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A CHARTER A 
PEST CONTROL INC. 

10256 BEACH BLVD. 
JACKSONVILLE, FLORIDA 32246-4792 

(904) 641-4922 

PAUL M. McKlNlRY 
Entomologist 

May 17, 1996 

Nassau County 
Maintenance Dept 
3163 Bailey Rd 
Fernandina Beach FL 32035 

Re: Nassau County Courthouse 

Dear Sirs, 

The results of my inspection of the courthouse building on May 
15, 1996 are detailed on the accompanying wood-destroying 
organisms report. I am further summarizing herein my opinion and 
making recommendations. 

The size of the building and my lack of familiarity with the 
titles of the departments and rooms require that I generalize my 
findings particularly in describing the locations of the wood- 
destroying organisms evidence. 

It is my opinion that the greatest concern should lie in 
controlling the EASTERN SUBTERRANEAN TERMITE problems. As 
renovations are being made, roof leaks, and moisture conditions 
must be eliminated, including weather sealing and waterproofing 
all exteriors. The sources of the existing moisture conditions 
must be addressed and repaired, as well as replacement of wood 
members affected, thereby eliminating a conducive situation for 
above-ground subterranean termite activity. These areas should 
then be chemically treated appropriately to reinforce any 
weakness or chemical breakdown occuring from moisture. 

The second concern is DRYWOOD TERMITES: evidence was found in (3) 
sites, however no live or active termites were observed at the 
time of inspection, this being not unusual. The swarming season 
for the drywood termite begins in our area from approximately 
late May through the end of the summer; the magnitude of the 
possible infestation may be determined throughout this period by 
the quantity of swarming termites or lack of. I recommend a 
follow-up inspection within eight to twelve weeks to check the 
(3) sites for signs of active, live infestation. 
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Another concern is the evidence of the wood boring beetle known 
as the OLD HOUSE BORER; numerous exit holes were found, all of 
which are located in the front portions of the attic. Again, 
probing the wood revealed no live insects, but actually splitting 
the beams is usually required to find the larvae. Conspicuously 
missing was the large amount of very fine frass which is pushed 
out of exit holes in areas of active infestation. 

The majority of the areas of evidence appear very sound; a 
structural report can provide more detail on this. 

I recommend that the current renovation to the structure continue 
in progress; further evidence of insect activity may be 
uncovered, also some of the insect damaged wood that has already 
been planned for replacement will be removed, eliminating the 
question of whether the site is active or inactive. 

Further monitoring is the most conservative approach, which may 
likely be accomplished as renovations proceed. Fumigation of the 
entire structure is the most reliable way to curtail the 
possibility of further insect activity and damage, and shoule be 
considered. 

An option for treatment of the Old House Borers is a borate 
treatment using a product such as TIMBOR; this type of treatment 
is localized and is an alternative to whole-structure fumigation. 

Both Drywood Termites and Old House Borers can be treated by 
whole-structure fumigation; fumigation can assure that any hidden 
undetected insect activity is stopped. 

I have enclosed information related to TIMBOR treatment and 
fumigation treatment using Vikane fumigant. I have also included 
information pertaining to the life cycles of the specific 
insects. 

Please contact me directly for any further information you 
require. 

Sincerely, 

A Charter A Pest Control, Inc. 
Paul M. McKiniry 
Entomologist 



WOOD-DESTROYING ORGANISMS INSPECTION REPORT 
Section 482.226. Florida StaMeS 

Licensee name A CHARTER A PEST CONTROL, INC. License number 0 0 0 0 2 0 1 

m a d r e s s  10256 Beach Boulevard, Jacksonville, Florida 32246 

InsPector Paul M. McKiniry Inspectiondate 5/16/96 Iden6ficah Card No. 26 57 I 
Requestedby Nassau County Maintenance Department, 3163 Bailey Road, Fernandina Beach, FL 320 

LW) (Urn*) 
PropertyinspectedJlassau Countv Courthouse. Fernandina Beach, Florida 32035 

(U-1 
Spedficstnrctures inspected Courthouse and off ices 1 
-reson property  NOT^^ Refer to attachment page (s) . I 
Reason NOT inspeced Refer to attachment page(s). I 

SCOPE OF INSPECTION 1 
'Ulooddesmng organlam' means anmropod or plant llfe whlch damages and can relnfeat seasoned wood In a SmcWre, namely mltm, polwder post beetles, ddhowe borers. 
and-decaylnOtung1. I 

and Is not an opinlon coverlngareas such as, but not necassarily 
llmtted m, those that are endased or Ineccesslble. areae concealed by wall coverings, Ref coverings, furniture, equipmen4 swed arUdes, or any polion at me cmucarre In whld 
lrupealon would neoeseitate remcrvhg or defadng any part ot tho smrcolre. 

8 A NOTAdestqIng oganlams InspecDDl is not ordlnarlly a consbvctbn a bulldlng wde expen and therelore Is not e m  ro 
possess any epectal quelMcatbm whlch would enable hlm m attest u~ the srmc~lral soundness of the pmperty. 

THIS REPORTSHALLNOTBE CONSTRUEDTOCONSTMAGUARANTEEOFTHE ABSENCE OF WOOD-DESTROYINOORGANISMSORDAMAGEOROMER EVIDENCE 
UNESS THIS REPORT SPECIFICALLY STATES HEREIN THE EXTENT OF SUCH GUARANTEE. 

REPORT OF FINDINGS I 
(1) Vlslble evidence otwoocidesmng or~anbms observed: 0 NO WI Yes W w e  

Termites ; Drywood 'J!=fmm) Decay/Fungi 
L-: Refer to attachment page(s). 1 

(2) &e m#bde~~y lng  ~lganlsms obser~ed: XR No 0 Yes 
(commn~dorgsn- )  I 

(3) Visible damege observed: 0 NO =yes W o o d t e r n  Subterranean Termites; 
Drywood ~errnd~~s'~@I!~&!&$ 

~ocatkns: Same as listed 111; refer to attachment page(s). 

(4) VLBible wldence of pfwlouJ Wlment WBP ObSBNBd: 0 No xa Yes 

Explain: Drill marks 

(5) This ampany haa treated the sWchrre(s) at tlme of Inspection: xn NO a Yes IF YES: A cow d the contrael b rtt.chod. I 
(Organisms treated) (Pestldde used) I 

(6) This company has oegted tho strumre(s): = N O  0 Yes IF YES: Date of Treatment I 
(Common name of organisms) (Common name of pestlclde) 

(7) A notlce of lhis Inapedon: a and/or matment has been afflxed to the struclure(s) I 
Crawl 

&ocaUm d notice(a)) I 
COMMENTS: Refer to attachment page(s). I 



A CHARTER A 
PEST CONTROL INC. 

10256 BEACH BLVD. 
JACKSONVILLE, FLORIDA 32246-4792 

(904) 641 -4922 

PAUL M. McKlNlRY 
Entomologist 

May 16, 1996 

Nassau County Maintenance Department 
3163 Bailey Road 
Fernandina Beach, Florida 32035 

RE: Nassau County Courthouse 

Attachment to accompany DACS FORM 103645 inspection report for 
the above-referenced property. 

Structures NOT inspected: NONE 

Areas of structure(s) NOT inspected: 

1. Portions of interior 
2. Portions of attic 
3. Exterior eaves 
4. Portions of flooring 
5. Portions of walls 
6. Portions of crawl 
7. Enclosed and inaccessible areas 

Reasons NOT INSPECTED: 

1. Furnishings and government business restricting access 
2. Some areas inaccessible to inspect 
3. Inaccessible 
4. Concealed by floor coverings 
5. Concealed by wall coverings 
6. Inaccessible 
7. Areas behind interior and exterior walls, areas concealed by 

wall coverings, floor coverings, furniture, equipment, 
stored articles, landscaping, etc. 

#1 VISIBLE EVIDENCE: 

A. Wood Borer Beetles 

1. Scattered signs in attic beams 

B. Eastern Subterranean Termites 

1. Scattered signs throughout attic with heavier concentrations 
in areas of water staining and/or leakage 

2. Attic window frames, front support beams 
3. Arch windows at NW location in judges chambers 

.*? 
T/c/2rLl <#A. 
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4 .  Termite and wood decay evidence at truss ends in lower 
portion of rear utility area at extreme SW corner of building 

5. Signs on 2 x 14 under ramp at ladies room, located just 
inside crawl 

C. Drywood Termites 

1. Old termite galleries - located in exterior window sill 
(4th sill from rear) to west side of courtroom 

2. Termite pellets in phone/file room on ground floor 
3. Evidence on floor joists located approximately 6-10 feet 

back in extreme western-most crawl 

D. Wood Decay/Fungi 

1. Exterior window sill of courtroom, third window over on 
west side 

2. Scattered on interior eaves and sheathing in attic 

COMMENTS : 

Water leakage evident under tower area of attic; also, areas of 
attic eaves and along several areas of exterior walls on floor 
below. Some water staining noted in areas of crawl space, 
confined to limited and various locations. 

9 [ h - h/LL/k Signature . .-+ k 
A Charter A Pest ~ o M r o 1 ,  Inc. 

Date 

Paul M. McKiniry 
President 



Wood Protection by Surface Treatment with Borates 
Masahiko Tokoro and Nan-Yao Sy University of Florida 

An abstract, &om a presentation to the Florida Entomologtcal Society 
August 10,1993 

Procedures: 

Products: 
Tin Bor (disodium octabonte tetrahydrate), 1094 
Bora Care (40?/b disodium octoborate tetrahydrate, 60°/o Etllylene glycol), 209'0 

Application procedures: 
Pine 2 X 4s (wood moisture content 15?b) sprayed 2X to tlle point of runog allowed to dry 1 
week, then cut into 2Ocm sections, subjected to bioassay for o rnontlls. Clle~nical assays takzn at 
1 week and 6 months. 

Bioassay procedures: 
nuee  colonies each species ('native and Formosan) 
Three reps per species/compound combination (total 6 reps/species) 
Termites were placed in separate protective chamber which was conected to the center of the cut 
end of each block, allowing the termites to leave the chamber and forage fieely through the trzated 
block. 

Bioassay: 
Neither product idubited penetration of termites. Termites penetrated through to the surface of 
treated blocks in all reps and even made turlnels on the treated, exterior surfaces of the blocks. In 
no replicate did the borate treatment stop penetration or damage of wood by termites; treatments 
only slowed the colonies down so that they consumed slightly more Ulan half the wood consuned 
in the untreated controls. Mortality, though greater than controls, did not eliminate colonies. 

Chemical Assay: 
Penetration of Borates into wood was extrememly hited--even at 6 months @me of greatest 
penetration)--resultirlg in a h. highly concentrated layer at the surface, dropping off sharply to 

Figure 1. 
Borate Penetration in Wood 

Borate 
Conc. in 

PPM 

5000 

Depth in WoodSmm 1.5mm r3.44nm 

non-detectable levels within 3.4 mm (see Fig. 1). Some borate residues were detected in temlite 
galleries, indicating some potential for transfer by termites. 

S u n ~ m a ~ y :  
Borate treatments dtd not penetrate much beyond the surface. 
Borate treatments did not protect wood &om termite attack (penetration, tunnelling and consumption). 
hiortal~ty was insufficient to eliminate colonies. 
Wood consumption reduced by less than 509.6 versus controls. 
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Foam Treated SYP 
15 % TIM-BOR Foam, (A & 6) vs 

2X 10 % TIM-BOR'sprays 
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depth, mm 

S P R A Y  -5- SY P-mdn 
+Board A 
+Board B 

C o u r t e s y  of  Dr. Mark 0 .  N o i r o t  a n d  U.S. B o r a x ,  I n c .  



WOOD-DESTROYING INSECTS AND FUNGI 

flights usually begin before sundown and end be- 
1 fore mitlniglit. Alates of Copfotermes formosnnris 
i are strongly attracted to lights. Indigenous sub- 

terranean termites (Reticzrfifermes spp.) fly only 
during tlie day. 

Western Drywood Termite, 
Ztzcisitermes minor (Hagen) 

(Kalotermitidae) 

Drywood termites establish their colony and 
continue to live in nondecayed wood having little 
moisture and, unlike subterranean termites, they 

' never require contact with the ground. I n  some 
regions, such as southern California and the Ca- 
ribbean area, they are the most important termite 

In California, the western drywood termite is 
foiind under natural conditions as far north as 
Menclocino County and the Sacramento Valley. I t  
is al)untlant in coastal regions, antl extends east- 
wart1 into Arizona in periplieral clesert regions, 
in mountain canyons, and along streambeds. Col- 
onies of this species have been transported to, 
and at least temporarily establislied in, various 
parts of the United States. Drywood termites are 
very amenable to  accidental distribution because 
tliey may infest commonly transported articles, 
such as boxes, crates, and furniture, can tolerate 
low moisture conditions for long periods, and the 
colony is often small, infesting only a small vol- 
ume of wood, and can therefore be readily trans- 
ported for long distances. 

Unlike the powderpost termite, Cryptotermes 
brevis, the western drywood termite is seldom 
seen in ft~rniture and other small wooden prod- 
ucts. However, a n  interesting observation on such 
an infestation was made by R. E. Wagner in  OC- 
tober, 1973 (personal communication). I n  a book- 
case having no contact with wooden members of 
the house structure, he found many predrilled 
3-mm Iioles, 5 of which had been plugged with 
the typical drywood termite sealoff. A recently 
established royal pair of drywood termites was 
fount1 about 10 mm deep in each hole, evidently 
individuals from the annual flight of alates. T h e  
house liad been fumigated about 10 years earlier, 
but had become reinlested. 

In newly developed residential tracts in Cali- 
fornia, some of the orchard trees are retained in 

: the tlooryartls. T h e  tleacl limbs on such trees often 
harbor tlrywood termites, particularly if the trees 
are walnut, and these may serve as sources of 
infestation for the newer liouses. In  southern 

to become infested by dry\vootl termites sooner 
and in greater numl~ers than 11y subterranean 
termites (Ebeling, 1968). hlost often, clrywood ter- 
mites infest these homes as alates originating in 
oltler huiltlings in near-by areas. However, in- 
fested teleplione poles, posts, ant1 piles of lumber 
o r  fireivood can also be sollrces of further in- 
festation. 

Tlie lumberman, builder, and liomeolvner and, 
in lawsuits, tlie lawyer, often inquire as to wliere, 
in tlie sequence of events from the planing mill 
to the finislietl Iiome, infestations of soch insects 
as drywootl termites, woodboring beetles, and 
woodwasps originate. I t  is important to know 
the life liistories ant1 habits of such insects. 

Description of Drywood Termite Alate. T h e  
alate (plate I, 4; figure 82) is dark brown, and has 
smoky-black wings with black veins. I t  may be 
tlistinguislletl from tlie alate of tlie western sub- 
terranean termite by its larger size (about 11 to 
12 mm long) ant1 I>y the fact that i t  has a reddisli- 
brown head antl thorax, while tlie subterranean 
termite is black throughout. 

Fig. 82. Western drywood termite, Incisitcrtnes tnbior. 
Tob.  queen, soldier, and nymphs; center, alates; botton~, 



URBAN ENTOMOLOGY 

Habits. T h e  first evidences of drywood termite 
infestation are usilally piles of brownish fecal 
11ellets (figure 83) below "kickout" holes or  chinks 
a1it1 cracks in the infested wood, particularly 
where outer walls of the wood member have be- 
come excessively thin from prolonged infestation. 

Fig. 83. Fecal pellets of the western drywood termite, 
Ittcisitermes mirror. Lcft, typical pile of pellets on a ceiling 
plate; right, enlarged view of pellets. (From Ebeling, 1968.) 

T h e  pellets are elongate, averaging about 0.85 
mnl in length, wit11 rounried ends, and with 6 
flattened or  rountlly dcl~ressetl srlrfaces. Longitu- 
tlinal ridges occur at tlie angles between tlle 6 sur- 
faces. T h e  shape of the fecal pellet is the result 
of ~xessure exerted by 6 plates of rectal epi- 
tllelium and 6 rectal grooves (Cl~ild, 1934). An- 
other intlication of the insects' presence may be 
tile flight of alates rltrring warm, sunny days in 
tile fall montlis. 

Besides inlesting the dead branches of comnlon 
native trees and sliarle and orcllard trees, dry- 
wootl termites also infest utility poles, posts, and 
piles of lunil~er (particularly sapwood of red- 
wood\ in lumbervartls. They generally enter 

d " 
I~ouscs tllro11g11 attic vents or sliingled roofs but, 
particularly in hot, dry localities, they are often 
fount1 in tllc srlbstrr~ctrrre, where they may have 
entered via the foundation vents. They attack 
rafters, ridgel,olcs, and sheathing in the attic, 
wit~tlo~vlranlcs and sills, door and window jambs, 
tloorsills alltl, ill the substructure, mainly the 
floor joists and adjoining structural timbers. 
They may also infest wooden furniture or  other 
wooden materials within the home. 

Pence (19566) fount1 that under extremely dry 
conditiolls, indivitluals of Itzcisitermes minor in a 
wootl cavity senletl tl~cmselves in tlioror~gl~ly with 
carton and l~uddled togctlier to conserve mois- 
ture. One i~ldividual in such a group survived 
i l l  kiln-rlrierl wood placed in a silica gel desic- 

to watcr, [lie terrni te tlrank until it became turgid 
ant1 then continued its life normally. Because 
lilost kalotermitids can live in dry wood and do 
not I-eqnire shelter tubes leading to the ground, 
they can damage wooden furniture, even if it is 
niovetl about frequently. Tl~is ,  plus the ability 
of a colony to exist in a very sniall piece of wood, 
results in kalotermitids and anotl~er nonsubter- 
ranean termite species being easily dispersed from 
one area to another. They often appear in areas 
far I-emoved from regions in w l ~ i c l ~  they are in- 
digenous, and it is then urgent that such local- 
ized infestations be eradicated. 

The Royal Pair 

After a flight of winged reproductives and sub- 
sequent breaking off of their wings, a mated pair 
of drywood termites will select a place to enter 
wood. Pairs work together to make a hole (figure 
84), anrl then seal tl~emselves in (Harvey, 1934). 
T h e  l~ole  serves as the entrance to the "royal 
cells," and is about 10 cm deep. T l ~ e  "royal pair" 
enlarge the I~ole, and the queen lays her first eggs. 
Generally, 2 to 5 nymphs hatch from the first 
eggs and begin an enlargement of the burrow. 
T l ~ e  nymphs (plate 1, 5; figure 82) perform the 
tluties of the worker caste of the Iligher termites. 
T h e  queen then lays more eggs in the advanced 
part of the main passage of the burrow. 

Colony Composition 

Toward the end of tlle second year, after the 
colonizing pair has entered tlle wood, the colony 
generally consists of tlle primary king and queen, 
one soldier, and a dozen or  more nymphs 

cator lor 2-15 (lays. Its abtlomel~ was the11 corn- Fig. 84. Entrance hole of the "royal pair" 
plctely flat from loss of water. When given access of the western drywood termite. 
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URBAN ENTOM( 

:11e U~iiletl Statcs tlie ni;~jority of infestations are may be requiretl. Most of the periotl is sl) 
said to Ile in attic frall~ing in the llortlieaster~i tlie larval stage, lor t l ~ e  egg and pupal stagc 
area ant1 in tlie sul>structure along the mid- last only about 2 weeks, and the adults li! 
Atlantic Coast (NPCA, 1965). 16 days. Tlle majority of adults fly in J U I  

Description. T h e  arlult females of Hylott-upes .July. Adult beetles often enierge from atti 
6njtrlir.r may reacli a lengtll of 2.5 cm, but the bers a year or two earlier than from bas 
males are only al>out Iialf as long. Tlie atlults are wootl in tlie same builtling, because of tlie 1 
sligl~tly Ilatte~ied, grayisli black to very dark attic teoll>eratures (Patton, 1931; Crai:. 
I)rownisli I)lack, witli Inally gray or yellowis11-gray 1950; St. George et ~ l . ,  1957; Hickin, 
hairs on tlie head and anterior part of tlie body. RIcIlityre and St. George, 19GI). 
However, these may be rubbed off on older speci- 
mens. Two elevated black, shiny knobs on tile Si!?ls zlzjestation 
protliorax give the dorsunl an appearance like a Tliere are a number of indications whe: 
face witli a pair of eyes (figure 122). About a third 11ouse borers are active in a building. In tlic- 
of tlie way posterior on the elytra, and centrally stages of an infestation, the rasping or ti 
located, there are 2 grayish, transverse marks. sounds made by the larvae wliile boring nl 

Tlie full-grown larva (figure 122) is grayisli lieartl, or a blistering of the wood wlien tlie 
white, from 2 to 4 cm long, has a broad thorax, works close to the surface niay be seen. I 
and tapers posteriorly. Tliere are deep folds be- ~voorl surface is probed where tunneling i 
tween tlie abdominal segments, and there is a pectetl, tlie larvae or tlieir powdery boring- 
deep groove running lengtliwise in t l ~ e  center of be located. Only after the buildings are at 
tlie protliorax. Tliere are 3 black ocelli in a row 3 to 5 years old in the southern states, or 
on each side of tlie very small head, but a liand more years old northward from tlie l a t h  
lens is required to see them. T h e  stout, very dark I.\'ashington, D.C., will tlie emerging adul 
jaws are relatively prominent. Tlie pupa is about tlieir 7-nim, broadly oval emergelice hole 
the size of tlie adult, ant1 is at first creamy-white evitle~it (hlclntyre and St. George, 1961). 
ant1 then becomes liglit brown. 

About 150 to 200 wliite to grayish-wliite, spin- Relatiolr of Protein Content to 

dleshaped eggs about 2 mm long are laid in Szlsceptibility of Wood to Attack 

cl~ecks, cracks, crevices, or irregularities of the Becker (19G3) determined that a minimu 
wood. Stacks of lumber are said to be excellent 0.2% of protein \\,as required, in tlie softv 
oviposition sites. It takes 2 or 3 weeks for tlie cggs investigated, to sul>port an oldliouse borer 
to Iiatch. The  larvae feed in tlie dry sapwood ulation. From tliat point, larval develop~no 
fro111 2 to 10 years (usu;illy 3 to 5) until t l ~ e  sap- creasetl ill direct proportion to an increac 
wootl is conlpletely destroyetl. Tliey fill tlieir protein content. Tlie suitability of the wool 
nlines loosely with frass colllposed of tiny pellets tlie developme~lt of larvae decreased as it ; 
and fine, powtlery material. The  frass occupies a probably because of a change in the nut1 
greater volume than tlie wood from which it was value of proteins during storage, a decrea. 
produced, and this causes the surface of the in- vitamin content, and other cliemical or strucl 
festetl wood to have a blistered or rippled appear- clianges in the wood. Tlie suitability of tlie 1. 

ance (Hickin, 1963~). A rhytlimic raspiug or for larval tlevelopment could be fully rest, 
cl~ewirig sound made by tlie larvae may be tlie by the addition of protein and vitamin B. NI 
first intlication of tlieir presence, for tlieir tunnels tlleless, as just stated, some very old building 
seltlorll Ilreak tlirough to the surface, even tllougli being severely attacked. Tlie older the built! 
t l ~ e  il~terior rliay be severely mined. the greater tlie cl~a~lce tliat it may l~ave an i i  

Life Cycle. Tlie adults may remain in the tun- tation, rlesl~ite tlie decreasing ni~tritio~lal valt. 
nels prepared by the larvae for 7 to 10 months tlie wood. 
before emerging, but then live for only a brief During tlie first stages of decay, wood infe 
periotl. Tliey appear in the sulnmer, and oviposi- by wood-destroying fungi, such as Lenziles, sli 
tion takes place at that tinie. In the United States, an increase in protein content and becomes n 
tlie periotl for tlie life cycle of tlie old- favorable for larval development. Likewise, I 

. - 
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Figure 8-P. Xyletinus peltatus (Harris). This is a brown 
to reddish brown beetle clothed with fine yellow hairs. 
(From "Recognition of Structural Pests and Their 
Damage" by H. L. Sweetman,-by permission of Wm. C. 
Brown Co., Inc.) 

poorly ventilated areas where moisture tends to 
collect. Its common name is derived from the ticking 
sound that the adult makes inside infested wood that 
is audible in the hush and stillness of night. The 
sound is actually a mating call. 

Xy/erinus pe/tutus is a serious pest in the South- 
east United States of crawlspace timbers. (See Figure 
8-P). Infestations tend to build to such proportions 
that serious loss of structural strength to sills, joists, 
and subflooring areas occurs. 

LONG-HORNED BEETLES OR 
ROUNDHEADED BORERS 

Famlly Cerambycldae 
The beetles of this family lay their eggs in cracks 

or crevices in bark or on the surface of rough-sawed 
timbers. The larvae are wood borers. 

Mature larvae are large, varying from % to 3 or 4 
inches long. The body is long and narrow and a light 
cream color. The rear portion of the head is partly 
drawn into the body so that only the mandibles and 
other mouthparts are easily seen. 

Adults are large, conspicuous beetles varying in 
length from Yi to 3 inches long. They can be easily 
distinguished from other beetles by their long, thin 
antennae which may be longer than the body. Many 
species have conspicuous markings on the wing 
covers. 

The most common structural pest of this family, 
and the only one which occurs with any degree of 
regularity in houses and other structures, is Hylo- 
tncpes baju/~cs (Linnaeus), the old house borer. It is a 
fairly common pest, and its larvae hollow out exten- 
sive galleries in seasoned softwood. 

The old house borer is mainly a pest of newer 
structures, although it is found in older buildings. It is 
well established along the Atlantic Coast, but infesta- 
tions have been reported as far west as Louisiana and 
Minnesota. 

Adults are greyish-brown to black with the dor- 
sal surface densely covered with light-colored hairs. 
They are about ?4 inch in length with two white 
patches on the elytra. On the pronotum there are two 
black, shiny bumps. When these bumps are sur- 
rounded by the long grey hairs, the result is an owl- 
like appearance. (See Figure 8-4). 

The life cycle usually is three to twelve years, al- 
though it can be considerably longer if environmen- 
tal and nutritional conditions are not favorable. Since 

the beetle has a very long life cycle and can infest the 
same piece of wood again and again, it may be many 
years before serious structural damage is recognized. 

i 
The exit holes do not occur in very large numbers un- 
til the infestation has been established for several 
years. This, along with the fact that larvae will do ex- 
tensive feeding without breaking through the surface 
of the wood, make it necessary to inspect infested 
wood very carefully to detect old house borer 
damage. Rough wood being examined should be 
probed or struck to detect weakness or the presence 
of boring dust. If exit holes are present, they will be 1 
broadly oval and about % to % inch in diameter. ~ 

Like a number of other members of this family, 
the old house borer is able to digest cellulose. Since 

IZb anwl ah.) 

Figure 8-Q. The old-house borer. Hylotrupes baiulus 
(Linnaeus). This large beetle is quite destructive to 
seasoned softwoods where the larval stages construct 
extensive galleries which are packed with powder-like 
frass. It is one of the long-horned beetles of the family 
Cerambycidae. (A. Provonosha) 

carbohydrates are readily available to this insect, the 
limiting nutritional factor appears to be the supply of 
protein. Larval development is more rapid in wood 
which is infested with fungi. 

BARK AND TIMBER BEETLES 
Famlly Scolytidae 

There are a number of species of the family Scoly- 
tidae which may be of concern to the pest control spe- 
cialist. The bark beetles excavate extensive galleries 
immediately beneath the bark. Certain patterns of 
tunnels are characteristic of certain groups within the 
family. The timber beetles excavate tunnels in solid 
wood. Some of them derive nourishment directly 
from the wood. Others feed upon fungi which they 
cultivate within the galleries. The eggs are deposited 
within the galleries. These beetles are often (but not 
always) associated with wood from trees which are 
either dead or dying. 

The bark beetles may create problems in log cab- 
ins, park shelters and similar structures made of 
roughhewn wood in which the bark is left intact or in 
which small areas of bark are left in place. Other 
common sources of bark beetles are rustic lawn and 
porch furniture and firewood brought indoors during 
winter. 

Timber beetles are sometimes troublesome when 
they emerge from improperly seasoned wood used in 
hardwood floors or in decorative paneling. Although 
the emerged beetles may be a nuisance for a short 
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, . chapter eight . , 

other wood destroyers 
TERMITES other than subterranean termites are 

divided into three groups: dry-wood, damp-wood, 
and powder-post termites. Of these, dry-wood ter- 
mites are the most common, although damp-wood 
termites may be found frequently in some limited 
areas. The classification followed herein is that of F. 
M. Weesner. 

NON-SUBTERANEAN TERMITES 
DRY-WOOD TERMITES 

Famlly Kalotermltidae 
Dry-wood termites generally live in undecayed 

wood which has a very low moisture content. They 
do not require any contact with the soil in order to 
live. In the United States, they are found in a narrow 
strip from Cape Henry, Virginia, on the Atlantic, 
south to Florida, along the Gulf of Mexico, and 
from Mexico to northern California on the Pacilic 
coast. (See Figure 8-A). 

These termites bore directly into wood and make 
their nests in the wood itself. Because they do not re- 
quire any contact with the ground, they can seriously 
damage movable wooden objects such as furniture. 

A male and female pair work their way into the 
wood chosen for the nest. The opening through 
which they enter the wood is sealed with a plug of 
brown cement about I/B inch in diameter. Behind this 
plug they excavate a chamber where the queen lays 

the first eggs. The nymphs which hatch from these 
eggs perform the work of the colony. Soldiers and 
reproductives develop from these nymphs. There is 
no worker caste. 

During the swarming season, nymphs make 
round holes 1/16 to V i  inch in diameter through 
which the reproductive forms leave the wood. When 
swarming is completed, these holes are plugged in the 
same way as the entrance holes. 

Damage done by dry-wood termites is entirely 
different from that caused by subterranean termites. 
These termites cut across the grain of wood, excavat- 
ing large chambers which are connected by small tun- 
nels. (See Figure 8-B).* The chambers and tunnels 
being used by the coiony are kept dean. Excreta and 
other debris are stored in unused chambers or cast 
out through small openings in the wood. 

Excretal pellets are a distinguishing characteristic 
of non-subterranean termites. These pellets are hard 
and have 6 distinct concave surfaces on the sides; only 
the ends are rounded. (See Figure %C).* Certain ano- 
biid beetles also eject pellets from wood on which 
they feed. These can easily be distinguished from 
those of termites because they have rounded, convex 
surfaces. 

Entrance into wood is usually made from a crack 
or crevice which the termites can enter before boring 
into the wood. This may be a crack in the wood itself 
or may be the joint between two pieces of wood or 
*See color scclion in ccnlcr or book 

Figure 8-A. A winged adult dr wood termite and the areas where found (shaded) in the United States. (Redrawn from 
a plate by T. E. Snyder. 1958: provided by the National Pest Control Association.) 
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even the space underneath the roofing paper or 
sheathing paper. 

Because of their ability to live in wood without 
contact with soil, non-subterranean termites are fre- 
quently carried in infested furniture. and other 
wooden objects into geographical areas where they 
are not normally found. For this reason, pest control 
specialists should be aware of their habits so as to 
recognize them when they appear. 

Dry-wood termites may attack wood products of 
all kinds. Structural timbers and woodwork in build- 
ings, as well as furniture and other wooden objects, 
may be damaged. Although serious damage is done 
to buildings and other wood products in some areas 
of the U.S., these termites are usually less injurious 
than Subterranean termites, simply because they are 
less widespread. 

The dark, western dry-wood termite, Incisilennes 
niitior (Hagen), is found from California east to Ari- 
zona and Utah. In this area, it causes extensive dam- 
age to structures as well as to wooden derricks, piled 
lumber, furniture and telephone poles. It may infest 
any dry wood portions of a structure from founda- 
tion plates to the roof, and it is the most destructive 
dry-wood termite in this country. 

Small flights occur during April through July, fre- 
quently after rains. Winged adults are dark brown 
and about 1/2 inch long. The white, soft-bodied 
nymphs remain in the galleries and are not seen un- 
less the wood is broken open. 

The light, western dry-wood termite, Margini- 
tert?ies hlcbbardi (Banks), is found from California to 
Arizona. It is also referred to as the southern dry- 
wood termite. This termite is very similar in habits to 
the western dry-wood termite but prefers drier condi- 
tions and higher temperatures. 

The light, southeastern dry-wood termite, Incisi- 
terrnes snyderi (Light), is found from South Carolina 
to Florida and west to Texas. It is the most injurious 
species of dry-wood termites in that area. 

Another southern dry-wood termite, Itlcisirennes 
schwarrzi (Banks), is a common species in southern 
Florida occurring as far north as Pensacola. 

The dark, southeastern dry-wood termite, Kaio- 
tert?ies approxitnarus Snyder, occurs along the Gulf 
Coast west to New Orleans and on the Atlantic Coast 
north to southern Virginia. It attacks both timbers in 
structures and in posts and utility poles. 

ROTTEN-WOOD, DAMP-WOOD TERMITES: 
Kaiotermitidae, Hodotermitidee, 

and Rhinotermitidee 
The group contains some of our largest termites 

with bodies as much as one-inch long and with wings 
of alates twice that length. Although damp-wood ter- 
mites do not require contact with the soil in order to 
obtain moisture. they cannot live in dry wood, but re- 
quire wood with a high degree of moisture content. 
They are also usually associated with wood decay. 

They plug openings into the wood and excavate 
large galleries, as do dry-wood termites. They do not, 
however, keep the galleries clean. Their pellets can be 
found throughout their tunnels in infested wood, al- 
though many of the six-sided pellets are discarded 

from the galleries through small openings in the sur- 
face of the wood. 

The rotten-wood termite, Zootermopsis angurri- 
collis (Hagen), is the largest of our native termites and 
is the most important termite of this group from an 
economic viewpoint. Since moist but sound wood is 
attacked, this species perhaps should be called more 
properly a damp-wood termite. There is no worker 
caste. The work of the colony is carried on by the 
nymphs of the soldiers and reproductives. It occurs 
most commonly in the cool and humid coastal areas. 
Sporadic infestations are found at lower altitudes in 
southern California. It occurs commonly at higher 
elevations in the coastal ranges of mountains. As one 
moves north along the West Coast, the frequency and 
severity of occurrence at lower elevations becomes 
more pronounced. The rotten-wood termite is a ma- 
jor problem at low altitudes along the coastal areas of 
Washington and Oregon. According to Snyder, al- 
though termed a rotten- or damp-wood termite, this 
species continues to live in dry, sound wood. Occa- 
sional colonies of this termite are carried to other 
parts of the country in shipments of lumber, but it has 
been unable to establish in these areas. 

Winged forms are light brown with dark-brown 
leathery wings. Nymphs are white to cream-colored 
with a darker abdomen. These termites swarm in 
relatively small numbers, 50 to 60, from a single col- 

I 
ony. Swarmers are attracted to light and are com- 
mon about street lights at night. 

The desert damp-wood termite, Paraneotennes 
sirriplicicornis (Banks), which is found in the South- 
western states from Texas to California, differs from 
other damp-wood termites in being subterranean in 
habit. It attacks only moist wood. This termite is of 
horticultural importance since it frequently attacks 
the underground parts of shrubs and young trees and I 

I 
is particularly troublesome in residential areas and 
citrus groves. It is also found in fence posts and in 
baseboards and door frames of buildings. Flights oc- 
cur in July and August in evenings after rains. 

The Florida damp-wood termite, Prorhinotemes 
sinlpiex (Hagen), is found in the extreme southeast- 
ern counties of Florida and in the Keys. It lives nat- 
urally in damp but solid logs near salt water, and is a 
common pest of buildings in the limited area where it 
is found. It is not earth-inhabiting although it may en- 
ter logs beneath the soil. 

There are several other damp-wood termites 
which may be found occasionally in buildings. These, 
however, are not very common. More complete in- 
formation on them can be found in the selected refer- 
ences at the end of the chapter. 

POWDER-POST TERMITES 
Famlly Kelotermltldee 

Powder-post termites live in dry wood, damaging 
structural timbers as well as furniture. They enter 
wood through tiny openings and excavate galleries as 
do dry-wood termites. The galleries are not kept clean 
but are frequently filled with the fine powder to which 
the wood is reduced by the termites. 

Powder-post termites are easily distinguished 
from dry-wood termites by their much smaller size 

Subterra~ean Termiles and Other Wood Destroying Organisms 
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subterranean termites' 
CONTROL OF TERMITES is a major portion 

of pest control work over a large part of the country. 
Many specialists do no other kind of work, while 
most of those who control other household pests also 
do termite control. In no uther aspect of pest control 
do so many variables affect the type of work to be 
done and the results of the control operation. Ter- 
mite control specialists must know building con- 
slruction, understand the proper and safe use of 
chemicals, maintain equipment, recognize safety 
hazards, and use considerable judgment in the per- 
formance of every job. 

The order lsoptera consists entirely of termites 
which are primitive insects closely related to cock- 
roaches. In nature they help to convert dead wood 
and other materials containing cellulose to humus. 
From [his standpoint, termites are very beneficial ani- 
mals. Only when man started to build in the natural 
home of the termite did they start feeding on his 
buildings. Termites harbor certain one-celled organ- 
isms in their digestive tracts, and these organisms 
convert cellulose into simple substances which the ter- 
mites can digest. Termites are social insects in which 
there is a division of labor between different types of 
individuals (castes). Nearly all termite species have 
reproductive and soldier castes. In many termite 
societies there is a distinct worker caste,* but in many 
of the more primitive species the typical duties of the 
workers (nest building, food gathering, and feeding of 
reproductives and soldiers) are handled entirely by 
the nymphs. Even in species with workers, the older 
nymphs usually do much of the work. These individ- 
uals are referred to as functional workers. 

*The literature concernirrg subterranean termites con- 
tains n1an.v references to the worker caste. Recent in- 
vestigations of living colonies indicate that there n r a  
rtot be a tme worker caste in our conrmort North 
Anrericart species, and that what we have long con- 
sidered to be workers are actually late irrstar n.vnrphs. 

Workers and nymphs of subterranean termites 
perform all of the work of the colony and are the 
forms which do all of the damage to structures which 
are of concern to the pest control specialist. Soldiers 
serve only to defend the colony against its enemies 
and cannot eat wood. They, together with the reprod- 
uctive~. are fed bv the workers. Both workers and sol- 
diers a;e blind. d 

Winged adults are referred to as the primary 
reproductives. They emerge from the colonies on 
colonizing flights at certain seasons of the year. After 
these flights, they lose their wings and construct a 
small cell in which they mate, reproduce, and rear the 
first group of workers. Where these primary forms 
are not present, supplemental or secondary reproduc- 
'Order Isoptera. Fam~ly Rhinotermitidae 
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tives without pigmentation or functional wings occur, 
often in large numbers. 

Each termite colony is self-supporting and essen- 
tially independent of other colo~iies. 

LIFE HISTORY 
The stages in the life history of subterranean ter- 

mites are essentially the same for the various species 
of concern to the pest control specialist. Refer fre- 
quently to Figure 7-A as you read the following para- 
graphs. 

Termites develop from eggs which are laid by the 
primary or secondary reproductives. 

Nymphs hatch from the eggs and undergo several 
molts through which different individuals develop 
into various forms. (See Figure 7-R).* Four different 
castes can develop from nymphs: workers, soldiers, 
winged, or primary reproductives, and supple- 
mentary reproductives. (See Figures 7-C and 7-D).* 

Figure 7-A. Representatives of the castes of the eastern 
subterranean termite, Reticulitermes flavipes (Kollar). 
Right: The winged (alate) primary reproductive. These 
alate forms are the familiar "swarmers" which often give 
the first indication that a structure is infested. Middle 
row, top: The sexually undeveloped worker. The mem- 
bers of this caste are the individuals which do the actual 
damage. Note the complete lack of wing pads. Middle 
row, center: The soldier is greatly modified in head 
structure and serves a completely specialized function 
in the division of labor within the colony. It works solely 
in the defense of the colony and cannot feed itself. Mid- 
dle row, bottom: A developing supplementary repro- 
ductive. Note the lengthened wing pads which are 
usually the first indication of the development of these 
reproductives. Left: A functional supplementary repro- 
ductive. Female supplementary reproductives are 
thought to be the most important of the reproductive in- 
dividuals in the subterranean termite society. 
'See color sectton in  center of book 
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In new colonies, nymphs from the first small batch of 
eggs usually all become workers. Other forms are not 
normally produced until later egg laying. 

In species in which workers occur, they are the 
most numerous individuals in a termite colony. They 
perform all of the work of the colony - feeding the 
other forms, grooming the queen, excavating the nest, 
and making the tunnels. In the process of making 
nests and tunnels and ingesting food, they chew and 
eat cellulose, thus causing the destruction which 
makes them of econoniic importance. Worker ter- 
mites are usually light colored and do not have wings 
or other specialized structures. 

Soldier termites serve the specific function of 
protection of the colony from its enemies. Their 
heads are large, quite hard and have much larger jaws 
than are found in the other forms. When openings are 
made into termite workings, the soldiers gather, with 
their large heads and strong mandibles facing out- 
ward, to protect the colony from invaders. 

Supplementary reproductives of both sexes are 
wingless or have only very short wings. These forms 
are developed as needed and quickly take the place of 
3 queen who is injured or dies. They usually develop 
in addilion to the regular queen and become the most 
important source of eggs in the colony. Others, with a 
group of males and workers, may become isolated 
from the colony and establish a new one, thus spread- 
ing the original infestation without being visible 
above ground at any time. 

Primary reproductives (swarmer termites) are the 
forms most often seen by householders. The winged 
adults are usually much darker than the other 
members of the colony. All 4 wings are the same 
length and extend more than the length of the body 
beyond the tip of the abdomen. Both male and 
female reproductives leave the colony in great 
numbers, usually in the spring or fall, in swarms 
which are often the first visible indication that ter- 
mites are present. Environmental conditions have to 
meet certain requirements before termites will swarm. 
The temperature, moisture both within and outside 
the colony, light conditions and even barometric pres- 
sure influence swarming activities. As a general rule, 
swarnlers emerge on warm sunny days when the 
humidity is high. 

After a brief flight, the wings are broken off and 
males and females pair and attempt to establish a new 
colony. They are particularly defenseless at this time, 
arid many die or are killed by their natural enemies. 
Each surviving pair will make a small cell in which 
lliey will niate and lay eggs. Although this is the 
classical cycle of termite reproduction, there is an un- 
fortunate tendency to overemphasize the importance 
of lhe primary queen. Supplementary reproductives 
arc responsible for the production of most of the eggs 
within 3 colony after it has become established. In a 
colony of one million individuals, the queen may 
have laid as few as 10,000 of the eggs from which in- 
dividuals develop, with supplementary reproductives 
responsible for the remainder. ' 

S~armer  termites are often confused with flying 

or swarmer ants. Since ants are often seen swarming 
around buildings, it is important to be able to dis- 
tinguish the two so appropriate control recom- 
mendations can be made. Ants have a very thin waist 
between- the thorax and the abdomen while termites 
are broad waisted. Termite wings are all about the 
same size and shape, whereas the forewings of the ant 
are larger, longer anhl of a different shape than the 
hindwings. A third difference involves the antennae 
with termite antennae being straight and ant anten- 
nae being elbowed. 

THE TERMITE AND ITS ENVIRONMENT 
Subterranean termites are very closely dependent 

upon a complex of environmental factors which nor- 
mally restrict the colony to the soil. Contact with the 
soil as a source of moisture has been mentioned previ- 
ously, and although this is the fundamental need in- 
volved, the simple statement that moisture is essen- 
tial tends to make the relationship seem more simple 
than it really is. 

The workers, soldiers, supplementary reproduc- 
lives, and nymphs are soft-bodied insects which tend 
to lose water very rapidly upon exposure to dry air. 
This fact illustrates one of the important functions of 
an available moisture source, and it is reflected in the 
habit of construction of tubing when the termites pass 
over exposed areas. While these tubes serve as a 
means of concealment and also to some extent as a 
mechanical barrier against intrusion of ants, it is 
probable that retention of moisture and preservation 
of a high humidity in the air surrounding the termite 
is the most important function. The negative re- 
sponse to light which termites exhibit is inti- 
mately involved with keeping the termite in a con- 
cealed environment and may have come about as a 
result of response to the great problem of water loss. 

The mere retention of moisture is not the only im- 
portant factor of the life of the termite which is 
associated with water. The warm, moist conditions 
which prevail within the closed system of the nest 
provide an ideal site for the growth of micro- 
organisms, particularly fungi, which apparently pro- 
vide the necessary source of protein and vitamins 
which are essential to the termite. The accumulation 
of fecal material, in turn, adds to the material avail- 
able to promote the growth fo the fungi. 

The most striking facet of this intricately jnter- 
dependent system is the delicacy with which it is bal- 
anced. It is not rare to discover the remains of a ter- 
niite colony which is slowly being crowded out by the 
growth of fungi which has for some reason pro- 
gressed at a rate such that the termites could not 
"keep up with it." I f  sudden temperature shifts or 
other factors result in the accumulation of liquid 
water within the galleries, a condition exists which is 
most unfavorable to the termites, and they may liter- 
ally drown. L c h  autumn the termites in the temper- 
ate zone normally respond to more gradual ternpera- 
ture changes by moving downward in the soil where 
the necessary stable conditions of temperature and 
humidity can be maintained. In the following spring. 



' t h e  coiony then seems to respond to increased 
temperatures and moisture in the soil above and 
again moves upward. 

SUBTERRANEAN TERMITES OF 
NORTH AMERICA 

The large majority of termite damage which 
occurs in the United States is caused by subterranean 
termites although, in ,certain snecific areas, others 
may be the principal problem. Several species of the 
genus Rerictilitert~tes comprise our most important 
and widespread group of subterranean termites. 

Subterranean termites differ from the dry-wood 
and damp-wood termites in that colonies usually 
need to maintain contact with the soil in order to ac- 
quire enough water to survive. In a few cases, where 
structural timbers are sufficiently moist, colonies are 
able to survive without ground contact. This, how- 
ever, is not common. The underground colony lives 
in a series of chambers and galleries from which they 
construct mud tubes to the wood which they use as 
food. 

The eastern subterranean termite, Rericulirennes 
flavipes (Kollar), is thought to be the most common 
and widely distributed termite in North America. It is 
found from Ontario, Canada, south to Florida and 
west to Arizona and Utah. 

This very destructive termite damages building 
timbers and contents, fence posts and utility poles, 
and occasionally living plants. 

Swarming begins as early as February in the 
southern states and as late as May or June in the 
colder areas. In addition, late fall swarming from 
September to November may also occur. Swarms 
have occurred every month of the year where associ- 
ated with heated slabs. 

The light southeastern subterranean termite, 
Reticii1itert)res hngeni Banks, occurs from the District 
of Columbia south to Florida and west to Texas and 
Kansas. Swarming occurs from August to October in 
the northern part of its range and from October to 
February in Florida. 

The southeastern subterranean termite, Reticuli- 
termes virgininis Banks, is found from Philadelphia 
south to Florida and west to eastern Texas and Okla- 
homa. Swarming flights occur in May or June with 
some fall flights in October and November. 

The Pacific Coast subterranean termite, Retinrli- 
termes hespenrs Banks, is the most destructive sub- 
terranean termite on the West Coast. This termite 
excavates galleries in wood similar to those of the 
eastern subterranean termite, spotting the wood 
with dirty, yellowish-brown fecal spots. Shelter tubes 
are built but less commonly than by the eastern ter- 
mites. This termite is found from British Columbia 
south to western Mexico and east to Idaho and 
Nevada. It is a slowly developing species with the 
flight of reproductives not usually occurring from 
new colonies until after the fourth year. 

The arid land subterranean termite, Rericuli- 
rennes tibialis Banks, is found from Oregon and 
Montana south to Western Mexico, east to Indiana, 

and south to Missouri, Arkansas and Texas. Much of 
this distribution overlaps that of the Pacific Coast 
subterranean termite; however, the arid land subter- 
ranean termite is the species found in the dryer por- 
tion of the area. 

Another subterranean termite that has been 
found in the continental United States as well as 
Hawaii is the Formosan subterranean termite Copto- 
termes fonnosnnta Shiraki. Since 1965 this termite has 
been found in several cities along the coast lines. The 
number of infestations already located, the evidence 
of large widely dispersed swarms and the Fact that 
some infestations appear to have been active for wars 
suggest that this termite is now firmly established on 
this continent. It is one of the world's most aggres- 
sive and economically important species of termite, 
and has been reported to cause more damage to 
structures in Hawaii than any other insect. l'hcy 
represent an extreme economic hazard in all areas 
where they become established. Although subter- 
ranean in nature, the termite is quite active when free 
of soil contact as long as enough moisture is present 
to support the colony. Although this termite is fount1 
mainly in tropical regions, it has moved into more 
temperate areas by way of the shipment of infested 
wood and wood products. The control of this ter- 
mite is often more difficult than other subterranean 
species. However, the principles of control, applica- 
tion technique and recommended chemicals are the 
same as those discussed later in the chapter. Arldi- 
tional steps may be necessary, such as removing mois- 
ture sources above ground and injecting chemicals, 
removing the secondary nest from wall areas, or 
fumigating in extreme cases, the above-ground por- 
tions of well-established colonies. 

In addition to the members of the genera Reticuli- 
ternles. and Coptotermes, the soldierless, nasutiform 
and desert termites are subterranean in habit. Of 
these, only the desert termite, Antitern1e.r bv11eeler.i 
(Desneux), damages buildings. This species is dis- 
tributed from southwestern Texas through Arizona 
and Nevada to California. In nature, they live in dead 
trees, stumps and cactus plants. They are strong fliers 
and invade buildings built in desert areas. 

INSPECTIONS FOR SUBTERRANEAN 
TERMITES 

When called to a building in which a subterranean 
termite infestation is suspected, a pest control special- 
ist must be able to determine whether or not termites 
are actually present. This is often a difficult problem 
requiring a great deal of effort and the use of special- 
ized techniques and information to reach the correct 
solution. 

The termite inspector must know which species 
are present in  his locality. He must know the habits of 
each of them in order not to miss any possible sign of 
infestation. He must be able to recognize the signs of 
damage in order to know whether or not termites are 
present and to evaluate the extent of an infestation 
when it occurs. 

I n  making the inspection, a good bright flash- 
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necker ant1 Kerner-Gang, 1964; Kovoor, 1 964; 
Berker, 1965; Smytlie ant1 Coppel, 1966~). For 
rearing termites in the labor;~tory, Becker (1969b) 
s~~ggcstetl the use of wootl blocks with about 3 
to 10y0 weight loss owing to attacks by brown-rot 
Rasitliomycetes, sucli as Coniophol-n ptitea?zn, 
L G I I Z ~ ~ C . ~  S I ) ~ . ,  P01ypor11.r spp., or ~\fel' t~li t ls  lnciy- 
t?lnn.r. Tile myccl i~~m of certain nontoxic fungi 
call I)e atltlctl wit11 atltlitional benefit. 

U7orkcrs of t l ~ e  eastern srrl,terranc:~~i tcrli~itc, 
Retictilito-rt~c.r fiuipe.r, wlicn exposetl to botll 
tlccayed and sound wood of 6 wood species, ate 
1.4 to 2 times more decayed than nondecayetl 
~vootl. During an 8-week test, sllrvival of termites 
was I~igliest on wood tlecayetl by Dnedalen qirer- 
rina ant1 Poiin olernccn. Termite survival loas 
better on oventlrietl decayetl wood than on less 
dry sountl M-ood for all wootl species except a 
walnut (\trglnn.r nigrn), on ~vllich there was no 
survival (Smytlle ct nl., 1971). 

T l ~ e  question is sometimes asketl whetller sub- 
terraneA termites will feet1 on sountl wootl that 
is not infected L y  fungi. T o  obtain information 
on this subject, Pence (1057) collectctl Relic~rli-  
tel.vics hesper.tls from sountl, wliite Do~rglas-fir 
luml~er antl placetl tlie insects on sterilizetl ant1 
ovcntlrictl &ips of t l ~ e  same wootl, tlyetl with 
Illtlin ink. l~\ ' i t l~in n few I~o~lrs ,  their intestinal 
tracts were fillet1 with tlie dyed wootl. 14?1en 
given a clioicc, tl~ey fetl on black wootl exclu- 
sively in the presence of light, I ~ u t  fetl on eitlier 
I)lack or wliitc (r~ntlyetl) wootl intliscrimil~ately 
~ v l ~ e n  placetl in tlarkness. Tliere is no doubt that 
~ e r ~ n i t e s  attack ant1 destroy perrectly sountl tim- 
her, I ~ u t  tlie galleries they form in the tvootl are 
soon iilfectetl tvitll fungi, ~vllich probably are a 
useft11 anielitl~nent to their diet. 

T l ~ e  castern subterranean terlnitc was attractetl 
I)y aclucot~s cstracts of (i species of wootl tlccayctl 
1,y tlic lungrls Leltzifes tinben, to 3 species 
tlcc;lyctl I,y Poi-in roco.r, ant1 to I each tlecayetl 
I)r I.c.nlinrrr 1epitIc~r.r antl Dnetltilen qirer-citrn 
(Slnytl~e el nl., 1971). Attractancy of ~vootl tle- 
cayetl by L. tiabra sl10111tl not I,e constrl~etl to 
imply usefull~ess of the fungus to termites untler 
natural contlitions; in fact, Snlytlie et nl. (1971) 
iountl it to be associatetl with generally tlecreasetl 
termite st~rvival. However, tllere has been much 
recent investigation on the subject of attractant 
fungi I~ecause of the possil)ility tliat their ex- 
tracts, coml~inetl with suital,le insecticides, may 
pt-ovitle spccific control, or that f111lgal parasites 
n ~ ~ c l  ~ ~ n t l ~ o g c ~ i s  niay I)e usetl in I)iological control 
(Esentl~cr a11t1 Gray, 1938; Santls, 1939). 

Unique genera and species of oxymonatl, trich- 
o~nonatl, and liypermastigote flagellates (proro- 
zoa) that occur in the intestinal tracts of termites 
are f o i ~ ~ i d  only in the 4 most primitive termite 
lamilies: hfastoterniititlae, Hotlotern~ititlne, Kalo- 
termi ti tlae, ant1 Rliinotermititlae. The  great ma- 
jority of these flagellates ingest wood particles, 
ant1 ;Il)pear to be indispensable for the survival 
of tlie ternlites. A l t l~o~~g l i  there appears to be no 
clor~l~t t11;lt tllc fl;~gcllatcs are r e s l~o~~s i l~ l e  for 
cell~llase activity in the hindgut of t l ~ e  lo~rer  ter- 
mites, it seems tliat they do not contribute sub- 
stantially to the nitrogen (for protein) require- 
ments of the insects. Possibly, the bulk of the 
nitrogen is supplietl by fungi present in the \\lootl 
(Honigl~erg, 1970). Tlle higher termites (Ter- 
mititlae) possess protozoa such as found in other 
insects and in otlier invertebrates, antl even in 
tlie l a r ~ e  intestines of some vertel,rates, but they 
t ~ o  notdepent~ on them for the tligestion of ~voot~ .  
I n  fact, as a rule they do not feed solely on wood 
or cellulosic material, and what ~vood they (lo eat 
is usually much more decayetl than the wood 
catcri I,y the lower termites. 

T h e  'function of tlie fungus in tlie fungus - 
conll,s of the Termititlae "appears to he mainly 
the I)reaktlo~vn of lignin, but it pl.ol)ably also 
supplies nitrogenous materials ant1 possibly other 
factors, such as vitamins" (Santls, 1969). 

TERMITES 

Tcrniites are social insects of the order Isop 
tera. They live in colonies conlprisi~~g winged 
ant1 wingless reprotluctive forms and numerous 
winglcss sterile workers, nymplis, and soltliers. 
Des~ i t e  t l ~ e  fact that social insects account for 
only n s111al1 percentage of the structural pests, 2 
groups of social insects, termites ant1 ants, are 
nmol~g tlle first 3 in importance. T l ~ e  other 
group, t l ~ e  cockroac1~es, colnprises ancient insects 
from ~vhich the termites are believed to have 
tlesccntletl. 

Tcr~nites leetl on wootl, and tllroughout a large 
area of the worltl they are the most tlestructive 
insects to wood structures. This is a measure of 
the importance of their natural role in nature- 
breaking clown antl returning to the soil antl at- 
mosl)here the enormor~s tonnage of dcad and 
fallen trees ant1 other cellulosic material that is 
contiiiuously accumulating on the earth's surface. 
Tlley are important pests of agricult~iral crops, 
forest nursery seetlliugs, and range grasses, and 
also clan~age an enormotls amount of stored foot1 
ant1 I~o~~selioltl  furniture ant1 commotlit ics, in- 
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clutling even most plastics (Snytler, 1935, 1955b; mean isotlierm north and soutli of tlie equator, 
Harris, 1961; Ebeling, 1968). Damage from ter- only time will tell Iio~v much farther they may 
mites plus the cost of controlling them probably be able to go because of the improvetl micro- 
amounts to approximately a half billion tlollars climate affortletl them Ily heated I)~tiltlings. 
per year in tlie United States alone (Ebeling, In Mrisconsin, tlie approximate northern limit 
1968). Our knowletlge of the history of South for tlie eastern sul>terranean termite, Reticirli- 
America wol~ltl probably have been mltcli more termcs Pnvipes, coincitles witli an annual mini- 
complete if it hat1 not been for termites, for they mum isotherm of  -30' C (-22O F). Upwartl move- 
are said to have eaten most of the books more ments of termites from tlie soil cease near zero 
than a century oltl (Howse, 1970). C, and they over~vinter primarily at  a soil tleptli 

Termites are foitntl in tropical, sul)tropical, of from 3 to over 4 ft (1 to 1.5 m). In  this way, tlie 
antl in most temperate climatic zones. They are insects ran escape atlverse weather mntlitions, 
inrreasing tlieir range antl density northward, such as tlryness or  low temperature. I t  appears 
being favored 11y the acceleratetl url~anization tliat the most atlverse effect of winter is to con- 

affords them a particularly favorable environ- Tlie survival of termites in colt1 climates tlepentls 
ment for the establishment of colonies. on their ability to repopulate (luring the warm 

hfuch has been written about termites, yet season (Esenther, 1969). 

titled Termites and Termite Control. It was extending tlieir range into coltler reginns. Esen- 
etlitetl Ily C. A. Kofoid, and publislietl by the tlier (1969) points out tliat only "man-orientetl" 
University of California Press in 1934 (partially rolonies have been fount1 in \\'isconsin. He  Ile- 
revised in 1965), and inclittles the contributions lieves that they were introtl~tcetl originally on  
of 35 experts on termite I)iology, taxonomy, and infested lumber antl spreatl maitily throitgli new 
control. In 1969 antl 1970, a treatise of 2 volumes, colony formation facilitated by their sul~terra- 

antl control of termites, as well as wootl-preserva- I%ecker (1!)70(r, b )  Ii;ls ol)scrvctl tlilTcrenccs I)e- 
tion procetlures, written from a worltl stantlpoint. twecti I?rlir.rr/ilc~.srr e.r //(rail~r..r in  \\'iscnnsi ti ;inti 

An excellent poplilar book on  termites was Hatnb~trg, Germany, when comparetl witli what 
written by Ho~vse (1970). Ite ronsitlers to I)e I)ioecological races of that spe- 

The  lower termites (e.g., drywood antl tlamp- cies in South Carolina antl Hallein. .\ustria. Tlie 

Biology and Colony Formation 

Along witli tlie ants ant1 tlie more liigl~ly organ- 
Climatic Limitations izctl 1)ees ant1 wasps, tllcy I~clong to tlie t i~t ly  

Altliougli termites were able to extend their social or  e71social insects. Tlie conimon traits of 
range  to approximately tlie 50° F (10' C) annual eusocial insects are: (1) cooperative caring for 



the young, (2) a division of labor in wliicli more 
or less sterile ifidivitlunls work on behalf of fe- 
cr~ntl intlivitluals, ant1 (3) an overlap of at least 
2 generations in life stages so that during some 
pe~iot l  oE t l~eir  life, tlie offspring can assist their 
parents. Species of insects lacking all tliese traits 
arc calletl soliln~y. Tliere are also many species 
anlong tlie wasps and bees that are in various 
stages of sociality between solitary ant1 eusocial 
(IVilson, 1971). 

A society can be developed only if its members 
are long-lived. Tliis in turn depends on an ade- 
quate and continuous food supply. Termites 
solved this problem by acquiring tlie ability to 
use wood-cellulose as food. T h e  principal termite 
pests in the United States are in the families 
Rl~inotermititlae and Kalotermitidae, tlie mem- 
bers of wllicli depentl on protozoa (mastigopho- 
ran flagellntes) in tlieir liindguts to break down 
ccllulose. Termites do  not possess these protozoa 
when they are born; they milst o l~ ta in  tliem by 
~~roctotlenl feetling, that is, feetling upon liquid 
intestinal content taken from tlie anal aperture 
of an  oltler termite. Every time the terniite molts, 
tlle lining of t l ~ e  hintlgut is shed, along with tlie 
entire hotly cuticle, and the protozoa are lost. 
Refallnation takes place by proctotleal Eeeding 
(Alltll-ew, 1930; Honigberg, 1970). 

In some areas of tlie world, termites belong 
primarily to tlie family Termititlae. T h e  ter- 
mititls are rcsponsihle for most of tlie earthen 
t e r~ r~ i t e  niouiitls, some as mucli as 10 meters in 
Iieiqlit. w l ~ i r l ~  form a cliaracteristic feature of 
mall? lalitlscnpes of tlie African and Asian trop- 
ics. l'liese termites l~ave no intestinal fauna of 
tlie tvpes that can aitl in tligestion. They may . - 
con:ume grass, leaves, l~urnus,-tl~e manure of her- 
bivr;~.ous animals, and decaying wood. T h e  Mac- 
rotcrmitinae llave slwngelike fungus combs in 
tl~cil- rlcsts. ?'l~ey are collstri~cted of chewcd wood 
; I I I ( I  feces, ;~ntl are 1)rlilt 11)) to fil the cllaml~ers 
of t l ~ c  ~icst.  I'licse terrliites feet1 on fungils (Ter- 
milo~uyrc?.r) i l l  t l ~ e  coml~s. Tlic Eunction oE the 
lt~r~:rls in tligcstion appears to Ije mainly the 
I)re:iltloi\.n ol lignin, 1)ut probal~ly o t l~er  factors 
are sr~l)plictl, sucli as ~litrogenous materials and 
v i t ; ~ l r ~ i ~ ~ s  (Sa~itls, 1969). Tlius, termites have an 
nburiclant, contint~ous food supply, and this, 
cot11,lctl w i t l ~  t l~cir  lo~~gevity, t l ~ e  potential im- 
nior-~ality of the colot~y, nntl t l~eir  ability to care 
lor t l~eir  eggs and yo1111g ant1 protect the colony 
; I ~ : I  illst 1121 ural enenlies i~ntl the elemelits, allows 
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the moundbuilding termite Nasulitermes ex- 
itios~is (Hill) in Australia, 11.05 kg of termites 
were removed, representing 2.5 million insects, of 
~vhicli about 877' were of the wood-tlestroying 
worker caste (Gay and Wethetly, 1970). Such 
enormous llumbers of termites result in a great 
capacity for tlestruction of wood structures, with 
no seasonal letup in tropical areas. Most of tile 
foregoing factors also favor another social insect, 
the ant, as a successful and persistent pest of man. 
Ants may not have as constant a food supply, at 
least not in nature, but they can store foods in 
their well-protected nests. 

Termites live what is known as a "cryptobi- 
otic" ~notle of life. They live in enclosed passage- 
ways, either entirely in the wood in which they 
feet1 or partly within the wood and partly within 
soil. At certain times of the year, depending on 
the species, a certain percentage of tlie colony 
tlevelops wings and changes from the whitish 
color of tlie nymplis to the distinctive dark or 
black color of the winged reprocluctives (alates). 
T l ~ e  latter fly off to forni new colonies. 

T h e  alates are the members of tlie colony most 
likely to be seen by the homeowner. They ate the 
potential kings and queens. T h e  homeowner 
often col~fuses alates with "winged ants." T h e  
abdomen of the termite is broadly joined to the 
tllornx, while tlle thorax and abdomen of the ant 
are joinetl 11y a narrow petiole or "~vaist" (figure 
66). Tlie termite has straight, beadlike antennae, 
~vhile those of tlie ant are elbowed. Unlike the 
castes they left behind, tlie termite alates are 
lieavily pigmented. T h e  fore- and hindwings of 
the alate termite are approximately equal in 

lor rite tlevelopnlent of enorrlious numbers of Fig. 66. Alate carpenter ant ( !e l l )  and 
ir~tli\,itlr~;tls. For example, in a large c0101ly of alate subterranean termite. 
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Fig. 67. Wing  of a carpenter ant (top), 
and of a dampwood termite. 

length, antl ~ ~ s l ~ a l l y  extent1 from 25 to 33y0 of 
their length beyond tlie end of the abdomen 
when foltled. Tlie hintlwings of the alate ant are 
much shorter than the forewings, and the folded 
wings rarely extend beyond the end of the ab- 
tlomen (figure 67). 

After the flight of the alates, their wings break 
off near the base. hlales and females pair off and 
begin a sinall excavation for a new nest. S ~ ~ b t e r -  
ranean termites (Rhinotermitidae), for example, 
may excavate tlieir nest in ~vootl found after dig- 
ging into the Foontl ,  o r  between a piece of wood 
ant1 (lamp ground, o r  in a crevice in wootl on 
damp Found.  (Galleries eventually extend 
deeply into the grol~nd.) T h e  pair then mate, and 
tlie first eggs are laitl. T h e  egg-laying capacity of 
the queen increases as she grows older. Queens 
of some mo~~n t l l~ i~ i l t l i ng  tropical termites can lay 
as many as a tlio~lsantl eggs per clay for as long 
as 25 years. 

Several years may pass before all castes are pres- 
ent in a new colony. T h e  complete colony con- 
sists of the primary pair of reproductives (royal 
pair) and three castes: (1) the workers, which feed 
on ~vootl or fl~ngi and, by regurgitation antl ex- 
cretion, provide food for the young and the other 
castes; (2) the soltliers, whicli in the United States 
are iisually large-headed intlividuals witli massive 
jaws tliat guartl tlie nest entrances and tlle royal 
pair; antl (3) l~s l~a l ly  2 kinds of supplementary or 
st~bstitute reproductives known as neotenics. 
Tl~ese  may I)e either liglltly pigmented antl wit11 
short wing patls (l~racliypterous) or  very lightly 
pigmented ant1 witliout wing patls (Krisllna, 
1969). 

Cliemicals that are secreted to tlie outside of 
tlie botlies of insects for caste regulation, attrac- 
tion, communication, trail-marking, etc., are 
calletl pheromones. A colony of social insects (ter- 
mites, ants, wasps, or bees) maintains its social 
cohesiveness priniarily thro;igh the utilization of 
such chemicals. Tliey are produced in specialized 
tissues known as exocrine glantls. In response to 
specific stimuli, these glantls evacuate tlieir con- 
tents into the environment (Blum, 1970). 

Termites continually groom one another by 
means of tlieir moutllparts to obtain desiretl se- 
cretions or  exutla tes containing plieromones. 
Among tlie plieromones they ohtain in this man- 
ner are some that are I)elievecl to inhillit tlie 
formation of atltlitional mernl~el-s of the sex or 
caste from which the liormones are ol)tainetl. thus 
serving as a reglilatory meclianism to prevent a 
disproportionate ratio of males, females, and 
soltliers in a colony (Liischer, 19560, b, 1961; 
Weesner, 1956). Liischer (1961) stated tliat the 
clueen can i n l ~ i l ~ i t  sexual tlevelopnient of other 
poteritial reproductives, even if her abtlomen is 
coveretl witli varnish, tlii~s covering a11 integu- 
mental glands and the genital opening, but tliat 
in1iil)ition is no longer possible i f  the anus is 
1)locketl. He  concl~~tletl  tliat tlie inhil>itor s ~ ~ h -  
stance must be given off wit11 the excrement. 

There is consitlerable evitlence that the "royal 
pheromone" that prevents Kalotermes Pauirol1i.r 
(F.) from undergoing tlle final molt is produced 
by the mantlibular glands of the sexual forms. In 
20 trials, when one of these glands from a pri- 
mary sexual female was implantetl in tlie a1)- 
tlominal cavity of a nympl~~s l ior t ly  before the 
final molt. adlilt tlifferentiation was blocketl or 
inllil)itetl, depending on how close to tlie final 
molt tlie nymph was a t  tlie time of implant (Le- 
I)run, 1972). 

Reprotluctives can also stiml~late the tlevelop- 
ment of a caste. For example, when a group of 
nymphs of Raloter~nes /lauicollis is separated 
frorn soltliei-s, some ~vill  tlifferentiate into soltliers. 
T h e  number of soldiers protlucetl is much greater 
when reprotluctives are present. T h e  eflect of re- 
protluctives on soltlier production was gratletl as 
follows: pair of reprotluctives (king and queen) > 
2 queens= 1 queen = 2 kings > 1 king (Sprin- 
glietti, 1970). hliller (1969) pointed out that, 
;Imong tlie lower termites (a11 families but Ter- 
mititlie), there is no evitlence that tlie v a r i o ~ ~ s  
castes are genetically tliffereilt; tlieir caste tlesti- 
nies are tlie expression of social antl environmen- 
tal factors. Even "workers" can become sexuals, 



and in laboratory colonies liave been able to re- 
constitute a11 castes of the colony when they were 
sufficiently numerous. 

T h e  role of pheromones in the structure and 
formation of termite colonies, particularly when 
the ortler Isoptera as a wl~ole is consicleretl, is ex- 
tremely varietl and complex. T h e  amazing extent 
to wliiclt an untlerstantlir~g of the role of phero- 
mones lias already developed from the pooled 
results oE world-wide investigations is concisely 
discussed by Howse (1970). No doubt an even 
broader understancling will result from current 
investigations. 

Supplementary reproductives (neotenics) are 
required for rapid increase in numbers of ter- 
mites in a colony. When groups of workers and 
nymplis of the western subterranean termite, 
R e f  ictilitermes hespertrs, were separated from the 
motlier colony, tliey Eormed a new colony in 6 
to 8 weeks, utilizing supplementary queens de- 
veloped from some of tlie short-winged nymphs 
found in every large colony (in addition to the 
nymplis that develop into the alates that leave 
tlte colony). A supplementary queen can produce 
more eggs (GO to 80) in a day at tlie lieigl~t of 
egg-laying than tlte primary queen in the first 2 
years oC the colony's development (Pickens, 
1934~). 

Trail-Marking Substances 
It has long been known that termites follow 

"otlor tl.ails." Tlie odor trails may serve varied 
purposes. I t  has I~eeli observed. for example, that 
hreaks in the nest structure of Zootermopsis stim- 
ulate t l ~ e  laying of trails to the breaks so as to 
recruit workers for repair work. Tlle intensity oE 
tlie stimulus tlie workers receive from tlie odor 
trails determines the number recruited (Stuart, 
1967). This prill~itive trail-laying mecltanisni was 
apparently atlapted secondarily €or foraging pur- 
poses. Tlie trail-marking pheromone may at tlie 
same ti~lie l ~ e  a foot1 attractant (Smytlie el al., 
19670, 0 ;  Ritter ant1 Coenen-Saraber, 1969), and 
in this capacity i t  offers some potential as a pos- 
sible means oE termite control. T h e  pheromone is 
secreted by tlie sternal glands oE the workers ant1 
soldiers of a11 termite families (Liischer and Miil- 
ler, 1960; Stuart, 1961, 1963, 1964, 1969; Noirot 
and Noirot-Timotllbe, 1965; hlosconi-Bernardini 
and Vecclii, 1966; Smythe and Coppel, 196615; 
Stuart atid Satir, 1968; Moore, 1969; Noirot, 
1969; Holvse, 1970; Mertins el al., 1971). One 
such gland is situated on each of tlie third, 
fourth, antl liftli sternites in tlie primitive hlasfo- 
tejmes of Aitstmlia's Nortliern Territory, on tlie 
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Court11 sternite of Stolotermes, Porotermes, and 
Hotlofertnes, antl at the base of the fifth sternite 
(figure 68) on all other termites. In the sternal 
glarid, there appears to be no duct associated with 
t l ~ e  glandular cells. T h e  pl~eroinone is probably 
secreted by the cells, and passes througl~ tlie fine 
pores of tlie cuticle, collecting in a reservoir 

metory cetls columnar cells 

Fig. 68. Longitudinal section through the sternal gland 
of Zootermopsis ncvadcnsis. [From Howse (1970), after 
Stuart (1964), with permission of Hutchinson and Com- 
pany, London.] 

fortnetl by tlie overlappii~g sternal plate oE tlie 
preceding segment (figure 68). Possibly, tlie extent 
to which tlie aperture at the posterior end oE tliis 
reservoir is openet1 is regitlatetl by the pressitre ex- 
erted by tlie abdomen as it is pressed against the 
ground (Stuart, 1969). 

.Extracts of the trail-marking pheromone from 
either Reficttlifermcrs /i'auipes or  R. uiginictrs 
were attractive to both these species and to R. 
Ize.rpertcs, but not to tlie dampwood termite, Zoo- 
termofisis angtisticollis (Smythe and Coppel, 
191i6b). Several synthetic analogs of the trail- 
marking pheromone of R. virginictis have been 
preparetl, and tlie molecular structures to wlticli 
these compounds owe their pheromone-mimick- 
ing characteristic have been identified (Tai et a[., 
197 I). 

Insect pl~erornones are generally rather species- 
specific. ThereEore, it is of special interest tliat 6 
subterranean termite species (Reticulitermes pa- 
vipes, R .  virginictis, R .  hespertis, R. tibialis, Cop- 
lolei-mes formosanus, and Leucotermes speratus 
[tlie latter from Japan]) all responded to 4 trail- 
marking plieromone analogs (Matsumura et al., 
1972). The  nonspecificity of these compounds 
would be advantageous in any attempt to use 
them as lures for trapping purposes in a control 
program. Two of the pheromone analogs have 
been found to be easily synthesized (Tai et al., 
1971). 

I'here are many other nonpheromone sub- 
stances, some foilritl in nature ant1 some artifi- 
cially produced, that liave effects similar to those 
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caused hy pheromones. For example, wood rotted 
by the fungus Lenzites trnbea prod~~ces  an attrac- 
tant for Reticulitern~es flnvipes as well as other 
species of Reticrilitermes and Coptotermes. T h e  
funglls inrluces trail-following Ily termites similar 
to tliat intlucetl I,y tlie trail-marking pheromone 
sftrretetl Ily the sternal glantls of these insects (Es- 
enther et nl., 1961; Esentlier ant1 Coppel, 1964; Al- 
len et nl., 1964b; Smytlie et nl., 1965, 1967n, 
19676; Esentlier, 1969). Column chromatography 
of tlie unsaponifiable lipids from pine wood on 
which L. trabea was cultured yielded 2 well-sep- 
arated fractions that were highly active in choice 
tests and in a trail-following test with Reticrlli- 
termes Iticifugtrs (Rossi). Tlie unsaponifial>le lip- 
ids of tlie workers yielded only a single active 
fraction, hut it corresponded to one of the frac- 
tions obtained from the wood (Ritter and Coe- 
nenSaraher, 1969). 

The  attractance of 8 compounds formed in 
wood by wood-rotting fungi (Basidiomycetes) was 
tested, using 5 termite species as test insects. Five 
compounds were generally attractive, and 5 de- 
terred termites or  had no attraction. Acids were 
usually attractive, hut aldellydes were attractive 
in only a few cases (Becker, 1964). Many organic 
compuntls liave been found to be attractive to 
R. Pavipes (Watanabe and Casida, 1963). 

A trail-marking scent for Naslititermes exiti- 
osrcs (Hill) was isolated and identified hy B. P. 
Moore in Australia (Anonymous, 1967d), and was 
found to be an unsaturated diterpenoid hydro- 
carbon; only gram was required to lay 10 m 
of trail. Other species of Nnstititermes followed 
the trail, hut distantly related species tlid not. Be- 
cause diterpenoid compounds occur in certain 
essential oils. Moore searclietl for possil>le attract- 
ants in vegetation. He fount1 a substance in tlie 
oil from tlie Western Australian santlalwood, 
Eucnryn .rpicn tn, wliich attracted Nnsutitermes. 

At tlie United States Forest Service's M1ood 
Protlucts Insect Laboratory in Gulfport, blissis- 
sippi, it was observed tliat Reticlilitertnes flnr~ipes 
followetl marks made by a certain I~allpoint pen 
with blue ink, but other available ballpoint pens 

a glycol compountl. T l ~ e  termites tend to follow 
a tangent to the curve, and must make repeated 
corrections in their direction of movement. Tlie 
inks were less effective for Mnstotemes and spe- 
cies of Kalotermititlae than for species of Rhino- 
termitidae and Termitidae. Nine glycol com- 
pountls, inclutling some used in ink for hallpoint 
pens, proved to Ile trail-marking substances of 
varying degrees of efficacy. Dietliylene glycol 
monoetliyletlier ant1 dietliylene glycol monobu- 
tyletlier were very effective for almost all termite 
species, inclutling Kalotermitidne. Also, some of 
tlie tlecomposition protlucts (altlehydes and acitls) 
protluced when wood was attacked by Basitli- 
omycetes were fol~nrl to Ile attractants ant1 trail- 
markers. Retictclitermes Incifligtis is unable to re- 
act to scent trails if  its antennae are partially 
amputated unless at least 8 segments are retained. 

Fig 69. \\'orker termites (Rrtin~litennes luciftc 
qtcs) fallow a spiral line made wit11 a ballpoint pen, 
the ink ror~ta i~~ ing  an attractant glycol compound. 
(From Becker and hfannesn~ann, 1968.) 

Tlie possil~ility of practical utilization of ter- 
mite attractants in wootl baits is tliscussecl untler 
"Terniite Baits" later in t l~is  chapter. 

did not have this effect. This plienomenon-was Western Subterranean Termite, 
t l~oro~~glily investigated hy Becker and blannes- Reticulitermes hespenrs Banks 
mann (1968). In their investigation, they used (Rhinotermitidae) 
55 termite species from 21 genera of 4 families. 
They fount1 3 hallpoint inks that served as trail- Tliis is tlie principal subterranean termite in 
markers for many termite species, and 3 others California. It ranges from British Columbia 
tllat attracted fewer species. Figure 69 sllows soutli to western Mexico and east to Idalio and 
workers of R. lrrciftlgrcs following a spiral line Nevatla. I\'inged reprotluctives (alates) are tlark 
made with a ballpoilit pen wit11 ink containing 1)rown to I,rownisl~ I)lack, a~i t l  Ii;lve brorv~iisll-gray 


