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ABSTRACT 

Courtship behavior of Pterotermes occidentis, 

Marqinitermes hubbardi . and Paraneo termes simplicico mis was 

studied by observing alate activities of these southern 

Arizona dry-wood termites. Extensive observations supported 

by experimental manipulations were used to work out the 

details of their stimulus and response patterns, from the 

onset of flight to the closing of the copularium. 

Courtship behavior was related to the presence of 

tergal glands in the alates. The glands were studied in 

stained serial sections of the abdomen of alates and 

replacement reproductives, both males and females, soldiers, 

larvae, and nymphs. 

In Paraneotermes it was found that the presence of 

tergal glands in both sexes, and probable production of a 

sex pheromone by these glands, could be related to the 

different activities in their courtship repertories. In 

Pterotermes and Marqinitermes the presence of the tergal 

glands in each sex does not appear to be related to their 

courtship behavior patterns. 

xii 



INTRODUCTION 

The object of this study was to investigate, by 

comparative behavior techniques, the courtship behavior 

patterns of three species of dry-wood termites found in 

Arizona, Paraneotermes simplicicornis 'tBatiks) , Marqinitermes 

hubbardi (Banks), and Pterotermes occidentis (Walker), all 

belonging to the family Kalotermitidae. It has been known 

for several years that prominent epidermal glands occur on 

one or more of the terminal abdominal terga of some winged 

adult termites (alates). More recently (Noirot 1969) it has 

been suggested that these may produce a pheromone which 

controls courtship behavior. With this in mind, it was 

further decided to determine whether there was any obvious 

relationship between the presence of these glands and 

certain segments of behavior which might reasonably be 

mediated by pheromones. Any positive relationships would 

then provide a good basis for more detailed studies of the 

glands and their secretions. 

The information presently available on termite 

courtship behavior is rather fragmentary. Not more than six 

detailed studies of this aspect of termite biology have 

appeared within the last 50 years. Most of these have been 

recently reviewed by Nutting (1969). With the exception of 

Nutting's review, detailed comparative studies on dry-wood 

1 
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termite courtship behavior are nonexistent. The same state

ment can be made for studies relating the courtship patterns 

to the presence or absence of tergal glands. This is 

perhaps not surprising since these glands were apparently 

first observed in 1928 by Montalenti (Noirot, 1969) and have 

as yet received little attention. Some comparative informa

tion on tergal glands and courtship behavior can be found in 

the reviews of Noirot (1969), Stuart (1969), and Nutting 

(1969). 

There are no studies of courtship behavior, or of 

any tergal glands, in the Mastotermitidae which consists of 

a single species, Mastotermes darwiniensis Froggatt. The 

behavior of this primitive termite should provide some clues 

to the evolution of courtship behavior of the remaining 

families. Studies on the tergal glands in the remaining 

termite families have been reviewed by Noirot (1969). 

Among the Kalotermitidae rather detailed studies of 

courtship behavior in Kalotermes flavicollis (Fabricius) 

have been published by Grasse (1942, 1949). An in-depth 

study of the courtship behavior of Crvptotermes havilandi 

(Sjo'stedt) has been made by Wilkinson (1962). In addition, 

Harvey (1934) described some of the courtship activities of 

Incisitermes minor (Hagen). 

Two recent investigations have involved electron 

microscope studies of the tergal glands of Kalotermes 

flavicollis. Wall (1969) has described some of the 
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ultrastructure of the tergal gland; while the cuticular 

surface above the tergal glands is the subject of de Lebrun1s 

(1971) study. 

In the Hodotermitidae, Castle (1934) described some 

of the courtship behavior of Zootermopsis anqusticollis 

(Hagen) and Clement (1956) described the courtship activities 

of Anacanthotermes ochraceus (Burmeister). In the latter 

species Noirot (1969) reported that tergal glands do not 

appear to be present. Unfortunately no other studies of the 

Hbdotermitidae have mentioned the tergal glands. 

Probably the best analysis of courtship behavior was 

made by Buchli (1960) on Reticulitermes lucifuous (Rossi), a 

subterranean species in the family Rhinotermitidae. Noirot 

(1969) has examined this species for tergal glands, but he 

did not find them in either sex. 

The Termitidae have received the most attention with 

regard to studies involving both courtship behavior and 

tergal glands. Fuller (1915), Sands (1965), and Williams 

(1959) have described courtship behavior patterns that occur 

in some species of the Termitidae. Williams' (1959) study 

of two species of Cubitermes is particularly detailed. 

Noirot (1969) reported tergal gland studies for six species 

in the family. 

Noirot (1969) has suggested that abdominal tergal 

glands may be the source of a sex attractant, so that it was 

also decided to include a comparative anatomical and 



histological study of these structures. Hopefully their 

degree of development in various castes, and their presence 

or absence in one or both sexes of each species, should 

provide some support for this contention, particularly when 

considered in connection with courtship behavior patterns. 

These data should then provide a good basis for a rational 

search for any pheromones which might be involved in such 

behavior. 



METHODS AND MATERIALS 

The selection of the three species used in this 

study was based on availability of the alates during the 

same general flight season. The flights of the three 

species generally extend from early June to mid-September 

with Paraneotermes flying first in late May or early June 

and Pterotermes and Marginitermes initiating their flights 

by early or mid-July. 

Although these species are easily collected in the 

Tucson area they have a much wider distribution. Nutting 

(1966b) has reported on both biology and distribution of 

Pterotermes occidentis. He described its distribution as 

being rather strictly within the limits of the Sonoran 

Desert in southern Arizona and northwestern Mexico, 

including Baja California. Marginitermes hubbardi occurs 

more generally over the southwestern United States and 

northwestern Mexico. Light (1933) recorded it from Baja 

California and on Socorro Island (1935). A more extensive 

range is reported for Paraneo termes simplicicornis by Light 

(1934). This species can be found from the lower Rio Grande 

valley of Texas to southeastern California and it ranges 

north to southern Nevada and south into Baja California. 

The techniques in this investigation can be divided 

into two general categories. The first includes the field 

5 



6 

and laboratory methods in which the primary tool was obser

vation. The second category encompasses the standard 

morphological and microtechniques used to determine the 

presence and histological structure of the tergal glands in 

each species. 

Field and Laboratory Methods 

During the spring of 1970 and 1971, colonies of 

Pterotermes were collected from desert areas in the vicinity 

of Tucson, Arizona. All of the colonies were collected from 

dead branches on standing trees of the blue paloverde 

(Cercidium floridum Benth.). The major collection site was 

at the 3600-foot elevation of the Santa Rita Experimental 

Range in southeastern Pima County, Arizona. Four colonies 

were taken from this location and five more were collected 

along the washes running northwest of the original collect

ing area. Five of these colonies were returned to Tucson 

and placed in a 6 x 12 x 6-ft. Saran® screen cage (Figure 

1) provided with an ultraviolet light trap (wavelength: 
o 

3660 A). The branches containing these colonies were 

arranged vertically by embedding them several inches in the 

soil. 

Six colonies of Marqinitermes were collected from 

dead saguaro cacti (Cereus aiqanteus Engelm. ) a.t the 2400-

foot level on the north slope of the Tucson Mountains a few 

miles northwest of Tucson. These colonies were also 



Figure 1. Interior view of 6 x 12 x 6 foot Saran screen 
cage used for holding Pterotermes occidentis 
colonies. 



returned to Tucson and placed on a patio on the side of my 

home. A cage was not used to cover these colonies. Only 

three of them were subsequently used for the collection of 

alates during the summers of 1970 and 1971. 

All alates of Paraneotermes were collected at porch 

lights in the Tucson area and held in small plastic petri 

dishes which were placed in a dark chamber in the labora

tory. Other castes and immature forms of Paraneotermes were 

furnished by Dr. William L. Nutting and were collected on 

the Santa Rita Experimental Range. 

The different techniques used in this part of the 

investigation were numerous and are described under sub

headings below. 

Flight Behavior 

The study of flight behavior of Pterotermes and 

Marginitermes was limited to determination of sex ratio (no 

data for Marqinitermes), time of flight, duration of 

emergence, numbers leaving the colonies per unit of time, 

and behavior before dealation. This information was gathered 

from the caged colonies of Pterotermes and the free colonies 

of Marqinitermes. 

Sex ratio of Pterotermes alates was determined by 

examining all alates or dealates collected in the ultra

violet light trap in the Saran^ cage during the 1970 and 

1971 flight seasons. 
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Some information on behavior before dealation was 

gathered by releasing alates of Pterotermes and Margini-

termes in the Saran® cages. The alates used in these 

releases were collected from porch lights. 

I have never observed flights of Paraneotermes but 

some information on this phase may be found in Light (1937) 

and Nutting (1966a). However, observations on post-flight 

behavior were made with alates collected from various 

sources. 

Dealation Behavior 

Observations on dealation were made during the 1970 

and 1971 flight seasons, both in the Saran® cage and in 

plastic petri dishes, 15 x 150 mm, used as test arenas. 

Data on Paraneo termes were obtained from observations made 

at porch lights and from tests conducted in small arenas 

with various substrates. Information common to all three 

species included total time for dealation, substrate in

fluence on total time, general mechanics, and necessity of 

dealation for incipient colony formation. 

Total time of dealation was measured from the first 

obvious attempt to dealate (successful or not) until the 

dropping of the last wing if this event occurred within eight 

hours. Altogether 23, 19, and 14 marked pairs of Ptero

termes . Marainitermes. and Paraneotermes, respectively, were 

timed. 
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The importance of dealation for the successful 

establishment of incipient colonies was based upon weekly 

examination of 18 incipient colonies of Pterotermes and 11 

incipient colonies of Marqinitermes over a period of three 

months after pairing of the alates (sexual forms). This 

type of information is not available for Paraneotermes. 

since all attempts to establish incipient colonies were 

unsuccessful. 

The last experiment conducted on dealation activity 

was made to determine the influence of substrate on the 

total time of dealation. In general the method used in

volved the release of ten pairs of alates into petri dish 

arenas, each containing a different substrate. Each arena 

contained a piece of dead wood from either paloverde, 

saguaro, mesquite (Prosopis juliflora [Swartz]), or commer

cially available balsa wood. A series of control arenas 

was set up, containing only a filter paper substrate. Ten 

pairs each of Pterotermes and Marqinitermes were introduced 

into the arenas and observed for the first two hours and 

checked at the end of four and eight hours. 

The tests on Paraneo termes included arenas prepared 

with treatments of locally collected, loose, dry soil; 

compacted dry soil; loose damp soil; and compacted damp soil. 

A second series included arenas furnished with either dry 

compacted soil or damp compacted soil and contained four 

wood treatments: dry or damp cholla cactus (Opuntia fulqida 
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Engelm.) skeleton and dry or damp dead acacia (Acacia 

Greqqii Gray) wood. The wood was partially embedded in the 

soil of the arenas. The "dry" wood had been held at approx

imately 20% relative humidity for two to three days and the 

"wet" was soaked in water for a short time. 

Ten pairs of alates were placed, one at a time, into 

the arenas where each was observed for one hour. Replica

tion of this and other experiments with Paraneotermes was 

severely handicapped by a scarcity of alates during the 1971 

flight season. 

Calling, Pair Formation, and Searching 
Behavior 

These three behavioral events were considered to

gether because the same general techniques were used to 

determine the behavioral details in each event. Observa

tions on Pterotermes and Marainitermes were conducted in the 

Saran® cage and the petri dish arenas. For Paraneo termes 

similar behavioral sequences were described from observations 

made in damp soil beneath lights and in the petri dish 

arenas. 

It was suggested by Sands (1965) that thigmotaxis 

might be the key stimulus for initiating digging behavior in 

Trinervitermes spp. An experiment was designed to test this 

assumption. In Marainitermes and Pterotermes three different 

substrates were offered simultaneously: a nonperforated, 

smooth dead wood surface; a checked dead wood surface 
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containing wood boring beetle emergence holes; and a third 

surface into which holes from 1/32 to 1/4 inch had been 

drilled. The kind of wood was selected for its known 

association with the termite species tested, paloverde for 

Pterotermes and saguaro for Marqinitermes. 

Three pieces of appropriate wood were placed in a 

petri dish and two replications were made for each species. 

Fifteen pairs of alates of each species were released into 

each arena simultaneously and observations were made at the 

end of 1, 4, and 8 hours. An additional test was conducted 

in which ten alates of one sex were simultaneously released 

into the arena described above and observations were made on 

each group of ten after 1, 4, and 8 hours. This test was 

repeated for ten alates of the opposite sex. Digging be

havior was considered as evidence of a positive thigmotactic 

response. In Paraneotermes thigmotactic response was deter

mined during the dealation behavior tests previously de

scribed. 

Digging Behavior 

Much information on digging behavior was accumulated 

during the studies on calling, pair formation, and searching 

activities. In addition, some experimental manipulations 

were used to further define this particular segment of be

havior. It was difficult to observe boring behavior of 

Pterotermes and Marqinitermes. since the activity is usually 
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started in an already existing hole or crack. Therefore, a 

simple but effective technique was used to record evidence 

of boring. The pieces of host wood were placed in a 

vertical position both in the arenas and in the Saran® 

cage. Whenever an alate or dealated individual appeared 

interested in a particular hole, a piece of masking tape, 

1/2 inch wide, was applied about 1/2 inch below the hole 

and a loose flap bent out at a 90° angle to the surface. 

This flap effectively caught any excavated wood chips which 

might fall if digging began. This method of determining 

actual digging as opposed to searching was used in all of 

the following experiments. 

An attempt was made to determine the effect of 

already established individuals or pairs on alates or de-

alates searching for suitable excavation sites. Ten 

individuals of known sex and past activity were released 

'and followed in the vicinity of 15 holes recently bored and 

occupied by single males, single females, or pairs, but 

still unsealed. 

Further observations were madq in situations de

signed to determine whether Pterote^rmes or Marqinitermes 

might be influenced by the material used to seal off borings 

already completed by other individuals. These plugs of 

frass and chewed wood are made by individuals of either sex 

or by pairs. A total of 16 plugs was cut from cells already 

occupied by four males and four females of each species. 
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These were transplanted to the openings of holes (1/8 x 

3/8 inch) freshly drilled in dead paloverde for Pterotermes 

and dead saguaro for Marqinitermes. Fifteen dealates of 

each sex and species were then released and observed in the 

vicinity of the artificially plugged holes for 30 minutes. 

Evidence of attraction and digging was recorded. Each of 

these dealates was later watched for 15 minutes on a host 

substrate containing a pair of the same species already 

established and sealed in. 

For Paraneotermes five marked individuals of each 

sex and five appropriately marked pairs were used in each of 

the following situations. The first treatment consisted of 

release in an arena containing damp, compacted soil supplied 

with pieces of dampened, partially embedded, dead acacia. 

Three holes, 1/8 inch in diameter, were drilled in the wood, 

two of them vertically into the upper surface and extending 

into the wood 1/4 to 1/2 inch, the third horizontally at the 

soil-wood interface. In addition, the arenas contained 3 

holes, about 1/8 inch in diameter, punched into the soil to 

a depth of 3/8 inch. 

These choice situations were compared with one 

control containing five pairs and another with only three 

pairs (no more alates were available). Control arenas 

contained a sound, damp piece of acacia, with no holes, 

embedded in damp, compacted soil. 
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Closing Behavior 

Since this activity naturally followed boring or 

digging, observations were continued with the same individ

uals of each species and in the same situations. 

Mass Release 

Although this observation was performed only once 

and only with Pterotermes. it did reveal further details on 

the courtship behavior of this insect. Fifty pairs of 

alates were released simultaneously in a Saran® cage and 

their eventual status in four host plant branches noted 

after three days (first branch), two weeks (second branch), 

and three months (last two branches). The host plant 

branches were placed in front of the ultraviolet light in 

one corner of the cage and arranged in a stair-step pattern, 

one limb above the other. Each limb was examined for 

evidence of borings by the alates, and later for the sex and 

condition of any alates that had entered it. 

Observations were made at night whenever possible 

and red filtered light was used to make most of the observa

tions both in the Saran® cage and in the small arenas. After 

many hours of observation I am convinced that white light 

does not greatly interfere with the normal performance of 

behavior in the laboratory so long as the insects are in a 

closed container and free from extraneous disturbances such 

as air currents and vibrations. 
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Histological Methods 

Standard histological techniques were used to deter

mine the absence or presence and condition of the tergal 

gland in each of the species. The castes and stadia of each 

species were fixed in Bouin-Dubosco fluid (Humason, 1967) as 

whole animals for 48 hours, after which the abdomens were 

removed and fixed for another 72 hours. After fixation the 

abdomens were dehydrated in alcohol, cleared in toluene, and 

/R) 
embedded in Tissuemat embedding medium with a melting point 

of 56°C. 

Several longitudinal sections were cut at 10 fi and 

fixed to slides with Mayer's Albumin fixative. These were 

then rehydrated and stained with Mallory-Heidenhain Rapid, 

One-Step solution (Cason, 1950). Finally, they were de

hydrated, cleared, and mounted in Permount® medium and 

examined by standard light microscopy. 

An attempt was also made to stain the tergal glands 

in freshly dissected termites. The stains used for this 

treatment were acid fuchsin, basic fuchsin, and methylene 

blue. None of these stains produced satisfactory results. 

Photographs of pertinent tissues were made using 

a Zeiss Photo-Microscope and Kodak 35 mm, Panatomic-X film. 

In the histological study the following criteria 

were used to identify the immature stages. Late instar 

larvae are the largest in overall body length and diameter, 

and relatively unpigmented. Pseudergates may be equal to or 
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a bit larger than larvae but they are lightly pigmented, 

especially on head and pronotum. Neither form possesses any 

evidence of wing pads. Late instar nymphs are larger than 

larvae and possess prominent wing pads. Just prior to the 

imaginal molt the wing pads may extend back to at least the 

second abdominal segment. 



RESULTS 

Flight Behavior 

Courtship is considered here to include those 

activities of behavior described by the terms dealation, 

calling and tandem formation, searching, digging, and 

closing. Because flight behavior also plays a role in 

dispersal it will not be included under the "courtship" 

activities. Flight will be considered only as it relates 

to the onset of the courtship repertory. 

Pterotermes occidentis 

Nutting (1966a, 1966b, 1969) has discussed some of 

the stimuli that are probably responsible for eliciting the 

flight of alates in several termite species of the south

western United States. In his review (1969) he proposed 

that alates may respond to the right combination of several 

environmental stimuli, such as rainfall, relative humidity, 

temperature, light intensity, wind, and atmospheric phenomena 

such as pressure and electrical activity. 

Table 1 shows the total number of alates collected 

in two Saran® cages during the 1970 and 1971 flight seasons. 

The ratio of males to females was very close to 1:1. 

Nutting (1971) has made similar collections and has said 

that this sex ratio agrees closely with his own observations. 

18 
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Table 1. The ratio of male to female alates of Pterotermes 
occidentis collected in the Saran® screen cages 
during the 1970 and 1971 flight seasons — Tucson, 
Arizona. 

Ratio Total alates 
Cage and To tal Total male: collected/ 
year males females female year 

Cage 1 
1970 102 114 1.0:1.1 216 
1971 94 123 1.0:1.3 217 

Cage 2 
1970 43 36 1.1:1.0 79 
1971 35 49 1.0:1.4 84 

The alates in cage 1 flew from two colonies. In cage 2 they 

emerged from a single colony. 

The times of onset and cessation of the Pterotermes 

flights in cage 1 occurred generally at the same times as 

those previously described by Nutting (1966b). He found 

that Pterotermes flying in a similar caged situation began 

their flights two hours after sunset and continued until 

three-quarters of an hour before sunrise. In 1971, on three 

separate occasions, emergence from a single colony was ob

served in detail. It was during these flights that inter

acting behavior of both alates and soldiers became apparent. 

The alates emerged in small groups (5 to 9 individ

uals) approximately every 15 to 30 minutes. They emerged 

from an opening previously determined to be a frass dumping 
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hole. They usually flew immediately upon emergence; in only 

two instances did an alate exit from the opening and walk a 

short distance up the vertical face of the dead paloverde 

branch before flying. During the intervals between bursts 

of activity, and on three different nights, a single soldier 

effectively blocked the exit hole with its head, slowly 

opening and closing its mandibles. Although observation was 

terminated at sunrise, a spot check on the afternoon follow

ing the first night of flight revealed that the hole had 

been almost completely closed by a plug of chewed wood and 

frass pellets. 

If the ultraviolet light trap was left on during the 

flight periods the alates flew toward the light. Some of 

them immediately fell into the trap, while others alighted 

on the cage wall where they walked for a short period before 

again taking flight. 

A branch of dead paloverde had been set in the 

ground vertically between the colony under study and the 

light trap in order to provide a possible landing site 

before the alates reached the light. Several observations 

of alate behavior were made in this situation. Alates of 

both sexes alighted on the wood substrate and began to walk 

rapidly over the surface, pausing only to examine cracks or 

holes in the substrate. Their general direction of walking 

was upward. When an alate reached the uppermost tip of the 

branch it might reach upward into the air with its forelegs 
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and either take flight or simply continue over or around the 

top and down the opposite side. Some alates occasionally 

continued downward to the soil, where they might continue 

wandering until they once again found the paloverde branch. 

Of four alates which had been observed walking over the 

surface of the paloverde until dawn, three were found dead 

at the base of the branch the following afternoon. 

In some of the release experiments, where 20 or 30 

alates had been held for one or two days in petri dishes, 

they could be induced to fly in two ways. Isolated indi

viduals often flew readily when the dish was opened in the 

cage during the flight period. When a stick of wood was 

vertically positioned in a petri dish of alates, some of them 

flew after one or more explorations to the tip of the wood. 

If alates were held in petri dishes with only a small piece 

of damp paper as a moisture source for more than 48 hours, 

stimulation of flight by any means became increasingly 

difficult. 

Nutting (1969) and others have reported that in some 

termite species the alates become gregarious as the time for 

flight approaches. This seems to be the case with Ptero-

termes. A colony opened in early July of 1970 had all of 

the alates grouped in two apparently adjoining chambers. 

Alates removed from a colony before their flight and placed 

in plastic petri dishes aggregated in the dishes to the 

extent of standing on top of one another. Similar behavior 



22 

was also noted in alates that flew to the ultraviolet light 

trap and retained their wings. Subsequent transferral to 

plastic petri dishes also induced assembly into tight 

groups. 

Marqinitermes hubbardi 

Since Marqinitermes colonies were not held in the 

cages, most of the following data have been gathered from 

studies made at porch lights and from two releases in a 

Saran® cage. 

The flight behavior of Marqinitermes is rather 

different from that of Pterotermes. in that Marqinitermes 

flies during a short period, from approximately 15 minutes 

to 1 hour after sunset. When the alates land near a light 

they run rapidly toward it. If in the course of their 

running they pass the light, they usually initiate a short 

flight and return to a point below the light and once again 

run toward it. 

In the two releases made in the cage a dead saguaro 

rib was placed vertically in the line of flight between the 

release point and the U.V. light. Alates landing on the rib 

would usually initiate rapid running up the vertical surface 

of the wood. Flight would often be initiated in the midst 

of these upward runs. Pauses in running always involved 

investigation of a crack or hole in the surface. Alates 
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encountering one another on the substrate showed little 

interest in one another prior to dealation. 

Paraneo termes simplicicornis 

Most of the information on the flight behavior of 

this termite was derived from Nutting's (1966a, 1969) 

investigations. He suggested that Paraneotermes may use the 

steadily falling temperatures of summer afternoons and early 

evenings as preliminary cues to their evening twilight 

flights. He also determined that flights do not usually 

begin until the weekly mean temperatures remain above 23°C. 

Additional flight stimuli probably include a mean relative 

humidity of 60% and, most importantly, the onset of evening 

twilight. 

The observations I made at porch lights indicated 

that alates could be collected from a few minutes after 

sundown until three hours later, although the actual flight 

period probably did not last for more than one hour. 

The behavior of Paraneo termes alates prior to deala

tion was markedly different from that of either Pterotermes 

or Marqinitermes in most respects. The initial behavior of 

the alates found around lights was similar to Marqinitermes 

with respect to the vertical runs but here the comparison 

stops. My own observations support those of Nutting (1966a) 

with respect to the rapidity of running and the occasional 

erratic "leaping." In addition, this leaping behavior 
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continues after dealation. Alates that alighted on damp 

soil dealated almost immediately. This observation is also 

in agreement with Nutting's (1966a) findings. 

Dealation Behavior 

Pterotermes occidentis 

Table 2 summarizes the mean time used by Pterotermes 

alates to effect complete dealation. It can be seen that 

they were capable of dealating rapidly but on the average 

took two hours to drop all of their wings. 

Nutting (1969) and others have suggested that in the 

Kalotermitidae it may be common for alates to attempt to 

remove their wings by catching them in cracks or on the 

rough surfaces of holes in the substrate. This was, in 

fact, the case with 37 individuals of the 23 pairs observed. 

Nine alates dropped their wings by a particular body move

ment described at the end of this section. 

Information gathered from the study of incipient 

laboratory colonies has revealed that, although most 

functional reproductives have dealated, it is not required 

for successful reproduction. Out of 18 such colonies some 

reproductives were partially or fully winged. Three males 

still retained one, three, and four wings respectively and 

one female possessed both pairs. Supporting data were also 

gathered from field-collected colonies, where one colony out 

of five examined had a female that still retained three 



Table 2. Mean time for complete dealation in male and female alates of 
Pterotermes occidentis. Marqinitermes hubbardi. and Paraneotermes 
simplicicornis — Time was measured from the start of the first attempt 
to the point of complete dealation. Observations were discontinued at 
the end of eight hours, 1971, Tucson, Arizona. 

Dealation time (hours) 

Male Female Range (hours) 
Pairs —^ 

Termite observed X SE X SE male female 

P. occidentis 23 2. 33 + 0. 67 1. 78 0. 59 0.002-8.0 0.005-8.0 

M. hubbardi 19 2. 81 + 0. 68 2. 74 + 0. 82 0.037-8.0 0.014-8.0 

P. s impli ci co rnis 14 0. 15 + 0. 56 0. 27 + 0. 77 0.001-8.0 0.001-8.0 
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wings. It should be noted that all three of her wings had 

been chewed or abraded to only three-quarters of the length 

of the abdomen. 

Following the flight of Pterotermes. searching 

activity may last for a few seconds or continue for several 

hours. In several cases where the searching was brief, the 

stimulus for stopping appeared to be an attraction to a hole 

or crack. An alate entering- a borer hole or crack displayed 

an interesting series of movements. These movements"are 

best described as a series of movements into and out of the 

hole. During the backing out motion, the wings are often 

caught on the inside surface of the hole. These movements 

usually continued until a wing or two was dislodged. In 

some observations a side to side motion accompanied the in 

and out movements. It did not appear to be necessary for 

all of the wings to be removed in a single engagement of 

this activity, for often the alate might suddenly stop and 

resume walking. If another hole or crack were found the 

partially dealated termite would once again resume the 

behavior described above. 

A second type of more rapid dealation procedure was 

observed. In this case an alate might suddenly cease 

walking and, with a slight flexion of the legs, assume 

a position closer to the substrate than normal. In a rapid 

movement in which the thorax is pressed closely to the 

substrate, the abdomen somewhat elevated and the wing blades 
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raised to a 45° angle, the alate suddenly drops its wings. 

The raising of the abdomen and lowering of the thorax appear 

to be necessary for effective removal of the wings. In 

addition to the body movements in the vertical plane, a 

slight lateral rotation about the long axis is also part of 

the total mechanics. Williams (1959) has described in more 

detail a similar process of wing removal in Cubitermes. 

Some experiments conducted on this activity 

involved attempts to determine the role of the substrate 

in the stimulus-response pattern of dealation behavior. 

Table 3 summarizes the results. Because of the extremely 

small sample size definite conclusions cannot be made on the 

basis of these data alone. However, comparisons among the 

four test groups do show that some substrates may facilitate 

dealation. Mesquite, for example, appears less stimulating 

than paloverde; and indeed, mesquite is not a host for this 

termite. However, it should be noted that alates also 

dealated in the presence of balsa wood, even though it is a 

completely foreign material. I have been able to maintain 

alates of Pterotermes on this wood and two small incipient 

colonies have been produced over a period of 18 months. 

An interesting observation made during the dealation 

experiments adds a few details to the Pterotermes dealation 

pattern. Twenty to 25 alates, not otherwise used for 

observation, had been maintained for approximately two 

months in petri dishes. With only one or two exceptions 
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Table 3. Alate pairs of Pterotermes occidentis dealating on 
various substrates checked at the end of 2, 4, and 
8 hours after pairing — 1971, Tucson, Arizona. 

Pairs 
observed 

Pairs totally dealated 
at end o f: 

Substrate 
Pairs 

observed 2 hours 4 hours 8 hours 

Paloverde 10 6.5 8.5 8.5 

Saguaro 10 5.0 8.0 9.0 

Mesquite 10 0.5 2.5 3.0 

Balsa 10 3.5 7.5 7.5 

Control 
(filter paper) 10 0.0 0.0 0.0 

these eventually dealated, some after as long as five or six 

weeks. 

Marqinitermes hubbard i 

Dealation data are presented in Table 2 and mean 

delation time is very close to that of Pterotermes. In 

incipient laboratory colonies, only three functioning 

reproductives out of a total of 60 pairs have retained their 

wings six months after pairing. 

Again, as in Pterotermes. it appears that although 

dealation is usual, the retention of wings does not seem to 

hinder successful reproduction. The mechanics of dealation 

in this species appear to be exactly the same as that 



described for Pterotermes. The alates will use cracks or 

perforations in the host wood to aid in dealation, but they 

are fully capable of dropping their wings without such 

assistance. 

Table 4 shows that Marqinitermes responds in approxi

mately the same manner as Pterotermes in its dealation 

response to unfamiliar materials such as mesquite wood. 

Several pairs of Marqinitermes also have been cultured on 

balsa wood and have been generally more successful in 

establishment of incipient colonies than Pterotermes. No 

particular stimulus or releasing mechanism for dealation is 

apparent in these experiments. Since the control alates do 

not dealate (Table 4), it may be assumed that host wood 

factors play a major role in eliciting dealation behavior. 

Paraneo termes simplicicornis 

Table 2 reveals a very different picture for the 

dealation behavior of Paraneo termes. The mean time for 

dealation in this species is one-tenth of that for 

Pterotermes and Marqinitermes. Paraneo termes may drop all 

of its wings in as short a time as three seconds, although 

some individuals occasionally retain their wings for eight 

hours or more. On the average, dealation in this species is 

extremely fast. 

Since a pair of functioning primary reproductives of 

this subterranean species have not as yet been collected 
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Table 4. Alate pairs of Marqinitermes hubbardi dealating 
on various substrates checked at the end of 2, 4, 
and 8 hours after pairing.— 1971, Tucson, 
Arizona. 

Pairs totally dealated 
at end of: 

Pairs 
Substrate observed 2 hours 4 hours 8 hours 

Paloverde 10 4.5 6.0 7.0 

Saguaro 10 7.0 7.5 8.5 

Mesquite 10 1.0 3.0 4.5 

Balsa 10 3.5 7.5 7.5 

Control 
(filter paper) 10 0.0 0.0 0.0 

from established field colonies , data are not available on 

the necessity of dealation for successful colony establish-

ment. Nor has it been possible to establish successful 

incipient colonies in the laboratory; therefore, no data on 

the relation of dealation to reproductive success 

are available. 

In my observations Paraneotermes generally used the 

unassisted method of dealation, at least on damp soil 

surfaces. Alates are able to perform this operation within 

three seconds after alighting on a suitable substrate. The 

dealation behavior is, in fact, almost identical to that of 



local subterranean termitids such as Amitermes emersoni 

Light and Gnathamitermes perplexus (Banks). 

Tables 5 and 6 summarize the data gathered on the 

effects of substrate stimuli on Paraneotermes. Table 5 

indicates that the mean time for dealation is considerably 

reduced with dampened soil as a substrate. The mean deala

tion time is further reduced when damp wood is added to damp 

soil. It is also important to note that damp wood on dry 

soil also seems to favor shorter dealation time. 

Although the small number of alates tested does not 

lend itself to statistical analysis, the most effective 

stimulus for releasing dealation behavior seems to be a 

combination of suitable wood and some degree of substrate 

moisture. Further support for this assumption may be found 

in the observation that when Paraneo termes alates were held 

for a day or more in small, one-ounce plastic cups con

taining a small ball of tissue paper, they dealated almost 

immediately upon contacting the tissue paper a short time 

after it was dampened with water. The same rapid dealation 

occurs if the alates contact dampened concrete sidewalks or 

porches. It is also possible that relative humidity may 

provide a stimulus in these observations. However, no 

attempt was made to isolate and test for this factor. 
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Table 5. Mean time required for complete dealation of 
Paraneo termes simplicicornis winged forms placed 
on various soil substrates — 1971, Tucson, 
Arizona. 

Substrate 
Alates 

observed 

X time for 
complete dealation 

(minutes) SE 

Loose dry soil 10 10.33 + 4.13 

Compacted dry soil 10 4.53 + 1.68 

Loose damp soil 10 0.24 + 0.63 

Compacted damp soil 10 0.71 + 0.32 
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Table 6. Mean time required for complete dealation of 
Paraneo termes simplicicornis winged forms placed 
on various combinations of wood and soil 
substrates — 1971, Tucson, Arizona. 

Substrate 
Alates 

observed 

X time for 
complete dealation 

(minutes) SE 

Dry compact soil 

Dry acacia 8 9.71 + 5.20 

Dry cholla 8 18.49 + 6.55 

Damp acacia 10 1.11 + 0.31 

Damp cholla 8 0.77 + 0.35 

Damp compact soil 

Dry acacia 8 1.11 + 0.35 

Dry cholla 8 11.55 + 7.34 

Damp acacia 10 1.05 + 0.35 

Damp cholla 8 2.02 + 0.31 
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Calling. Pair Formation, and Searching Behavior 

Pterotermes occidentis 

In more than 50 hours of observations of Pterotermes 

alates, both in the cage and in the many petri-dish arenas, 

neither calling nor tandem formation was ever observed, nor 

has Nutting (1972) ever observed such behavior. In only one 

observation did it appear that a male showed some response 

to the female abdomen. This observation was made on a 

dealated female and a winged male in the cage. The female 

was digging in an old borer exit hole on a paloverde limb 

with the last two or three abdominal segments protruding. 

The male approached her and contacted the tip of her abdomen 

with his antennae. He spent less than ten seconds in this 

activity before resuming his explorations. On the basis of 

the observations made to date it seems safe to assume that 

these activities do not normally occur in this species. 

Searching seems to begin almost upon contact with 

the substrate. An alate may make a thorough examination of 

its landing site, but soon begins to search over a larger 

area. The antennae probably play an important role in this 

activity, for the rate of antennal movement, both vertically 

and horizontally, is greatly increased during the walking-

searching activity. If the alate stops to search an opening 

in the host wood, the rate of antennal motion is decreased. 

If another alate is encountered, a mutual examination often 
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ensues, with both the antennae and the palpi apparently 

being used. In most cases these incidents are brief and 

both individuals quickly resume their previous activities. 

The searching activity does make up a clearly 

defined unit of behavior. In Pterotermes it often alter

nates with a digging phase. Searching usually stops, either 

temporarily or permanently, when a potentially suitable site 

is encountered. The stimulus which terminates searching is 

probably the initiating stimulus for digging behavior. It 

appears that thigmotaxis may be the basic stimulus involved. 

Tables 7 and 8 summarize the data collected to 

determine whether thigmotaxis is involved in this transition 

from searching to digging behavior. The data show that 

Pterotermes never attempted to dig or bore into a smooth 

surface. Both individuals and pairs began their excavations 

in pre-existing cracks or holes. In addition, holes of 

various diameters were drilled randomly over the surface 

of a piece of host wood already perforated by naturally 

occurring holes and cracks. Alates released on the drilled 

host wood seemed to accept the man-made holes of 1/8-inch 

diameter as readily as those occurring naturally. Two 

smaller drilled holes, 1/16-inch diameter, were widened but 

eventually abandoned in favor of 1/8-inch holes. Of the 

other holes not one was excavated, even though all were 

examined, especially those of 1/4-inch diameter. It is 

interesting to note that when one of the 1/8-inch diameter 



Table 7. Pairs of Pterotermes occidentis and Marginitermes hubbardi alates 
digging in various substrates at the end of 1, 4, and 8 hours after 
pairing — 1971, Tucson, Arizona. 

Pairs P. occidentis M. hubbardi 
observed 
for both Pairs digging after: 

Substrate species 1 hour 4 hours 8 hours 1 hour 4 hours 8 hours 

Non-perforated 
wood 15 0.0 0.0 0.0 2.5 2.0 2.0 

Wood with cracks 
and holes 15 14.0 14.0 14.5 12.5 14.0 14.0 

Wood with both 
drilled and 
naturally occurring 
holes 15 13.0 15.0 15.0 8.0 13.5 15.0 



Table 8. Number and sex of alate individuals of Pterotermes occidentis digging 
in various substrates at the end of 1, 4, and 8 hours — Each test was 
conducted on ten individuals of each sex, 1971, Tucson, Arizona. 

No. and sex of individuals digging after: 

1 hour 4 hours 8 hours 

Substrate males females males females males females 

Non-perforated 
wood 0 0 0 0 1 0 

Wood with cracks 
and holes 7 9 9 9 9 8 ' 

Wood with both 
drilled and 
naturally 
occurring holes 9 6 9 9 10 9 



38 

holes was chosen by an alate, dealation almost always 

occurred inside that hole. 

Without more refined experiments it is difficult to 

conclude that thigmotaxis is actually being demonstrated 

but, considering the data in Tables 7 and 8 and the informa

tion gathered on hole size preference, it is difficult to 

interpret these observations in any other way. It is not 

unreasonable to assume a further role for thigmotactic 

stimuli in eliciting dealation within holes and cracks of 

host wood. 

Marqinitermes hubbardi 

On two occasions Marqinitermes females were observed 

in what appeared to be a calling attitude. The abdomen of 

each female was raised to about a 30° angle. In one of 

these observations a male was in the near vicinity but he 

did not appear to respond to the calling female. Observa

tions of more than 100 alates and dealates of this species 

have been made but on only these two occasions was any 

behavior observed that could be described as calling. 

With one notable exception tandem formation and 

tandem running have not been observed in this species. 

Since calling and tandem running behavior usually occur in 

this sequence it is suspected that Marqinitermes may not 

utilize either of these activities in its natural post-

flight behavior. However, a single tandem pair was observed 
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when a dealated female was placed in an arena with a 

dealated male. The tandem lasted for about 15 to 30 seconds 

and was similar to the tandem formation and running of 

Paraneotermes. Several attempts were made to repeat this 

observation with both dealated and alate pairs, but all 

were totally unsuccessful. 

The searching behavior of Marqinitermes is identical 

to that of Pterotermes. although males and females seem to 

take more of an interest in one another when chance meetings 

occur. Brief bouts of mutual grooming have been observed on 

three occasions, one in a petri dish and the other two in 

the cage. But in every other way Marqinitermes behaves in 

the same manner as Pterotermes. 

Table 7 suggests that the thigmotactic response may 

not be as strong in Marqinitermes as in Pterotermes. It 

also shows that five alates were able to begin their own 

excavations. However, the fact is that in each case the 

excavations were made from the underside of wood slices that 

should have been lying flat against the bottom of their 

containers. The space between the wood slice and the bottom 

of the petri dish provided an excellent thigmotactic 

stimulation. Another indication of positive thigmotactic 

response may be derived from the data in Table 9. With 

these individuals no digging occurred in the nonperforated 

substrate. At the four-hour inspection, two females that 



Table 9. Number and sex of alate individuals of Marqinitermes hubbardi digging in 
various substrate treatments at the end of 1, 4, and 8 hours — Each 
test was conducted on ten individuals of each sex, 1971, Tucson 
Arizona. 

No. and sex of individuals digging after: 

1 hour 4 hours 8 hours 

Substrate males females males females males females 

Non-perforated 
wood 0 0 0 0 0 0 

Wood with cracks 
and holes 8 10 10 10 10 10 

Wood with both 
drilled and 
naturally 
occurring holes 5 9 10 7 9 9 
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were previously digging had stopped. No explanation for 

this behavior is apparent. 

Paraneo termes simplicicornis 

In Paraneotermes the calling position assumed by 

both male and female is the same. The alate raises its 

abdomen to a 25° to 30° angle, with the last two to three 

abdominal segments reflexed downward. This reflexion has 

the effect of exposing more of the tergal membrane surface 

between the last few segments. When a female calls, a male 

shows a pronounced and directed taxis within 2 cm or less 

of her. The male then usually approaches the female from 

the rear where he contacts her last three to five abdominal 

segments with his antennae and palpi. Close examination of 

such pairing individuals strongly suggests that the male's 

palpi may play a much larger role than previously thought. 

I have not observed calling in Paraneo termes before deala-

tion, although Nutting (1972) has. The calling attitude may 

be assumed by the alate immediately after dealation or be 

preceded by some running or walking. 

Tandem running and searching, the next activities, 

occur immediately after the male contacts the abdomen of the 

female. The pair then proceeds to run about in a tandem 

procession with the female in the lead. If at any time the 

tandem is broken the female usually stops and the following 

course of action may ensue. The female may search from side 
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to side; if the male is not contacted she may then raise her 

abdomen and once again begin to call. This sequence is not 

rigid for, when the break occurs, she may call immediately 

without displaying the short searching movements. During 

this time the male usually begins a rapid turning or running 

from side to side in increasingly wide circles until he 

again contacts the female. He may also stand still and 

display calling behavior himself. Most observations of male 

calling were made in these situations. Following pairing, 

the female and male proceed to run in tandem over the 

substrate, as previously described, with the female occa

sionally stopping the procession to investigate some aspect 

of the substrate. This searching may be brief or prolonged 

depending on how soon a suitable digging site is found. 

Nutting (1969) has reviewed some reports in the 

literature of abnormal tandems. I have observed tandems in 

Paraneotermes between two or more females and between two or 

more males. In at least one instance a multiple tandem of 

nine alates was observed. Dealated individuals of 

Marqinitermes and Pterotermes were confined with males or 

females of Paraneotermes but no interspecific tandems 

resulted. Under these conditions Paraneo termes females 

called but no positive responses to them were observed by 

either Marainitermes or Pterotermes. In fact, the most 

commonly observed response to contact between any combina

tion of these three species was a pronounced hostility 
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indicated by rapid bumping of the other alates, or jumping 

in the case of Paraneotermes. However, one Paraneotermes 

male formed a brief intergeneric tandem with a female of 

Gnathamitermes perplexus. Similar intergeneric tandems were 

reported by Light and Weesner (1955) between alates of 

Gnathamitermes. Amitermes. and Tenuirostritermes species. 

There appears to be a definite thigmotactic response 

in the searching-digging behavior of Paraneotermes. As with 

Pterotermes and Marqinitermes this response seems to termi

nate the searching phase and initiate digging activity. The 

experiments that were conducted to provide evidence for a 

thigmotactic response were made in conjunction with those to 

determine substrate influence on dealation time (Tables 5 

and 6). The pieces of wood that were partially embedded in 

soil provided several sites where a thigmotactic response 

could be tested. Alates placed in these test arenas de-

alated, called, formed pairs, and began to search in tandem 

for suitable digging sites. When the soil was tamped down 

so as to present a smooth surface, either of two locations 

was inevitably selected as digging sites. The first was at 

the soil-wood interface. A dealated female usually examined 

this area and initiated digging in them. Otherwise, when no 

wood was provided, females chose to dig at the angle where 

the tamped soil met the side of the dish, a location which 

provided a suitable thigmotactic stimulus. 
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Digging Behavior 

Pterotermes occidentis 

When males and females were tested on paloverde 

wood already occupied by individuals or pairs, some inter

esting results were obtained. Neither individual male nor 

female dealates of Pterotermes were successfully able to 

join a pair of alates already established in a hole. In 

fact, hostile behavior including rapid bumping or shaking 

of the whole body when an individual attempted to enter a 

cell already occupied by a pair of dealates. 

Individual females entering holes already occupied 

by males were accepted as often as they were rejected. Five 

females were accepted and five were rejected or did not 

succeed in entering the male-occupied cells. The same was 

true when males attempted to enter holes occupied by 

females. Six males were rejected and four males were 

accepted in this test. Also in this test several empty 

holes were explored by individuals before occupied holes 

were found. There seemed to be no marked taxis toward any 

particular hole. When a dealate entered a hole occupied by 

another, both termites often left, although they usually 

returned to begin digging. This leaving and re-entering 

might occur several times before the activity stabilized 

to digging only. One comment might be made in connection 

with this behavior. The original occupants, either pairs or 
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individuals, were present in these holes for a maximum of 

two days. Both physiological and behavioral changes could 

occur in that time which might influence their ability to 

accept another individual. In a situation so complex, many 

more observations should be made to determine"an average 

behavioral response. No definite or positive attraction 

seems to be associated with open, occupied holes. 

A further experiment was performed to determine 

whether plugs of frass and chewed wood might influence 

subsequent searching by alates or dealates. As described 

under Methods, the frass plugs were removed from holes or 

cells occupied by males or females. Of the 15 males tested 

on female plugs, only two showed any prolonged interest in 

the closures. Fifteen females tested on male plugs showed 

no interest in them at all. Nor did dealates that were 

tested on occupied and sealed copularia show any positive 

responses. 

Marqinitermes hubbardi 

The set of experiments described for studying 

digging behavior in Pterotermes was duplicated for 

Marqinitermes and the results were generally similar. As 

in Pterotermes. established pairs of Marqinitermes dis

played the same hostile behavior toward individuals of both 

sexes that attempted to enter their cells. Similarly, 

neither individual males nor females seemed to be 
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significantly attracted to holes occupied by others of the 

opposite sex. When ten females were released in the cage 

only three entered holes already occupied by males. Out of 

ten males released, four were observed to enter the cells 

already occupied by females. In no case was there any 

increase in activity or evidence of directed taxes during 

the searching phase. 

As for the responses to initial cell closures by 

individual dealates, the same general pattern emerged as in 

Pterotermes. Of 15 males exposed to translocated closures, 

three showed some response but no attempt to chew or to 

remove the plugs. On the other hand, of the fifteen females 

exposed to the same materials, five examined the plugs 

briefly and one actually chewed on and successfully removed 

a plug. When the same dealates were subsequently tested on 

a substrate containing closed, occupied copularia, no 

interest in these cells was observed. 

Paraneo termes simplicicornis 

When a choice between holes in soil and holes in 

wood embedded in soil was offered to this species, all of 

the pairs and individuals selected holes in the soil for 

initiating their excavations. In the control tests, where 

no holes in the wood or soil were available, all digging 

occurred at either the junctures of soil and dish or soil 

and embedded wood. 
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Closing Behavior 

Pterotermes occidentis and Marginitermes 
hubbardi 

In both of these species, closing of the copularium 

usually began 12 to 72 hours after the pair started to dig 

and this schedule did not differ for single individuals. As 

the initial excavation is deepened and widened, a pile of 

chewed wood often begins to fill the entrance to the burrow. 

The plug is usually recessed one to several millimeters from 

the original opening in the host wood. 

When one of these plugs is carefully removed and 

examined, its overall structure can be seen to consist of 

three components: small wood fibers, frass pellets, and a 

coagulated or hardened binding cement. This cement is 

probably proctodeal in origin. Wilkinson (1962) described 

a similar proctodeal cement for Cryptotermes havilandi. If 

these plugs are back-lighted and examined under the dissect

ing microscope, it can be observed that they are porous. 

The plug matrix actually appears to be perforated by 

scattered holes. The composition of the plugs is identical 

for both species. 

Paraneo termes s implicicornis 

In this species closure may not be a distinct 

activity. When the alates enter the soil, closure of the 

burrow appears to be an accidental result of piling 
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excavated soil in and around the opening. As the burrow is 

deepened by the digging pair, soil is pushed up behind the 

termites and a plug is eventually formed as a result. Both 

alates used their legs to pass excavated soil beneath their 

bodies to the rear of the burrow. 

Mass Release 

Pterotermes occidentis 

Results of this test proved to be quite important 

in the elucidation of the courtship pattern of Pterotermes. 

Out of 50 pairs released only 72 individuals could be 

accounted for after all examinations were made. It was 

interesting to note that the 72 individuals included 34 

males and 38 females. In the branch checked three days 

after release, eight pairs were found in eight sealed 

copularia. Eleven other individuals were found in single 

closed cells. One additional pair of females was also 

discovered occupying a single cell. In the limb examined 

two weeks after release, three pairs were found in sealed 

copularia. Three males, only one of which was still alive, 

were found occupying individual sealed cells. Six dead 

females were also found; three of them were occupying a 

single sealed cell and three were discovered in sealed, 

individual cells. In the limb checked three months after 

release, nine established pairs were found in the wood. 

Five of these nine pairs had either eggs and early instar 
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larvae or only eggs. In addition, seven individuals, two 

males and five females, were also found each one in a single, 

sealed cell. Two other females were found dead in a crack 

in the substrate. 

In summary, out of 36 possible pairs only 20 

functional pairs were found; the remainder occupied sealed 

cells as individuals, pairs of the same sex, or other 

multiple units. The full implications of these data will 

be considered in the Discussion section. 

v 



TERGAL GLAND MORPHOLOGY 

Pterotermes occidentis 

Each of the views presented in Figures 2 to 22 is 

a parasagittal section of an abdomen. Figure 2 shows the 

tergal glands (t.) as they appear in the alate male. The 

two glands are located beneath the cuticle of terga 9 and 

10. In Figure 3 it can be seen that the female alate 

possesses three glands, in terga 8, 9, and 10. The gland 

in tergum 8 is considerably smaller than the others. 

Figure 4 shows a late instar nymph. Although fully developed 

tergal glands are not found in this section, the epidermal 

layer of cells (t.epd.) appears somewhat thickened in tergum 

10. No glandular tissue or distinct thickening of the 

epidermal layer of cells is apparent in the pseudergate, 

larva, or soldier shown in Figures 5, 6, and 7. A view of 

a female replacement reproductive is shown in Figure 8. 

Epidermal tissue is present and somewhat thickened. It is 

suspected that this epidermal layer is reduced tergal gland 

tissue. In Figure 9 a male replacement reproductive does 

show a pronounced thickening of the epidermal tissue, 

especially in terga 9 and 10. 
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Figure 2. Parasagittal section of the abdomen of a 
Pterotermes occidentis male alate — t, tergal 
gland; 8-10, abdominal terga. 
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Figure 3. Parasagittal section of the abdomen of a 
Pterotermes occidentis female alate — t, tergal 
gland; 8-10, abdominal terga. 
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Figure 4. Parasagittal section of the abdomen of a 
Pterotermes occidentis late instar nymph — 
tepd, thickened epidermal tissue; 8-10, 
abdominal terga. 



Figure 5. Parasagittal section of the abdomen of a 
Pterotermes occidentis pseudergate — 8-10, 
abdominal terga. 
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Figure 6. Parasagittal section of the abdomen of a 
Pterotermes Occidentis late instar larva — 
8-10, abdominal terga. 
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Figure 7. Parasagittal section of the abdomen of a 
Pterotermes occidentis soldier — 8-10, 
abdominal terga. 
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Figure 8. Parasagittal section of the abdomen of a 
Pterotermes occidentis female replacement 
reproductive — tepd, thickened epidermal 
tissue; 8-10, abdominal.terga. 
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Figure 9. Parasagittal section of the abdomen of a 
Pterotermes occidentis male replacement 
reproductive — tepd, thickened epidermal 
tissue; 8-10, abdominal terga. 
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Marqinitermes hubbard i 

Figure 10 shows a male alate with glands appearing 

in terga 9 and 10. A female alate (Figure 11) also has only 

two glands, in terga 9 and 10. The parasagittal views of 

the late instar nymph (Figure 12), larva (Figure 13), 

soldier (Figure 14), male replacement reproductive (Figure 

15) and female replacement reproductive (Figure 16) show 

that tergal glands are not present in these castes. Since 

the pseudergate caste has not yet been identified in 

Marqinitermes colonies, information related to this form 

could not be presented. 

Paraneotermes simplicicornis 

By far the most striking tergal glands can be found 

in the male and female alates of this species (Figures 17 

and 18). In the male, deeply staining glands are found in 

terga 7, 8, 9, and 10. In the female alate only three 

glands appear and they occur in terga 8, 9, and 10. The 

nymph (Figure 19) displays the same general condition of 

thickened epidermal tissue as found in the Pterotermes 

nymph. The larva (Figure 20), soldier (Figure 21), and 

pseudergate (Figure 22) show no evidence of tergal glands. 

No replacement reproductives of this species were obtained, 

so that information on tergal glands in this caste is not 

available. 
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Figure 10. Parasagittal section of the abdomen of a 
Marqinitermes hubbardi male alate — t, tergal 
gland; 8-10, abdominal terga. 
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Figure 11. Parasagittal section of the abdomen of a 
Marginitermes hubbardi female alate — t, tergal 
gland; 8-10, abdominal terga. 



Figure 12. Parasagittal section of the abdomen of a 
Marqinitermes hubbardi late instar nymph — 
8-10, abdominal terga. 
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Figure 13. Parasagittal section of the abdomen of a 
Marqinitermes hubbardi late instar larva 
8-10, abdominal terga. 
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Figure 14. Parasagittal section of the abdomen of a 
Marginitermes hubbardi soldier — 8-10, abdominal 
terga. 
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Figure 15. Parasagittal section of the abdomen of a 
Marginitermes hubbardi female replacement 
reproductive — 8-10, abdominal terga. 



Figure 16. Parasagittal section of the abdomen of a 
Marqinitermes hubbard i male replacement 
reproductive — 8-10, abdominal terga. 
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Figure 17. Parasagittal section of the abdomen of 
Paraneo termes simplicicornis male alate 
tergal gland; 7-10, abdominal terga. 
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Figure 18. Parasagittal section of the abdomen of a 
Paraneotermes simplicicornis female alate 
t, tergal gland; 8-10, abdominal terga. 
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Figure 19. Parasagittal section of the abdomen of a 
Paraneotermes simplicicornis late instar nymph — 
tepd , thickened epidermal tissue; 8-10, 
abdominal terga. 
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Figure 20. Parasagittal section of the abdomen of a 
Paraneotermes simplicicornis late instar larva 
— 8-10, abdominal terga. 
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Figure 21. Parasagittal section of the abdomen of a 
Paraneo termes simplicicornis soldier — 8-10, 
abdominal terga. 



Figure 22. Parasagittal section of the abdomen of a 
Paraneotermes simplicicornis pseudergate — 
8-10, abdominal terga. 
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Size and Cellular Structure of the Tergal Glands 

In all three species the size of the tergal glands, 

as measured in sagittal sections, ranged from approximately 

0.12 mm to 0.30 mm in length and 0.02 mm to 0.15 mm in 

height. 

Figure 23 shows some of the cellular detail of a 

tergal gland of a Pterotermes female alate. At least one 

specialized cell type is apparent, a large columnar cell 

(c.c.) with distinct nuclei (n.). The cytoplasm appears to 

be granular (g.c.) as revealed by light microscopy. The 

integument shows vertical striations (st.), perhaps the 

canaliculi which have been found in a similar location in 

Kalotermes flavicollis by Noirot (1969). Specialized 

histochemistry and transmission electron microscopy should 

be carried out on this tissue to elucidate the glandular 

fine structure and to determine at this level the similari

ties between the tergal glands of each species and sex. 
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Figure 23. Sagittal section through the tergal gland of a 
Pterotermes occidentis female alate showing 
cellular detail — cc, columnar cell; n, nucleus; 
gc, granular cytoplasm; st, striations. 



DISCUSSION 

The overall courtship patterns for each of these 

species are summarized in Figure 24. The sequence for 

Pterotermes includes dealation, searching, digging, and 

closing activities. If digging stops or is interrupted 

before closure takes place, searching is resumed. Alates 

of this species may drop their wings before entering the 

wood. However, my observations suggest that it is more 

common for them to dealate inside prospective digging sites 

such as cracks and old, wood boring beetle holes where the 

confining surfaces aid in the process. Natural host sub

strates such as paloverde and saguaro wood appear to 

stimulate dealation when compared with nonhost woods such 

as mesquite. 

I have found no evidence that either sex calls, or 

that female-male tandem pairs are formed for seeking out 

suitable nesting sites together. Pairs are apparently 

formed at the nesting site which may be discovered and 

occupied by either sex. The opposite sex must then join 

the established individual, either later during the same . 

night or perhaps many nights later. A thigmotactic stimulus 

is probably involved in the termination of searching and 

initiation of digging activities. Burrow-closing behavior 

of Pterotermes involves the construction of a plug composed 
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Figure 24. Courtship behavior sequences of three species of dry-wood termites — 
Heavy black arrows indicate normal sequence for Paraneotermes 
simplicicornis (P.s.); reverse arrows, steps which may be repeated 
in this sequence. Thin arrows represent sequences for Pterotermes 
occidentis (P.O.) and Marqinitermes hubbardi (M.h.). 
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Figure 24. Courtship behavior sequences of three species of dry-wood termites. 
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of chewed wood, fecal pellebs, and a cement which is 

probably proctodeal in origin. 

The courtship behavior pattern of Marqinitermes is 

basically similar to that of Pterotermes. although 

Marqinitermes alates were seen calling twice and in tandem 

once in many hours of observation. Even if these activities 

occur more frequently in natural settings, they are certainly 

not prerequisites for successful colony foundation. 

Paraneotermes has a more complex behavioral reper

tory and behaves more like a subterranean rhinotermitid or 

termitid than it does a kalotermitid. In my observations of 

Paraneotermes. dealation occurred prior to calling and 

tandem running. Paraneo termes alates dealate, call, form 

tandems, search, then dig and close, in that order. 

Dealation can take place very rapidly in the alates 

of this species and my observations show that it is generally 

accomplished without any assistance from the substrate. As 

with Pterotermes and Marainitermes, wing shedding appears to 

be stimulated by contact with suitable substrates such as 

damp soil or dead wood of favored host species. 

Both males and females of Paraneo termes call but the 

searching activity is usually initiated by the female who 

most often leads the tandem. Thigmotaxis again appears to 

be the primary stimulus for terminating searching and 

beginning digging activity. Digging takes place most often 

in damp soil while closing may be considered to be an 
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accidental result of piling excavated soil around the 

opening and in the first few mm of the burrow. 

These elements of courtship behavior have been 

described by other investigators for some of the other 

Kalotermitidae. Kalshoven (1960) has described some 

details of the courtship behavior of Crvptotermes cyno-

cephalus Light. He found that alates may shed their wings 

before or during their entrance into small holes. His 

description of dealation contains the same elements that I 

have found in both Pterotermes and Marainitermes. Although 

wings are normally removed with the assistance of rough 

surfaces, both Pterotermes and Marainitermes can drop their 

wings without this aid. 

Kalshoven also reported that C. cvnocephalus forms 

tandems and that during tandem running the abdomen of the 

female is slightly elevated. This might be a continuation 

of the calling that often occurs when a tandem is momen

tarily disrupted as in Paraneotermes. Kalshoven described 

the digging behavior of C. cynocephalus as being in pre

existing holes of small diameter. These holes are often the 

result of activities of wood-boring beetles of the families 

Scolytidae and Platypodidae. His description of hole 

selection and digging behavior closely parallels the same 

activities found in Pterotermes and Marainitermes. He 

included a description of single individuals occupying holes 

where they may later be joined by other individuals. It has 
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already been stated that in the mass release of Pterotermes 

alates, single individuals were found in several cells. 

Since Pterotermes and Marqinitermes do not normally call or 

form tandems, pair formation may occur by this watch and 

wait method. 

Differences in closing behavior among C. cynocephalus. 

Pterotermes. and Marqinitermes are minor. In C. cynocephalus 

both individuals of a pair participate and a proctodeal 

secretion is used as the plugging material. Kalshoven does 

not mention the incorporation of chewed wood or fecal 

pellets. As previously mentioned the cement used by 

Pterotermes and Marqinitermes is also probably- proctodeal 

in origin. 

Useful comparisons of courtship behavior can also 

be made between the species in this investigation and the 

courtship pattern of Cryptotermes havilandi described by 

Wilkinson (1962). As Nutting (1969) has already pointed 

out, _C. havilandi differs from C. cvnocephalus in that the 

former species does not tandem or call. In C. havilandi the 

wings are shed previous to entering the host wood. Although 

the wings are sometimes shed at a distance from any wood 

surface, they are often found just outside entrance holes. 

Wilkinson adds that wing shedding is very rapid. These 

observations seem to be closely related to the behavior of 

Paraneotermes. Marqinitermes. and Pterotermes. 
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In C. havilandi wing shedding is followed by search

ing and boring activities, the latter taking place in pre

existing holes. Not only is there a lack of calling and 

tandem formation in this species but during searching the 

dealates actively repelled one another if an encounter took 

place. According to Wilkinson's observations, single alates 

may occupy individual cells until a mate successfully seeks 

them out or they die. Because it does not call or form 

tandems and because single individuals can often be found 

in post-flight cells, £. havilandi appears to pair in a 

manner similar to Pterotermes and Marainitermes. 

Wilkinson also noted that C .  havilandi makes its 

cell closures at the surface of the entrance tunnel or 

several millimeters inside. This description closely 

parallels the observations made on Pterotermes and 

Marqinitermes. In addition, Wilkinson's description of the 

activities involved in closing the tunnel with a proctodeal 

cement is similar to Kalshoven's (1960) for C. cvnocephalus. 

There is no incorporation of chewed wood or fecal pellets in 

the original closures made by the alates of C. havilandi. 

In a series of cleverly devised experiments, Wilkinson 

demonstrated that the most successful closures are made in 

holes that are only slightly larger than the imagoes. It 

could be that a thigmotactic stimulus-response pattern 

occurs in this species. If this can be assumed, Pterotermes 
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and Marqinitermes courtship behavior is very similar to that 

of havilandi in almost every aspect. 

More comparisons can be derived from Harvey's (1934) 

work on Incisitermes minor. During a flight Harvey noted 

that the alates emerged in groups of seven to twelve 

individuals and that after ten or twelve such groups had 

emerged no other alates would fly for 20 to 30 minutes. 

This description of flight behavior is very similar to that 

of Pterotermes. whose alates emerged at night in groups of 

five to nine individuals, with only one group flying every 

15 to 30 minutes during the three days of observation. 

Harvey indicates that dealation occurs by a spread

ing of the wings in a down and outward motion which brings 

the wing blades into contact with the substrate. This 

movement is followed by a side to side pivoting motion. 

Although these movements are not exactly reproduced in the 

behavior of Pterotermes and Marqinitermes there is a close 

correlation, especially in the pivoting or side to side 

movements. The pairing of I. minor as described by Harvey 

is somewhat different from that found in any of the three 

dry-wood termites observed during my investigations. There 

appears to be an initial hostility when alates of the 

opposite sex meet one another head to head. However, this 

aggressive behavior is either maintained, in which case no 

pairing results, or the aggression stops and a pair is 

formed. Harvey does not use the word tandem but he implies 
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that a tandem is formed following the head to head encounter 

of the imagoes. 

After pair formation, I_. minor alates find a suitable 

substrate and begin an excavation, evidently even on smooth 

surfaces. Pterotermes. and Marqinitermes excavations are 

never started on a smooth wood surface. Thigmotactic stimuli 

were also used by this species to initiate digging. 

The closing behavior of I_. minor is similar to that 

of Pterotermes and Marqinitermes. The plug is composed of 

chewed wood and a cementing secretion of unknown origin, but 

possibly proctodeal. The overall pairing behavior of I_. 

minor thus contains many of the same general elements as in 

the species of this investigation; however, the head to head 

encounters and boring into smooth substrates are not normally 

a part of the behavior patterns of Paraneotermes. 

Marqinitermes. or Pterotermes. 

Because of its availability and relatively simple 

rearing requirements (Harris 1969), Kalotermes flavicollis 

is one of the most commonly used and well known drv-wood 

termites in the Mediterranean area. Some valuable compari

sons of courtship behavior can be made with Paraneotermes. 

Marqinitermes. and Pterotermes. Both Buchli (1960) and 

Grasse (1949) report calling and tandem behavior in K. 

flavicollis. Buchli (1960) described female on male and 

male on male tandem's'. These abnormal tandems were not 

commonly observed in Paraneotermes. but they do occur. 
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Buchli's explanation of this behavior is based on the 

assumption that the female sex attractant (assuming one 

exists) is left on the substrate and that the lingering 

scent may account for the unusual tandems. Such an 

explanation is probably not necessary for Paraneotermes. 

since both female and male alates of this species possess 

tergal glands. It is proposed that the reciprocal tandems, 

in Paraneotermes at least, are the result of functional 

tergal glands in both sexes. This can be further supported 

by the fact that Paraneo termes males display calling be

havior. 

The total courtship pattern of Paraneo termes is 

very similar to that of many subterranean termites, for 

example, that of Reticulitermes lucifuaus as described by 

Buchli (1960). This species dealates upon alighting, the 

female calls, and a tandem is joined, followed by searching, 

digging, and closing activities. 

Table 10 summarizes the castes and developmental 

stages examined for tergal glands. Figure 25 shows 

schematically the position and number of glands in the 

alates of each species. Fully developed glands appear only 

in the alates, but reduced glands do occur in the neotenic 

reproductives of Pterotermes. 

An explanation for the differences in the courtship 

patterns of Pterotermes. Marginitermes. and Paraneo termes 

is complicated by the fact that the glands are present 



Table 10. Summary of tergal gland occurrence in the various castes and develop
mental stages of Pterotermes occidentis. Marqinitermes hubbardi. and 
Paraneotermes simplicicornis. 

Imago Caste or stage 
Replacement 
reproductive 

Termite male female nymph pseudergate larva soldier male female 

P. occidentis + (2) + (3) 7 0 0 0 7 1  

M. hubbard i + (2) + (2) 0 NA 0 1  0 0 

P .  simplicicornis + (4) + (3) •? 0 0 0 NA NA 

+ = glands present. 
0 = glands absent. 
? = reduced glands. 
() = number of glands present. 
NA = castes not available 

i 
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Figure 25. Diagram showing number and position of alate 
tergal glands Male and female alates of A, 
Pterotermes occidentis: B, Marginitermes 
hubbardi; C, Paraneotermes simplicicornis. t, 
tergal glands; nos. 5 to 10, abdominal terga. 



5. 6. 7. 8. 9. 10. 

B. 

Figure 25. Diagram showing number and position of alate 
tergal glands. 
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whether calling and tandem running takes place, as in 

Paraneotermes. or not, as in Pterotermes and Marqinitermes. 

Comparisons with other studies on tergal glands are helpful 

in relating any possible use of these glands to certain 

steps of the courtship repertories in other species of the 

Kalotermitidae. Noirot (1969) indicated that the tergal 

glands in K. flavicollis are fully developed in both sexes 

but reduced in the neotenic reproductives. He stated that 

the glands probably appear in the last instar nymphs some

what before the time of the imaginal molt. In the neotenic 

reproductives he described reduced glands as appearing 

around the time of the final molt but undergoing further 

reduction after the neotenic pair became functional. 

In Pterotermes and Paraneotermes. the glands 

probably begin to differentiate during the last nymphal 

instar, and the same may also be true for Marqinitermes. 

It is possible that the nymphs used for the Marqinitermes 

preparations were not in the pre-imaginal instar, so that 

the tergal glands had not begun to develop. This study 

should be continued to determine more accurately the timing 

and progress of tergal gland development. 

On the basis of evidence then available, Noirot 

(1969) suggested that two assumptions could be made con

cerning possible relationships between the presence of 

tergal glands and certain elements of courtship patterns. 

First, where tergal glands are present, calling and tandem 
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activities are also present. This situation is illustrated 

by Paraneotermes. Both sexes display obvious calling 

behavior which clearly attracts the opposite sex and leads 

to pairing and tandem formation. This species possesses 

glands in the proper location at the tip of the abdomen 

and, in addition, the male or female response is directed 

toward that abdominal area. A strong case may be made here 

for sex pheromone production by the tergal glands. But 

Noirot (1969) was also aware that both calling and tandem 

running can occur where tergal glands are absent. This is 

the case in Reticulitermes lucifugus (Buchli 1960). 

However, a third possibility must now be considered. 

Tergal glands are present in both Pterotermes and 

Marginitermes but calling and tandem running do not 

normally occur in these species. This observation raises 

the question of what function well developed tergal glands 

may serve if they are not used in attracting and holding a 

mate. At present there is no satisfactory answer to this 

question. Evidence for a sex pheromone produced by another 

tissue has been recently described for Zootermopsis 

nevadensis (Hagen) by Pasteels (1972). He proposes that the 

sternal gland in JZ. nevadensis may function not only in 

trail laying but in sex attraction as well. The alates of 

Z. nevadensis perhaps use one compound from the sternal 

gland as a trail marker and a second compound as a sex 

pheromone, otherwise differences in pheromone concentration 
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might be a possibility. Pasteels' observation may provide 

a working hypothesis for seeking a similar sex attractant 

in sternal glands of Pterotermes and Marginitermes. 



SUMMARY AND CONCLUSIONS 

Behavioral and morphological studies have been made 

on three dry-wood termites of southern Arizona. In the 

first two species, Marqinitermes hubbardi and Pterotermes 

occidentis. alates have similar courtship repertories which 

include dealation, searching (for a nesting site), digging, 

and cell-closing activities. This rigid sequence is not 

prerequisite to successful colony foundation in the labora

tory, since host woods appear to provide appropriate stimuli 

for dealation in these species. Pair formation can occur 

at any point after flight. Searching is terminated by 

receiving the proper thigmotactic stimulus. Following the 

search for a digging site the dealates enter the wood by 

pre-existing holes and, individually or in pairs, establish 

copularia. Individuals probably do not survive more than a 

few weeks unless they are joined by a mate. 

Histological studies show that tergal glands are 

fully developed only in the winged reproductives of these 

two termites, and appear during the last nymphal instar. 

They occur in reduced form in neotenic reproductives of 

Pterotermes. It has been suggested that these glands pro

duce a sex attractant which controls certain elements in the 

courtship pattern. However, observations show that the 
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tergal glands do not play an obvious role in the courtship 

behavior of Pterotermes or Marqinitermes. 

In Paraneo termes the courtship pattern includes 

dealation, calling, tandem running, searching, digging, and 

closing activities, usually in that order. Tergal glands 

occur in adults of both sexes and might reasonably 

function, through the production of a pheromone, in calling 

and ensuing activities of the pair. The courtship patterns 

of all three species are compared with those reported for 

several other species of dry-wood termites. 
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