings. The wings break off close to the water from a leaky roof is a common example of this.
termite’s body when it folds them up and forward. It is Other man-made moisture sources include leaking
only the adults that swarm, and not all of the swarmerplumbing, condensation from air conditioners or pipes,
in a colony will swarm on the same night. water collected on poorly designed decks and roofs, and
Conditions for colony formation irrigation systems. Al_though they can survive on very

) . . oo small amounts of moisture, the needgomemoisture
After swarming, landing, and shedding their wings, the. " . . _
) . . is critical, which is one reason that they swarm only when
adults pair off and move about in tandem, with the male o .
. . . the weather is windless and humid.
following the female (photo above, right), searching for

. . Shelter.The termite pairs are particular about find-
a place to live. Fortunately, very few of these pairs sur- . : .
ing an appropriate physical niche. They cannot start on

vive to start new colonies. Most are soon eaten by geq; -
) are, smooth surfaces but need a hole, crack, joint, or
kos, spiders, chameleons, toads, ants, or other preda:

tors. Those that escape being eaten still have to find thselml.Iar crevice that they can enter and seal to form a
) g . ) . mating chamber.
right conditions to survive. The appropriate niche must
include food, moisture, and shelter. Starting a new colony

Food. The termite’s food is cellulose, the building If food, moisture, and an appropriate niche are found,
material of plant cell walls. Termites can live on any the pair can mate within their sealed chamber. About
plant material, including paper, canec, fruits, nuts, corkfive days after mating, the female (queen) lays a batch
and living plants, but their primary food is wood. Al- of 15-25 eggs; these hatch in 21-30 days. The newly
though cellulose is their food, termites actually lack thehatched young need semiliquid food because their jaws
ability to digest cellulose themselves. Protozoa livingare not yet hardened, so the parents feed them predi-
in the termite’s gut provide the enzymes to break dowrgested food. This also serves to pass on the symbiotic
cellulose to metabolites the termite can absorb and us@rotozoa they will need to digest their own food. The

2
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antenna

ant

How to tell a winged ant from a termite. ~ The winged
forms of both ants and termites are called “swarmers”
(illustrated here with half of each pair of wings re-
moved). The ant’s narrow waist and elbowed antenna
help distinguish it from the termite.

Soldier Worker

young remain in the nursery until they go through two
molts. Then they become functional workers in the

colony and can leave the nursery to forage, continue t%ers of the various castes are produced is based on the

molt, and grow. need for a particular caste in the colon
The queen then lays another batch of eggs. The sec- P Y-

ond group and all subsequent offspring are first fed bywWorkers
the workers in the colony, rather than the parents. Thig\s the colony grows, specialized castes are produced
process continues until a major colony, made up of twdor the different tasks required. The first caste produced
million or more termites, is produced. This will take at is the workers, which are small, white, blind, and quick-
least seven years. moving. The great majority of the individuals in a colony
The “royal pair” may live 20 years or more, but they are workers, who maintain the colony. They forage for
are seldom seen unless the colony is disturbed. Both dbod, take care of the eggs, maintain the nursery, feed
them become large and rather gross. The mature queéhe king, queen, soldiers, and young, build tunnels and
is about 1 inch long arid inch in diameter and weighs carton nests, open and close the flight slits for swarm-
more than 100 times her original weight, with most of ing, and bury or cannibalize abnormal or injured colony
the growth in her abdomen, due to the expansion of hemembers. Workers are very susceptible to drying, so they
ovaries. She can now lay about 2000 eggs each day. Hatways work within tunnels and galleries. They can live
legs can no longer carry her, so she lives in a specidbr four years or more, and they are the ones that do the
“queen’s chamber” and is fed, groomed, and movedlamage caused by termite colonies.
about by the workers
The king also be-
comes enlarged, al-‘i'-
though not as much, * =
as the queen, to pro; s |
duce the sperm
needed to fertilize the MRS ) :
large number of eggs. "}'i iy Y
laid by the queen. Queen

Soldiers

The second caste produced is the soldiers, who defend

the colony against enemies. They have hard, brown heads

with jaws that look like pincers. These jaws are strictly

- o for fighting and are so specialized that they cannot be

_;.j-' oy : :% used to chew food, so the soldiers must be fed by the
; workers.

Whenever there is a break in a tunnel, an alarm sig-
nal causes the soldiers to congregate around the break
Specialization within the colony and bite any invader that tries to enter. When they bite, a
Termites of different castes are produced from imma-white, sticky liquid is ejected through a pore at the top
ture workers. Caste determination is based on pherosf their heads, which hinders the movement of enemies.
mone level, which is controlled by the queen. At certainThe soldiers guard the exposed area until the workers
pheromone concentrations, either workers, soldiers, orepair the break. During swarming, soldiers guard areas
winged adults are formed. When and how many mem-around open flight slits.
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Reproductives effective as long as the termiticide remains active and
The third caste to appear is the reproductives, of whichhe treated soil is not disturbed.
there are two types. Primary reproductives, also called Even when the points of access to the structure have
alates or swarmers, swarm and start new colonies. Thdyeen found and disrupted, the workers remaining in the
are brown and have wings (see photo on p. 2, left) andtructure can live for a long time and continue their dam-
functional eyes. The skin of the primary is thick, en- age. And, the termites stranded in the structure will do
abling it to survive for many days in dry environments their best to establish a new colony. This is readily done
outside the colony. Thousands of primary reproductivesy the supplementary reproductives if a source of mois-
are produced each year, and they all leave the nest dure to support the aerial colony can be found, and it
ing swarms. Primaries cannot become reproductive ibften can. The third step, therefore, is to eradicate the
they remain in their colony of origin. In a Formosan infestation within the structure to prevent it from form-
colony, the only primaries that reproduce are the origi-ing an aerial colony. This is done by either spot-treat-
nal king and queen that started the colony. ment with insecticide or tenting and fumigating the struc-

Supplementary reproductives, on the other hand, cature.
become reproductive only in the colonies in which they  An alternative to chemical spot treatments and pre-
were born. Supplementaries are wingless, blind, andiention treatments is termite baiting systems, which can
lighter in color than the primaries. They never leave theminimize the need for applications of insecticides to the
colony. They take over reproduction when the primaryinside and outside of structures. Baiting systems can be
king or queen dies or becomes separated from the maimighly effective in controlling subterranean termite in-
colony. It takes many supplementaries to equal the profestations and termite colonies.
ductivity of a pair of primaries.

Preventing infestations

Controlling infestations As with control of infestations of Formosan subterra-
The keys to controlling Formosan subterranean termitegean termites, preventing them from getting started re-
are based on their need for a suitable physical niche tquires a careful, concerted attack. Here are a few simple
start a colony and for access to sources of food anthings the homeowner can do:
moisture to maintain it. The goal is to make it hard fore When swarming starts, turn off lights.
the termite to find these conditions in the first place.s Attract and kill swarmers with a light source placed
Once they become established, the goal is to interfere abovea pan containing water and a few drops of dish
with their necessities of life. soap.

The first step to control an established infestatione If there are many swarmers inside the house, look for
of Formosan subterranean termites is to disrupt the con- flight slits within the structure.
nection between the ground colony and the termites that Kill any tandem pairs you find. They can be seen run-
are feeding in the structure. Any wooden parts of the ning around after the swarming has stopped.
structure that touch the ground and allow the termites Periodically inspect within and around your home for
direct access must be found and removed. The termites’ signs of infestation.
mud tubes that bridge over non-wood foundations mus® Keep the area immediately adjacent to your house
be located and destroyed. Sometimes these connectionsclear of plants, so you can see the base of the founda-
to the ground nest are difficult to find, as when they are tion slab or piers. Plants in the area not only screen
through narrow cracks within foundations. It is often the tunnels but also set up ideal conditions for the
necessary to thoroughly treat the soil with an appropri- termites. The plants provide the food, and you pro-
ate insecticide (termiticide) at all possible points of con- vide the moisture when you water them.
nection. ¢ Avoid having any wood or wooden part of the house

The second step is to prevent the termites from re- touching the ground.
establishing the connection. This is commonly done bys If you live in an uninfested area, do not transport ma-
treating the soil around the foundations with insecticide, terial that may harbor the termites from infested ar-
a process referred to as “ground treatment,” which is eas without being sure that it is termite-free.
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awaii’s year-round warm weather has allowed

many introduced insect peststo take hold, and the
seven species of termite found here are among theseim-
migrants. The most destructivetermitesare the Formosan
subterranean termite and the West Indian drywood ter-
mite, both of which arrived during the past 100 years
and are now common throughout the state. They cause
more than $100 million damage per year to structures.

The other five termite species are not as great an
economic threat. They are pests of trees and only occa-
sionally infest structures. Three of them, the western
drywood, Indo-Malaysian drywood, and Pacific damp-
wood termites, have arrived since the 1980s, and so far
their distribution is not extensive. But because thesere-
cent introductions are significant pests el sewhere, they
likely will become more economically important asthey
spread. The other two species, the forest and lowland
tree termites, have probably been residents of Hawaii’s
forests for centuries.

The purpose of thispublicationisto help you iden-
tify Hawaii's termites. If you should find one of the
known termite species in an unexpected place, or ob-
serve atermite that differs from the descriptions, it may
be a new aien introduction. Please report such discov-
eries to your local office of the Cooperative Extension
Service or the Hawaii Department of Agriculture.

How to tell a winged ant from a termite

termite

The winged forms of ants and termites are called “alates” or
“swarmers” (shown here with half of each pair of wings re-
moved). The ant’s narrow waist and elbowed antenna distin-
guish it from the termite.

Termite basics

Hawaii’stermite speciesare al ableto usewood astheir
food source with the help of microorganisms in their
digestive systems. The Formosan subterranean termite
lives primarily underground and moves up into struc-
tures or treesto feed. Drywood and dampwood termites
livein wood at or above ground level.

Dampwood termites live in wet and rotting wood
and get all of the water they need from their food.
Drywood termites use water produced from the diges-
tion of dry wood and do not require an external source
of moisture. Subterranean termiteslive underground and
obtain water from the soil around them, but they must
venture out of this ideal environment to find food. To
accomplish this, they build tube-like extensionsto con-
nect their moi st underground environment to apotential
food source, such asyour home. These conduitsare made
of “carton material,” a mixture of fecal matter and par-
tially digested wood resembling mud, so they are com-
monly called “mud tubes.” Subterranean termites occa-
sionally form independent, aboveground col onieswhen
their aboveground habitat provides them with a source
of water—leaking roofs or plumbing fixtures are com-
mon water sources for such “aerial” colonies.

Type of damage and other clues
Drywood termite colonies typically produce “kick-out
holes’ on the surface of thewood (Figure 1), fromwhich
they expel tiny fecal pellets (frass) that look like fine
grains of sand (Figure 2). Sealed kick-out holes may
indicate the presence of an active drywood termite in-
festation. Subterranean termites do not make kick-out
holes in the wood. Their primary indicator is the pres-
ence of their “mud tubes’ along boards, within wall
voids, or bridging over masonry between the soil and
the wooden parts of a structure (Figure 3).

The feeding patterns of the various types of termite
also differ. Subterranean termites follow the grain, eat-
ing the softer areas along the length of the wood and
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Termite basics (continued) . . .

leaving the harder grain skeleton. In contrast, drywood and
dampwood termites eat across the grain in any direction
(Figure 4).

Economic importance

The most costly termite in Hawaii is the Formosan subter-
ranean termite, followed by the West Indian drywood ter-
mite. Thetwo forest-dwellers, theforest treetermite and the
lowland tree termite, rarely infest structures. The damage
potential of our three recent (1996—98) termite discoveries,
the Indo-Ma aysian drywood termite, western drywood ter-
mite, and Pacific dampwood termite, is as yet unknown.

New vs. “old”

Therecently introduced termite speci es can be distinguished
from Hawaii’s resident, established termites on close obser-
vation. The new Indo-Malaysian drywood termiteissimilar
to the West Indian drywood termite, but it is smaller. The
new western drywood termite swarmers (winged form, also
called “alates’) have light-reddish-brown heads and black
bodies (Figure 12), while the other drywood species are
evenly colored. The Pacific dampwood termiteisavery large
termite with conspicuous projections on its abdomen called
cerci (Figure 13).

Drywood

Drywood termites make “kick-out holes” to remove
fecal pellets (frass) from their “feeding galleries.”

After pushing out the fecal pellets, they plug the holes.
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The tiny fecal pellets of drywood termites may vary
in color, even when coming from the same gallery.
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Drywood vs. subterranean

Wood damage patterns are clues to
termite type, as shown by these end-
grain cross-sections of termite “feeding
galleries.” Drywood termite galleries (right)

Wood damage and frass—signs of termite activity

Subterranean

¥

are cavernous and do not follow any pattern or direction. Subterranean termite galleries (left) follow the grain of
the wood, producing long hollowings of the softer part of the wood between the harder “rings” of wood.

The “mud tube” along the side of
this board is evidence of the
presence of Formosan subterra-
nean termites. Smaller patches of
mud on the board’s corner and
sides seal up openings made while
| feeding along the wood grain. The
| large tube is a major passageway

| to new feeding galleries further

| away from the underground nest.
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Identifying termites

The following “key” to termite speciesis designed to be
used in two ways: either you have observed swarmersin
the structure and you want to know what they are, or you
have found damage in the structure and you want to know
what caused it.

Thekey startsout by asking simple questionsthat help
you determine if you are dealing with a subterranean ter-
mite. The next questions are more technical and will al-
low you to identify the species of termite. For this, you
will need aruler and amagnifying lens. You will also need
to be able to recognize some of the different forms of ter-
mitesthat have different responsibilitieswithin the colony:
swarmers (alates), soldiers, and workers (Figure 11).

|
Key for identifying termites—follow the steps for your situation

Condition: Swarming termites

description of the forest tree termite.

Condition: Termite damage found

Now, for further identification, find termite soldiers.

the lowland tree termite.

Step 1. If swarmingislatein the day, in the evening, or at night, go to Step 3; if swarming isduring the day, go to Step 2.

Step 2. If the swarmer body is < 5 mm (about %16 inch) long, go to the description of the Indo-Malaysian drywood
termite; if the swarmer islarger (> ¥4 inch), go to the description of the western drywood termite (p. 5).

Step 3. If the swarmissmall (< 200 swarmers) go to the next step; if the swarm isvery large (> 1000 swarmers), go
to the description of the Formosan subterranean termite.

Step 4. If the swarmer body is >10 mm (%10 inch), go to the next step; if the body is 10 mm or smaller, go to the
description of the West Indian drywood termite.

Step 5. If the swarmwasin adry site, generally below 500 ft, go to the description of the lowland tree termite; if the
swarm wasin awet area, generally at higher elevations, go to the next step.

Step 6. If the swarmer has conspicuous cerci (Fig. 13) and wings about 25 mm (7s—1 inch) long, go to the description
of the Pacific dampwood termite; if the swarmer issmaller, with wings 13—19 mm (¥>¥s inch) long, go to the

Step 1. If thevoidsleft after thewood is eaten do not follow a ong thewood grain (within the growth rings) (see Fig.
4), go to the next step; if the feeding has followed the wood grain, leaving behind thin strips of the harder
growth-ring wood (Fig. 4), go to the description of the Formosan subterranean termite.

Step 2. If thewood contains dry, sand-like frass pellets, go to Step 3; if the damage does not contain sand-like frass
or contains larger pellets that are sometimes clumped or wet, go to Step 6.

Step 3. If the face of the soldier appears pushed in, without distinctly protruding jaws (Fig. 9 or 10), go to Step 4; if
the soldiers have obvious, protruding jaws (Fig. 6-8), go to Step 5, below.

Step 4. If the soldier is< 5 mm (about %16 inch) long, go to the description of the Indo-Malaysian drywood termite;
if the soldier islonger than 5 mm, go to the description of the West Indian drywood termite.

Step 5. If the soldier is ¥z inch or longer, go to Step 6. If the third segment (from the head) of the soldier’s antenna
isdistinctly longer than the other segments (Fig. 8), go to the description of the western drywood termite; if
this segment isless than three times the length of any other segment in the antenna, go to the description of

Step 6. If thesoldier isvery large, up to 25 mm (1 inch) long, with conspicuous cerci (Fig. 13), go thethe description
of the Pacific dampwood termite. If the soldier is between ¥z and % inch long with cerci that are barely
visible, go to the description of the forest tree termite.

Before using the key, be sure that the insect isindeed
atermite and not another type of insect. The insects most
commonly confused with termite swarmersarethewinged
form of ants. Ant swarmers can readily be distinguished
from termite swarmers based on the appearance of the an-
tennae, wings, and waist (see p. 1). Other wood-destroy-
ing insects, such as some beetles, cause damage that may
be confused with that of drywood termites, but these in-
sects produce a fine sawdust material as opposed to the
sand-like frass pellets of drywood termites (Figure 2).

Proceed from the key below to the species descrip-
tionson p. 5. If the specimen that you have does not match
the characteristics given, try keying again from the begin-
ning with another specimen.






The soldier caste has features which, when observed close-up, can help to identify the termite species. Soldiers can be
found in nests and galleries, protecting the smaller, more numerous workers and nymphs. Soldiers of Hawaii’s termites vary in
size from a body length of 3—4 mm (< %s inch) to greater than 25 mm (> 1 inch).

Pacific
dampwood West Indo-  Formosan
Forest Lowland Western Indian  Malaysian  subter-
tree tree drywood drywood  drywood ranean The Formosan subterranean

soldier has a tear-drop shaped
head and sickle-shaped jaws.

Formosan subterranean

The lowland tree termite soldier’s third antennal segment is about

twice the length of the other segments; the third segment of the
Other castes in termite colonies have western drywood soldier’s antenna is very large in comparison.
different forms and functions. The winged alate
is the one we most often see, when they leave
the colony to swarm and mate.

Lowland tree Western drywood

The heads of the West Indian and Indo-Malaysian termite soldiers
appear pushed in and do not have prominent, protruding jaws.

The West Indian termite’s head is wrinkled, while the Indo-Malay-
sian termite’s head is smooth. The distinct ridge on the front of the

Swarmer Nymph Soldier Indo-Malaysian termite’s head (arrow) is another clue to its identity.
(alate)

- AR

This western drywood termite swarmer (with
wings removed to show the body) can be
distinguished from the other species by its
dark-colored body and reddish-brown head.

West Indian Indo-Malaysian






Seven termites currently found in Hawaii

FORMOSAN SUBTERRANEAN TERMITE

(Coptotermes formosanus)

Swarmer: Body length about 10 mm (about ¥s inch);
light, reddish brown in color; two veins along the front
margin of thewings; wings covered with extremely fine
hairs, swarms during the evening. Soldier: Small; body
length about ¥4 inch or less; mandibles sickle-shaped
(Figure 6); aggressive and fast-moving.

WEsT INDIAN DRYWOOD TERMITE (Cryptotermes brevis)
Swarmer: Body length about 6 mm (72 inch) or greater;
head width greater than 1 mm; swarms at night. Sol-
dier: Body length 5 mm or slightly more; width of head
capsule greater than 1 mm; head is rough and wrinkled
in appearance without adistinct frontal ridge (Figure 9).

L owLAND TREE TERMITE (INcisitermesimmigrans)
Swarmer: Body length 10 mm (%10 inch); light to dark
brown; wing has three veins along the front margin.
Soldier: Third antennal segment about two times the
length of succeeding segments (Figure 7); livesin liv-
ing or dead dry wood; found predominantly along coast;
will infest structuresin rare instances.

ForesT TREE TERMITE (Neoter mes connexus)

Swarmer: Body length 15 mm (%>—%sinch) or more; wing
has four large veins at the front margin. Soldier: Body
length 10—20 mm (¥%s—¥4 inch); lives in dead, wet wood
or living trees; generally found above 500 ft elevation;
usually does not infest structures.

INDO-M ALAYSIAN DRYWOOD TERMITE

(Cryptotermes cynocephal us)

Swarmer: Body length (minus wings) not greater than
5 mm (316 inch); head less than 1 mm wide; swarmsin
the morning. Soldier: Body length 3-4 mm (< %1s inch)
or less; width of head capsule approx. 1 mm; head hasa
distinct ridge running al ong the front margin (Figure 10).

WESTERN DRYWOOD TERMITE (INncisitermes minor)
Swarmer: Body dark brown or black with a distinctly
reddish-brown head (Figure 12); swarms during day-
light hours. Soldier: Third antennal segment very long,
three times the length of succeeding antennal segments
(Figure 8); can befound infesting trees aswell as struc-
tures; arare termite in Hawaii; more likely to be found
at lower elevations (< 500 ft).

PaciFic bpAMPwooD TERMITE (Zootermopsisangusticollis)
Swarmer: The largest swarmer in Hawaii; light cinna-
mon brown with dark brown, leathery wings 22—25 mm
(=1 inch) long. Each antennahas at |east 23 segments,
and the abdomen has distinct cerci. Soldier: The largest
termite found in Hawaii; body 10-25 mm (31 inch)
long, with light caramel-brown thorax and abdomen. The
head is more flattened than that of a drywood termite
soldier and has aformidable set of toothed jaws (Figure
5). Livesin wet or decayed wood.

Wings are another clue . ..

The wings of termite swarmers are convenient identification
aids when viewed with a magnifying lens. The two veins
along the top of the wing of the Formosan subterranean
termite are parallel to each other. The corresponding veins
of the drywood and dampwood termites are more complex.

Formosan subterranean termite wing

Drywood or dampwood termite wing
(generalized)

...and so are cerci

In addition to its large size, the Pacific damp-
wood termite has appendages (cerci) on its
abdomen that are much more prominent than
those of the drywood termites.

L
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Comparison of Hawaii’'s termite species

Species Type Habitat Climate Swarming Evidence Occurrence

(subterranean (structures (wet or dry) time in Hawaii
drywood, or dampwood)  or trees)

Formosan subterranean sub both both night mud tubes statewide

Coptotermes formosanus

West Indian drywood dry structures both night dry frass statewide

Cryptotermes brevis

Indo-Malaysian drywood dry both both dawn—day dry frass Oahu

Cryptotermes cynocephalus

Lowland tree dry trees dry night dry frass statewide

Incisitermes immigrans

Western drywood dry both dry day dry frass Oahu

Incisitermes minor

Forest tree dry trees wet night wet frass statewide

Neotermes connexus

Pacific dampwood damp both wet dusk—night wet frass Maui

Zootermopsis angusticollis

Termite control
Many innovationsin termite control methods have been
developed recently, but thefundamental strategy to avoid
costly termite damageis preventive management through
regular, professional inspections. Potential structural
damage can be avoided by using treated wood or steel
framing. Preventive management for subterranean ter-
mites should also include either physical or chemical
barriers (or both) wherethe structure meetsthe soil. Pre-
ventive management for drywood termites includes
maintaining screens to exclude swarmers and keeping
exposed wood surfaces painted.

When termites are found within abuilding, the vari-
ous options for remedia control vary with termite type

(drywood or subterranean). Drywood termitescan be con-
trolled with spot treatments, which can be cost-effective
if thedamageisfairly localized. If the damageis exten-
sive, whole-structure fumigation (“tenting”) may bere-
quired to effectively combat the infestation. Remedial
control of subterranean termite infestations frequently
involves creating chemical or physical barriers where
the structure meets the soil. This excludes further ac-
cess, but spot treatment of the structure with insecticides
sometimes is required to kill termites remaining in it.
Termite baiting isarecent technol ogy that can both moni-
tor and control subterranean termites.

the Cooperative Extension Service.

And Hawaii’'s next termite introduction will be ... ?

One possibility is asubterranean termite established in Guam (Coptoter mes vastator). It has been reported
once in Hawaii, but so far there have been no reports of it establishing a population here. This termiteis
similar to the Formosan subterranean termite, but its swarmers are generally dark on the upper surface and
reddish brown underneath, while the Formaosan subterranean termite swarmers are auniform light reddish
brown. Any termite that does not match the photographs or descriptions given here may be anew introduc-
tion and should be reported immediately to the nearest office of the Hawaii Department of Agriculture or






