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Summary.  The West Indian drywood termite, Cryptotermes brevis, is a well-established 
and serious pest of structural wood in the Azores.  Eradication of C. brevis cannot be 
achieved, however, management of C. brevis through fumigation, local treatments, 
preventative residual chemicals, and inspection of imported goods can greatly reduce 
termite populations.  A research treatment is proposed to demonstrate the efficacy of 
sulfuryl fluoride fumigation for eradication of C. brevis from two buildings.  Prevention 
or reduced reinfestation rates by application of fipronil or a substitute insecticide is also 
proposed.  It is expected that these methods can be adopted by Azorean commercial 
enterprises to develop a domestic termite control industry. 
 
Background.   The West Indian drywood termite, Cryptotermes brevis (Walker), is the 
most widespread and damaging drywood termite species in the world (Scheffrahn 2005).  
Human transport has spread this pest from its suspected endemic range in northern Chile 
and Peru (Scheffrahn and Krecek, unpubl. obs.) to much of the tropical and subtropical 
regions of the New World, Africa, Madagascar, Australia, and oceanic islands (Gay 
1967).  This pest can infest practically all wood products associated with structures 
including most softwood and hardwood species.  Infestations of C. brevis thrive in humid 
indoor environments but will not survive in wooden articles that are exposed to freezing 
temperature, extended low relative humidity, or free water such as from rainfall or leaks. 
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     Over six years ago, some homeowners of Angra do Heroísmo, Terceira Island, began 
observing pellets, alates, and wings of drywood termites (Fig. 1) in their picturesque and 
historic buildings (Fig. 2) and furniture (Fig. 3).  It was not until 2002 that C. brevis (Fig. 
4) was identified from infestations on Terceira and San Miguel islands (Borges et al. 
2004, Myles 2004).  With government funding, Dr. Paulo Borges and his colleagues from 
the Universidade dos Açores, Drs. Ana Maria Simões and David Horta Lopes, began 
conducting an aggressive research program to survey and classify infestations of C. 
brevis throughout the Azores with emphasis on Terceira Island (Fig. 5).  These 
researchers are currently seeking practical and efficient treatment methods for C. brevis 
populations (Borges et al. 2004).  Ongoing and future research in cooperation with Dr. 
Timothy Myles (consultant from the University of Toronto) may improve long-term 
management strategies for this pest under Azorean conditions. 
     In January 2006, Drs. Borges, Lopes, and Myles visited the University of Florida 
campus in Ft. Lauderdale to discuss and observe the biology and control of C. brevis.  
This species has been a pest in Florida for almost 90 years and now accounts for damage 
in excess of US$100 million/year encompassing an area of 8 million people.  From 
photographs and descriptions of the infestation in the Azores provided by Dr. Borges 
during his visit, it was apparent that fumigation should be considered as a primary control 
option.  Mr. Jeffrey Edwards who owns Dead Bug Edwards, a fumigation and pest 
control company in Plantation, Florida, gave a tour to Drs. Borges, Lopes, and Myles to 
observe how his company fumigates buildings for C. brevis control (Fig. 6).  Mr. 
Edwards and I were invited by Drs. Borges and Lopes to assess the C. brevis situation on 
Terceira for 3 days (1-3 April 2006).  We were joined by Mr. Sean Brantley, a fumigation 
expert who owns a termite control company in Tampa, Florida.  This report contains our 
assessment and strategy for managing C. brevis infestations in the Azores based on our 
brief visit. 
 
Infestation Severity.  Cryptotermes brevis cannot be eradicated from the Azores.  
Eradication has been attempted by the government of Queensland, Australia, for over 20 
years without success (Peters 1990), but new infestations have been greatly reduced by 
these efforts (Peters and Kennedy 2000).  During the 1940s, massive outbreaks of C. 
brevis were recorded from South Africa in which some wooden buildings were “nearing 
the point of collapse” (Coaton and Sheasby 1979).  An aggressive program of fumigation, 
preventative treatment, and disposal of infested wood has reduced but not eliminated 
damage by C. brevis in S. Africa.  As in most suitable climates where C. brevis has 
become established, infestations in the Azores are altogether too widespread and 
entrenched to eradicate and the potential remains high for reintroduction from external 
sources including populations from the other islands of Macaronesia including Madeira, 
Canaries, and Cape Verdes (Scheffrahn 2005).  Hundreds of residential, governmental, 
and commercial addresses are infested with C. brevis on Terceira.  Some damage is so 
severe (Fig. 7) that renovation is required.  Other buildings will require renovation (Fig. 
8) if treatment is not rendered soon.  With every passing year, additional structures (Fig. 
9) will be colonized from seasonal dispersal flights emerging from untreated buildings.  
If, however, effective management practices and more stringent inspection of imported 
goods are initiated soon, the losses from C. brevis can be greatly reduced. 
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 Spot Treatments.  Many infestations of C. brevis observed on Terceira Island are so 
widespread that local or “spot” treatments will not yield suitable control nor be cost 
effective.  For example, d-limonene (92%, XT-2000 Inc., San Diego, CA) when applied 
to infested wood members by “drill and treat” (Fig. 10) per label directions 
(www.xt2000.com/XT2000SpecimenLabel.pdf) would require drilling 12,000 holes into 
ceiling members of a heavily infested 100m2 attic.  Some attics (Fig. 11) are too large to 
treat locally.  In addition, the limonene vapors could be harmful to occupants and there is 
a fire hazard from application of this flammable solvent.  The two-tier roof construction 
used in the Azores (Fig. 12) would make the outer tier (roof tile support) inaccessible to 
local treatment.  Another local treatment used in the U.S. is a high-voltage current 
(Electro-Gun) which mortally shocks the internal drywood termite infestations.  Creffield 
et al. (1997) showed that 100% mortality of C. primus could be obtained by treating 
150x100x40 mm infested blocks for 7-8 minutes each.  At this treatment rate, a 1m2 area 
would require 466 minutes of current from the Electro-Gun.  In addition to lengthy 
treatment time, metal fasteners would interfere with the use of this device.   
     The use of surface treatments such as borates for existing infestations would not be 
effective because these materials would not adequately penetrate to the depth of the 
termite galleries as seen with the failure of “Xylofene” (0.06% cypermethrin, Fig. 13) on 
Terceira (Myles 2004).  One structure in Angra do Heroísmo was damaged by fire due to 
the flammability of Xylofene (Fig. 14).  Local treatments are recommended only when 
infestations are relatively new and localized, usually at the first sign of pellets or alate 
flights and when infested wood is relatively accessible.  Local injections of 600 ppm 
fipronil show excellent efficacy against drywood termites (Scheffrahn unpubl. data). 
 
Whole-Structure Treatments.  Fumigation and heat treatments are the only methods for 
insuring complete eradication of drywood termites and other pests from buildings (Su 
and Scheffrahn 2000).  Heat treatments must usually be limited to small structures or 
structural compartments due to the danger of over- or under-heating parts of the structure 
which can result in structural damage or incomplete termite control.  The only fumigants 
labeled for structural fumigation are sulfuryl fluoride (SF) and methyl bromide.  Methyl 
bromide is more difficult to apply than SF, requires longer aeration periods, and is a 
recognized atmospheric ozone depleting gas which is now disallowed in Europe. 
 
Sulfuryl fluoride.  SF is the recommended fumigant for drywood termites in structures 
(Osbrink et al. 1987).  This gas is packaged as a pressurized liquid in 57 kg cylinders and 
sold in the U.S. under two trade names, Vikane® (DowAgrosciences, Indianapolis, IN) 
and Zythor® (Ensystex, Fayetteville, NC).  The SF gas is non-flammable, non-corrosive, 
aerates rapidly, can be applied without a specialized heat exchanger, and is active against 
drywood termites at relatively low concentration (ca. 1000 ppm at 22ºC, 24 hour 
exposure).  Equipment is also available to monitor SF concentration during fumigation 
and aeration.  In 2005, DowAgroSciences was granted approval in much of Europe for 
use of SF as a food commodity fumigant marketed under the name Profume®. 
 
Fumigation – Seasonal Timing.  Structural fumigation can be conducted at any time of 
the year.  Seasonal conditions make August through November is an ideal period in 
which to fumigate on Terceira.  Based on available weather data for Angra do Heroísmo 
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for August 2005 (http://www.weatherunderground.com/history/station/ 08511/2005/8/12 
/MonthlyHistory.html), the mean temperature was warm (22ºC; lower fumigant 
concentration required), wind was calm (mean 10 km/hr, range 0-22 km/hr; sealing of 
structure more efficient), no rain was recorded (safer work conditions), and daylight was 
long (14.5 hrs; longer work hours).  The flight season for C. brevis on Terceira is 
between June and August (Borges, pers. com.), thus delaying the chance for reinfestation 
from surrounding buildings by 8-9 months.   
 
Demonstration/Research Fumigation.  Two infested buildings owned by the Ministry 
of Education (Secretaria Regional da Educação e Ciência, Rua da Carreira dos Cavalos, 
9700-167 Angra do Heroísmo and Museu de Angra - Edificio dos Coches, Ladeira de 
São Francisco, 9710-875 Angra do Heroísmo) have been identified as ideal candidates 
for demonstrating the methods and efficacy of fumigation and preventative treatments 
(Figs. 11, 15, 16).  Both buildings are infested with C. brevis and contain wooden 
materials of historical significance.  All phases of preparing, sealing, fumigating, 
monitoring, aerating, and safety testing of the buildings will be conducted by consulting 
and research personnel and accompanying staff following all procedures and regulations 
specified by U.S. Federal and Florida State law (Scheffrahn et al. 2004).  Sealing 
techniques will be customized for Azorean buildings to include roof enclosure by 
tarpaulin seal fixed to exterior walls by wooden furring strips (Figs. 17, 18) and by “tape 
and seal” methods for entrance ways and windows (Fig. 19).  For additional safety, 
chloropicrin will be used as a fumigant warning agent and SF concentrations will be 
monitored at external sites.  Efficacy of fumigation will be demonstrated by real-time 
multi-location SF concentration monitoring and by placing C. brevis-infested blocks 
throughout infested buildings.  After fumigation, the blocks will be recovered and 
mortality of termites verified.   
     The estimated cost to fumigate both buildings is ca. €55,200 (Appendix 1).  This 
estimate includes all labor (salary, travel, lodging, and food for a team of 7 Florida-based 
experts), consulting fees, equipment (sealing supplies, chemicals, machinery rental, 
shipping costs, etc.).  Cost breakdown for completion of both fumigations are given in 
Appendix 1. 
 
Preventative Treatments.  Cryptomeria japonica, a local coniferous wood, constitutes 
much of the construction of attics and floors in old and renovated historic buildings on 
the Azores (Borges pers. comm.).  Unfortunately, this fast growing timber (Fig. 20) is 
highly preferred by C. brevis.  This wood is host to the European furniture beetle, 
Anobium punctatum (De Geer) which is common throughout the Azores (Borges et al. 
2005) and the exotic tropical beetle, Calymmanderus oblongus (Gorham) (Borges, pers. 
com.).  It appears that adult beetle emergence holes (Fig. 21) are ideal nuptial chamber 
sites for C. brevis, thus greatly enhancing the colonization success of the termite.  To 
prevent recolonization by C. brevis and reinfestation by A. punctatum and Ca. oblongus, 
a preventative treatment of the wood surfaces should be performed either before or 
immediately after fumigation.   
     A recent study showed that fipronil at 600 ppm aqueous suspension (Termidor® SC, 
BASF Corp.) was 100% effective in preventing colony foundation in C. brevis even 
when wood is only partially treated (Scheffrahn, unpublished).  It is therefore 
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recommended that the fipronil suspension be applied to all accessible surfaces using a 
fine mist sprayer at a rate of ca. 100 ml/m2 or about 8g fipronil per 100m2 attic area.  If 
fipronil is not available for use on wood surfaces in Portugal, then 1000 ppm 
imidacloprid (Premise 2®, Bayer Corp.) should be substituted.  A 10,000 ppm disodium 
octaborate tetrahydrate solution (Tim-Bor®, U.S. Borax Corp.) should be applied as a 
preventative wood treatment during the construction phase of new buildings in C. brevis 
affected areas (Scheffrahn et al. 2001).   Premise 2 is already registered by the U.S. 
Environmental Protection Agency (USEPA) as a wood-surface treatment in structures.  
BASF Corp. is currently seeking registration for wood surfaces based on existing data 
(Scheffrahn unpublished).  For many years both products have been registered by 
USEPA for topical applications to dogs and cats for flea control. 
 
Commercialization Plan for Fumigation in the Azores.  During the proposed 
“demonstration fumigations” the Azorean public, including members of the pest control 
industry, can observe and learn about fumigation techniques in order to develop a local 
industry to combat C. brevis.  Azoreans who might supervise structural fumigations on 
the islands as part of a commercial venture should enroll in the School of Structural 
Fumigation held at the University of Florida campus in Ft. Lauderdale for one week 
every November.  This intensive week-long course provides classroom and field training 
in all aspects of structural fumigation.  Over 600 students from all over the world have 
graduated and benefited from the school’s highly technical curriculum and interaction 
with its expert faculty, including Mr. Edwards and Mr. Brantley. 
      
Chamber Fumigations.  A vacuum fumigation chamber (Vacudyne brand) is available 
at the Department of Agriculture facility outside of Angra do Heroísmo (Fig. 22).  This 
chamber is small (ca. 3m3) and was designed for methyl bromide fumigation, but can be 
easily converted to allow for fumigation with SF.  The only chamber alteration needed 
for SF fumigation would be the addition of an inlet valve attachment on the existing 0.25 
inch NPT thread on one of the two sample lines.  The methods of Scheffrahn et al. (1987) 
can be used to introduce and monitor SF in this chamber without the need for the vacuum 
function.  According to Mr. Rui Fonseca (EXPM Corp., Estoril, Portugal) the chamber 
can also be converted for use with inert gases (nitrogen, carbon dioxide, or argon).   
     The existing chamber is too small and inefficient for most infested furniture, however 
small valuable wooden items could be fumigated for C. brevis in 12 hours with only 
about 30 g (2,000 ppm) SF per 3m3 fumigation.  Inert gas fumigations for insect control 
require much greater time (>1 week), expensive inert gases, and humidification to 
simulate ambient conditions.  Instead of using SF, methyl bromide could also be used for 
chamber fumigations if the use of this fumigant is allowed to exhaust the existing 
stockpile.  If a site is needed for routine fumigation of infested articles, it is 
recommended that tarpaulin material designed for fumigation be pulled over infested 
articles and sealed over a concrete or asphalt surface by the use of sand filled snakes.  SF 
could be introduced beneath the sealed tarpaulin by standard methods.  Alternatively, 
another efficient approach to fumigation of furniture and moveable infested items is to 
place them in a building which is itself being fumigated. 
 
Conclusions. 
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1) Cryptotermes brevis are now permanent residents of the Azores. 
2) Structural fumigation with sulfuryl fluoride is the most efficient means of 

eradicating C. brevis from buildings. 
3) Preventative treatment using fipronil or a substitute insecticide needs to be 

included in a management program. 
4) Development of a self-sustaining domestic termite fumigation industry will serve 

the long-term goals of and island-wide management plan. 
5) Chamber fumigation, although somewhat inefficient, could be used to fumigate 

smaller infested materials. 
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Appendix 1.  Estimated Cost for Fumigation of Education Ministry Complex and Museum 
Building*. 
Personnel      Item Expence € Total Expence € 
     7 member fumigation team (salary, travel, lodging, food, etc) 2000 14000 
     Salary, 4 experienced fumigation workers   1200 4800 
     Consulting fees, Edwards, Brantley, & Scheffrahn   4000 12000 
Equipment        
     Sealing supplies (tarpaulins, fastners, sealants, etc) 4000 4000 
     Chemicals (sulfuryl fluoride, chloropicrin, residuals)   4000 4000 
     Equipment rental (crane or lift)     2000 2000 
Shipping          
     6 meter cargo container for chemicals, sealing, gas    
     introduction, safety, monitoring & spray equipment   6400 6400 
Overhead, Dead Bug Edwards Co.     8000 8000 
            Grand Total 55200 
* Tariffs, duties, etc. not included.     
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Figure 1.  Cryptotermes brevis wings and fecal pellets trapped in a spider webs, Angra do 
Heroísmo. 

 
Figure 2.  Typical Home in Angra do Heroísmo, heavily infested with C. brevis. 
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Figure 3.  Furniture cabinet with legs, drawers, and frame infested by C. brevis, Angra do 
Heroísmo. 

 
Figure 4.  Soldiers (black head capsules), reproductives (brown bodies), and workers of 
C. brevis.  
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Figure 5.  Extent and density of Cryptotermes brevis infestations on Terceira Island, 
Azores (from Borges et al. 2004). 

 
Figure 6.  Sulfuryl fluoride fumigation for C. brevis of a 5,000m3 condominium in Ft. 
Lauderdale, Florida by Dead Bug Edwards Company. 
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Figure 7.  Severe damage by C. brevis in a house in Angra do Heroísmo. 

 
Figure 8.  Renovation of a Catholic seminary after original building was damaged by C. 
brevis, Angra do Heroísmo. 
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Figure 9.  Historic mansion in Angra do Heroísmo.  One of many valuable structures 
threatened by C. brevis infestation. 

 
Figure 10.  Injection holes (enhanced by red circles) for limonene (XT-2000) treatment of 
a ca. 1 meter length of attic board. 
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Figure 11.  Large attic infested with C. brevis in building housing Secretaria Regional da 
Educação e Ciência (see Figs. 15 and 16, building B). 

 
Figure 12.  Double-layer sub roofing (grey area is underside of roof tiles). 
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Figure 13.  Xylofene container.  This preservative has been used extensively in Angra do 
Heroísmo to treat for C. brevis.  Most applications have not controlled the termites. 

 
Figure 14.  Building in Angra do Heroísmo, damaged by fire from Xylofene combustion 
(P. Borges pers. comm.). 

 14



C. brevis Management                                                                                                              28 April 2006 

 
Figure 15.  Secretaria Regional da Educação e Ciência building.  Larger of two buildings 
proposed for research fumigation with sulfuryl fluoride (See also Figs. 11 and 16B). 
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Figure 16.  Aerial view of Angra do Heroísmo to the northeast showing proposed 
buildings to be fumigated and preventatively treated against C. brevis.  Building A is 
Museu de Angra - Edificio dos Coches and B is Secretaria Regional da Educação e 
Ciência complex. 
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Figure 17.  Condominium in Plantation, Florida showing how tarpaulin is adhered to 
exterior wall using wooden furring strips. 

 
Figure 18.  Close up of Fig. 17 showing wooden furring strips securing tarpaulin. 
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Figure 19.  Blue tape used to seal doors and windows in fumigated structures with 
impermeable exterior walls in Florida.  Walls in the Azores are also of impermeable 
composite covered with stucco. 

 
Figure 20.  Wide growth rings of Cryptomeria japonica wood infested by C. brevis in 
Angra do Heroísmo. 
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Figure 21.  Anobium punctatum emergence hose in Museu de Angra - Edificio dos 
Coches. 

 
Figure 22.  Vacudyne fumigation chamber at Dept. of Agriculture facility outside 
Angra do Heroísmo. 
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