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Swarming Behaviour and Alate Sex-Ratio
of Heterotermes indicola (Wasmann)
(Isoptera: Rhinotermitidae)
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Abstracts.- Swarming behaviour of Heterotermes indicola (Wasmann) was observed during the swarming
season of 2003 and 2004 in the Punjab University, New Campus, Lahore, Pakistan. Swarming took place on 15 out of
92 nights for which observations were made. Swarming started after 3 rainfall of the season, which created suitable
combination of relative humidity and temperature required for swarming. Peak emergence of alates was observed after
heavy rainfall (16mm) of short duration at 25.7°C to 36°C with 100% humidity. Frequency of swarming was
maximum between 8:00 to 8:30 P.M. Overall sex ratio of H. indicola indicates that males dominate over females 5:1

(Male: Female).
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INTRODUCTION

Swarming iS an important event in the

biology of termites during which males and females
emerge from the nests, mate and establish colonies.
The swarming period provides the only occasion
when observations can be made undisturbed on
many species of termites (Nutting, 1966). Few
studies are available on swarming of termites in
Pakistan (Akhtar, 1978; Afzal, 1983, 1984; Akhtar
and Amanullah, 1989; Akhtar and Shahid, 1990;
Ravan and Akhtar, 1999), compared to those done
in other parts of the world (Nalepa et al., 2001;
Jones and Nalepa, 2002; Martius, 2001, 2003; Park
et al., 2004; only recent studies have been cited).

In Pakistan swarming of termites has been
observed after rain often on hot and humid days.
Termites do not swarm only on rainy day, but also
six and seven days after the rain. When humidity of
the atmosphere decreases appreciably, the swarming
stops till the next rain (Akhtar, 1978).

In this study we report the impact of different
environmental factors regulating the swarming
pattern of Heterotermes indicola (Wasmann) in a
specified plot in Lahore.

MATERIALS AND METHODS

A plot (100x100 meter) was selected in the
new campus area near canal. For collection of
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swarming termites, a light trap of 200 watt was
installed in specified plot and was posted 3.5 feet
high from the ground. Each day from June 1%, 2003/
2004 to August 31, 2003/2004, observations for the
collection of swarming alates, irrespective of
rainfall were made from sunset till 11:00 PM at
night. Number of alates collected at light trap during
every 30 minute were kept separate to know the
peak emergence of alates of H. indicola. Besides,
daily record of environmental factors i.e., rainfall,
atmospheric temperature, soil temperature, relative
humidity etc. was also kept to see their effect on
swarming. The data of environmental factors were
obtained from the Regional Meterological Centre,
Lahore. Imagoes collected both manually and with
the container, from the light trap were preserved in
80% ethanol for further studies in the laboratory.
Imagoes were sexed on the basis of width of seventh
sternum, which is broader in females than in males.
Females had dark brown thick outline on the
abdomen. Data regarding production of alates in
relation to environmental conditions were analyzed
for correlation coefficient.

RESULTS

During 2003, flights of H. indicola were
recorded around the specified plot on only fifteen of
ninety two nights of observations. A total of 15
swarms of H. indicola were observed. Basic data
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regarding the number of alates collected on different

dates and times along with environmental factors is
Table I.-
bank, New campus, Lahore.
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shown in Table I.

Relationship of different environmental factors with number of alates in Lahore (Pakistan) during 2003 at canal

Time of start of Soil . Relative . Heterotermes indicola (wasmann)

Date swarming temp. AtZTnOSp(Tg)I ¢ humidity Ra::]r;;all Male Female

PM ©°C) P: % No. % _ No. % Total
17-7-03 8:00 29.70 35.4 92 0.0 253 7.61 17 3.29 270
21-7-03 8:30 31.50 37.1 96 0.0 178 5.36 15 2.90 193
23-7-03 7:30 31.60 34 62 0.0 316 9.51 15 2.90 331
24-7-03 8:00 30.60 35 89 1.0 140 421 11 2.13 151
25-7-03 8:00 31.70 34.8 60 60.0 480 14.45 23 4.46 503
26-7-03 7:40 31.60 36.5 85 0.0 391 11.77 30 5.81 421
27-7-03 7:30 31.70 36 100 16.0 487 14.66 17 3.29 504
29-7-03 7:30 32.60 35.2 59 0.0 401 12.07 28 5.43 429
31-7-03 7:10 29.80 35.1 62 0.0 240 7.22 14 5.81 254
4-8-03 7:40 31.0 324 67 9.7 59 1.77 44 8.52 103
5-8-03 7:30 30.7 33.1 67 0.0 110 3.31 79 15.31 189
6-8-03 7:45 30.5 34 60 0.0 74 2.22 53 10.27 128
10-8-03 7:30 31.7 37 72 9.0 72 2.17 71 13.75 143
11-8-03 7:30 32.2 335 54 0.0 53 1.59 48 9.30 101
12-8-03 7:40 32.4 36.5 50 0.0 68 2.04 35 6.78 103
Total 3322 500 3822

Correlation coefficient:

Soil temperature vs. total number of alates =0.187; Atmospheric temperature vs. total number of alates = 0.264;
Relative humidity vs. total number of alates =0.143; Rainfall vs. total number of alates = 0.505

During 2003, the first swarming took place
on July 17 at 35.4°C atmospheric temperature and
92% relative humidity. Before the beginning of
swarming, two sporadic rains of light intensity
occurred in the studying area on July 14 and 15 and
increased the atmospheric humidity. Maximum
number of alates — 503 and 504 were collected
respectively, on July 25 and 27 at 34.8 and 36°C
atmospheric temperature and at 60 and 100%
relative humidity (Table I, Fig. 1). A total of 3822
alates were collected during the swarming season of
2003. The swarming dates in relation to maximum
and minimum atmospheric temperatures during
2003 and 2004 (data from Regional Metrological
Centre) are shown in Figure 2.

The swarming behavior of H. indicola was
also studied in 2004. The first swarming was
observed on July 19, 2004 at 36°C atmospheric
temperature and 47% relative humidity after two
sporadic rains in the area on July 16 and July 17,
2004. The swarming period lasted from July 19,

2004 to August 2, 2004. During this period, 1677
alates were collected.

It rained more in 2003 than 2004. The data
regarding the number of alates collected at different
times and dates along with environmental factors
are given in Table Il and Figure 3.

During the study period of 2003, a total of
3822 alates of H. indicola were collected and
atmospheric temperature ranged from 32.4°C to
37°C and soil temperature from 29.70°C to 32.60°C,
while during 2004, atmospheric temperature ranged
from 29.3°C to 38°C and soil temperature from
29.30°C to 33.70°C. Maximum swarming of the
species occurred on July 27, 2003 at 100% relative
humidity when there was 16 mm rainfall and
atmospheric temperature 31.70°C. During 2004,
maximum swarming of H. indicola was witnessed
on July 19, 2004 at 47% relative humidity, 0.0 mm
rainfall and 36°C atmospheric temperature.

Swarming of H. indicola in relation to
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environmental factors

During the swarming period of 2003,
atmospheric temperature ranged from 32.4°C
to 37.1°C but the soil temperature ranged from
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Fig 1. Number of alates of H. indicola
(Wasmann) in relation to rainfall, atmospheric
temperature and relative humidity during 2003.

29.70°C to 32.60°C. Coefficient of correlations
between number of alates collected at different
atmospheric temperatures (r = 0.264; d.f. = 13
P>0.05), between number of alates and soil
temperature (r = 0.187; d.f. = 13 P>0.05), between
number of alates and relative humidity (r = 0.143;
d.f. = 13; P>0.05), and between number of alates
and daily rainfall (r = 0.505; d.f. = 13; P>0.05) were
positive but non significant.

Maximum emergence of alates was recorded
during 3" and 4™ week of July 2003 and 1% and 2™
week of August, 2003. The minimum number of
alates was collected on August 11, 2003 at 33.5°C

atmospheric temperature and 54% relative humidity.
Swarming almost ceased during the last two weeks
of August. This decline in swarming could be
because most of the swarming had already taken
place or a critical combination of temperature and
relative humidity did not develop which was
necessary for swarming.

During 2004, swarming of H. indicola started
on July 19, 2004 at 36°C and 47% relative humidity
just after two rainfalls. Swarming continued for 5
consecutive days. Maximum number of alates was
collected on July 19, 2004. The minimum number of
alates was collected on July 30, 2004 at 34.3°C
atmospheric temperature and 77% relative humidity.
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Fig. 2. Swarming dates of H. indicola
(Wasmann) in relation to atmospheric
temperature  (Maximum and  Minimum
Temperature) data collected from Regional
Meterological Centre, Lahore during 2003 (top)
and 2004 (bottom).

Coefficient of correlations between number
of alates collected at different atmospheric
temperature was positive but non significant (r =
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0.048; d.f. = 10, P>0.05), between number of alates
and soil temperature (r = -0.346; d.f. = 10; P>0.05),

between number of alates and relative humidity
Table I1.-
bank, New campus, Lahore.

(r=-0.577; d.f.=10; P<0.05), between number of

Relationship of different environmental factors with number of alates in Lahore (Pakistan) during 2004 at canal

Time of start Soil . Relative - Heterotermes indicola (wasmann)

Date of swarming temp. Attenr:]OSp(t]g)' ¢ humidity R?Lnr:‘]all Male Female

PM (°C) P % No. % No. % Total
19-7-04 7:45 31.00 36.0 47 0.0 202 15.44 8 217 210
20-7-04 7:40 30.80 35.3 55 0.0 157 12.00 5 1.35 162
21-7-04 7:40 31.50 37.2 32 0.2 191 14.60 11 2.98 202
22-7-04 8:00 31.00 37.1 40 0.0 129 9.86 7 1.90 136
23-7-04 7:45 31.80 38.0 42 0.0 121 9.25 3 0.81 124
26-7-04 7:30 33.00 37.8 58 0.0 134 10.24 2 0.54 136
27-7-04 7:40 33.70 36.6 62 0.0 90 6.88 7 1.90 97
28-7-04 7:30 33.00 35.2 63 0.0 98 7.49 3 0.81 101
30-7-04 7:45 30.00 34.3 77 0.0 28 214 66 17.87 94
31-7-04 7:30 29.3 29.3 67 55 43 3.29 117 31.70 160
1-8-04 7:40 32.7 32.7 100 0.0 50 3.82 58 15.71 108
2-8-04 7:30 33.6 33.6 64 22.8 65 4.97 82 22.22 147
Total 1308 369 1677

Correlation coefficient:

Soil temperature vs. total number of alates = -0.346; Atmospheric temperature vs. total number of alates = 0.048;
Relative humidity vs. total number of alates = -0.577; Rainfall vs. total number of alates = 0.183

Table I11.-  Frequency of swarming and number of alates of H. indicola (Wasmann) at different times during study period of
2003-2004 (based on data of two years).
. . . No. of alates Total number of alates
Sr.No. Time of swarming (P.M.)  Swarming frequency 2003 2004
1. 6:30-7:00 - - - -
2. 7:00-7:30 1 62 - 62
3. 7:30-8:00 2 575 405 980
4, 8:00-8:30 6 1199 457 1656
5. 8:30-9:00 5 1085 397 1369
6. 9:00-9:30 3 901 418 1319
7. 9:30-10:00 - - - -
8. 10:00-10:30 - - - -
9. 10:30-11:00 - - - -
Total 3822 1677 5499

alates and daily rainfall were non significant (r =
0.183; d.f. = 10; P<0.05). The data shows that
higher relative humidity and high temperature
favour swarming of H. indicola.

Frequency of swarms at different times
during the swarming season of 2003-2004 is given
in Table 111. H. indicola swarms between 7:00-9:30
PM. Maximum frequency (6) of swarms were

observed between 8:00-8:30 PM and a total of 1656
alates of H. indicola were collected during this time
(Table HI). Five swarms of H. indicola were
observed from 8:30-9:00 PM and a total of 1369
alates were collected. Only 3 swarms of H. indicola
were observed from 9:00-9:30 PM and a total of
1319 alates were collected. Relationship between
flight times of H. indicola and sunset time in Lahore
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(Pakistan) is shown in Figure 4. Majority of swarms
of H. indicola were observed just after sunset and no
swarming was observed before sunset. Swarming of
H. indicola continued up to 9:30 PM and no
swarming of this species was witnessed after 9:30
PM to 11:00 PM.
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Fig. 3: Number of alates of H. indicola
(Wasmann) in relation to rainfall, atmospheric
temperature and relative humidity during 2004.

Sex ratio

Present studies with H. indicola revealed that
sex ratio of the collected alate population was 5:1
(Male: Female) indicating dominance of males over
females.

DISCUSSION

Dispersal is the primary purpose for
swarming (Raina et al., 2003). Swarming is
probably controlled by endogenous biological
clocks, along with the intrinsic mechanisms (colony
regulating) and extrinsic factors (temperature,
humidity and rainfall) (Ferraz and Cancello, 2001).
Flight is essentially seasonal phenomenon. Medeiros
et al. (1999) reported termite swarming in the
Atlantic rain forest of Northeastern Brazil during

November to July, with a high incidence at the
beginning of the rainy season, March through May.
Ferraz and Cancello (2001) investigated some
aspects of swarming behaviour of Coptotermes
havilandi in Brazil during 1997. They reported peak
swarming of C. havilandi from August to October
(end of winter and beginning of spring). It was also
reported about sporadic smaller swarming almost all
the year. A clear lapse in flight behaviour occurred
only in May/June (autumn). Kumar and Sen-Serma
(1987) reported swarming of Odontotermes distans
from last week of February to last week of March in
India.
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Fig. 4. Relationship between observed
times of flight of H. indicola (Wasmann) and
sunset times in Lahore (Pakistan) during study
period of 2003 (top) and 2004 (bottom).

Weesner (1965) has noticed the flights of
Reticulitermes tabialis from late winter to spring
and again in fall. Noirot (1961) reported that in the
tropics, where seasons are not sharply divided by
temperature, the flights of many termites are
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variously scheduled about a single rainy season. In
regions with definite, cold winters and evenly
distributed rainfall, alates production and flight of
the entire fauna are restricted to the warmer summer
months (Grasse, 1949; Noirot, 1961). Raina et al.
(2003) reported that the swarming of alates of
Coptotermes formosanus Shiraki, occurs around
dusk during April to June in Louisiana and
adjoining states. Martius (2001) reported that alate
swarming occurs throughout the year and is
probably related with rainfall. Ravan and Akhtar
(1996) reported that the swarming of termites in Iran
was witnessed from March to May, much earlier
than that of Pakistan. Rebello and Martius (1994)
analyzed the flight patterns of alates of termites in
central Amazonia and reported frequency of
swarming showed peaks at the beginning and the
end of the rainy season (September/October to
Decmber and April/May to June). However, in the
middle of rainy season frequency was lowest. It was
also recorded that frequency of swarming was low
during the months when the forest was flooded
(April to August). Martius (2003) reported that
swarming was non linearly dependent on
intermediate daily rainfall. In Pakistan, flights of
termites are associated with summer rains. Ahmad
et al. (1979) reported that whenever it rained
moderately the swarming of Bifiditermes beesoni
occurred on several consecutive days. Akhtar and
Amanullah (1989) reported that swarming of
Coptotermes heimi, Microtermes obesi,
Microcerotermes  unicolor and  Eremotermes
paradoxalis started after second rainfall of the
season, which created a suitable combination of
relative humidity and atmospheric temperature.
Akhtar and Shahid (1990) have recorded 79 flights
of seven species of termites. They reported that
during 1985, the locality received abnormally high
rainfall and swarming was initiated after fourth rain
of the season.

Present studies on swarming behavior of H.
indicola revealed that swarming was confined to
summer months (July and August). It was recorded
that swarming took place after two sporadic rains of
light intensity with the gap of two days of the season
of 2003 and after two consecutive rainfalls during
2004. The number of swarming individuals during
2003 was higher than that of 2004. This was most

probably because of more rains during 2003 as
compare to 2004. The temperature and humidity
conditions ranged from 32.4°C to 37.1°C and 50%
to 100% during 2003, however, during 2004,
temperature and humidity ranged from 29.3°C to
38°C and 32% to 100%. The temperature factor
plays an important role in promoting reproductive
isolation in different closely related species of
termites. Many observers have recorded the range of
temperature during flight of a particular species. Shi
et al. (1987) recorded swarming of O. hainanensis
from mid May to early June when daily mean
temperature was 24.0°C to 26.8°C and relative
humidity between 90.0 to 97.0%.

Akhtar and Shahid (1990) recorded swarming
of different species between 25.5°C and 38°C
atmospheric  temperature, but the maximum
swarming was observed from 25.5°C to 30.0°C.
They have recorded that O. lokanandi swarms at
atmospheric temperature of 25.5°C, which was
lowest recorded temperature during the swarming
season. Afzal (1981) stated that time of emergence
of B. beesoni in field colonies was different from
that of Laboratory colonies. He stated that in field
colonies emergence always initiated after sunset,
whereas in laboratory colonies emergence began
several minutes before sunset.

Studies on Heterotermes indicola revealed
that the swarming of alates of H. indicola starts at
7:10 PM just after sunset and continued up to 9:20
PM under suitable environmental condition. Raina
et al. (2003) reported that swarming of alates of C.
formosanus started around 8:00 PM and although
most of the activity was over within one hour, some
minor activity could be noticed almost until
midnight. Ferraz and Cancello (2001) reported that
the flight period preferred by C. havilandi in Brazil
was around sunset. Alates show positive phototaxis
and generally fly to the nearest source of light
(Raina et al., 2003). The alates after flight around
the nearest light source for several minutes land on
the ground and lose their wings. Nutting (1969)
suggested that the production of alates in most
termites is controlled by pheromones and nutrients.
Colony age, which is a measure of its size or
maturity, appears to be fundamental determinant in
alate production.
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Roonwal (1960) recorded 18-43.3% of alates
in colony of O. obesus. Gay and Greaves (1940)
recorded over 6,600 alates from a mound of C.
lacteus (Froggatt) that contained, one million
termites. Sands (1965) estimated that 950 alates
were produced from a mound of T. ebenerianus
Sjostedt. Rebello and Martius (1994) recorded 2476
alates in Varzea and 8294 alates in Terra frime
(Central Amazonia). Present studies carried out
during 2003/2004, a total of 5499 alates of H.
indicola were collected from a total of 27 swarming
days.

As regards sex ratio, Henderson (1996)
reported sex ratio of 50% males and 50% females of
Formosan subterranean termite for most nights in
New Orleans, USA. Ferraz and Cancello (2001)
reported that sex ratio of alates of C. havilandi was
close to 50:50 in Brazil. Mederios et al. (1999)
reported over all sex ratio of the collected alate
population of alates of twenty four morpho-species
of the families Kalotermitidae, Rhinotermitidae and
Termitidae was 1:1. Su and Scheffrahn (1987)
reported overall sex ratio of the collected alate
population of C. formosanus was 1:3 (F:M).

Henderson and Delaplane (1994) stated that
sex ratio of light trapped alates varies over time but
is generally female-biased, especially at the height
of the flight season. Present studies with H. indicola
also shows females dominated at the height of the
flight season. Ravan and Akhtar (1999) reported that
in case of Postelectrotermes vagans (Hagen), the
sex ratio was 2:1 (M:F). For Anacanthotermes
vagans (Hagen) the sex ratio was 2:1 (M:F) and for
Microcerotermes diversus (Silvestri) it was 3:1
(M:F).

Present studies with H. indicola revealed that
sex ratio of the collected alate population was 5:1
(M:F) indicating dominance of males.
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