


116 Shelton, Hu, Appel, and Wagner 

(Kofoid, 1934; Thorne, 1996). This flight, eventual landing, tandem 
behavior, nuptial chamber construction, mating, and oviposition are all 
well-documented events in colony formation via alates (Kofoid, 1934; 
Nutting, 1969, 1979; Leong et al., 1983). Some authors have claimed that 
neotenics (a non-alate supplemental reproductive form) are the most 
commonly found reproductive individuals in colonies of certain Retic- 
ulitermes Holmgren spp. (Lain6 and Wright, 2003). However, this is likely 
the response of introduced species outside their native habitats. Vieau 
(2001) notes the low occurrence of swarming in colonies of R. santonensis 
Feytaud, which commonly uses budding in France. This particular species 
is suspected of synonymy with R. flavipes (Kollar), and may have resulted 
from an introduction into Europe (Jenkins et al., 2001). There are other 
means of colony initiation in Reticulitermes spp. such as budding when 
supplemental reproductives are produced which fragments a colony 
(Nutting, 1969; Thorne, 1983, 1984; Atkinson and Adams, 1997; Thorne 
et al., 1999; Husseneder and Grace, 2001a,b). Grace (1996) suggests that 
northern colonies of R. Jlavipes may resort to budding type expansion to 
a greater extent than termites found at the southern end of their range. 
Regardless of alternate modes of colony formation, swarming of R. flavipes 
in spring is a common event in its native habitat, the southeastern United 
States. 

The role of flight in termite alate swarms is of ecological importance 
in terms of distribution patterns and dispersal capabilities. Flight behavior 
may vary among species or even indicate a sign of nascent speciation 
(Nutting, 1979; Haverty et al., 2003). Understanding the phenology, phys- 
iology, and behavior of termite alate flights provides an insight into the 
dispersal capabilities of the species as well as demonstrates possible niches 
that may be exploited by individual groups among native subterranean 
species (Reticulitermes spp.; Haverty et al., 2003). In addition to the natural 
means of colony expansion listed above, termites are often moved into new 
areas by alternate means. The most significant of these is the movement 
of infested materials by man (Kofoid, 1934). This is most important for 
the movement of invasive termite species; however, it is not generally a 
concern with the movement of native species within their native habitat, the 
forest. 

This paper describes the results of several studies using the Eastern 
subterranean termite, Reticulitermesflavipes, a native termite to the south- 
eastern United States as a model for termite alate flight. These studies 
were designed to answer several questions: Does flight speed and duration 
vary with gender, mass, or colony origin? To what extent does fatigue in- 
fluence flight speed, and can alates of R. Jlavipes fly intermittently in the 
laboratory? 
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Fig. 1. Modified simple flight mill used in 2004 study. Flight mill used for 
the 2002 study did not have the light sensor apparatus, but was otherwise 
identical. 

Statistical Analysis 

Flight speed data for bouts in this experiment were analyzed indepen- 
dently from the 2004 data. Flight speed data in cm s-I were subjected to 
a mixed procedure using alate gender and colony (and their interaction) 
as fixed effects, and considering the bouts as repeated measures (SAS Insti- 
tute, 2001). Bout number was then used in estimates of the effect of flight fa- 
tigue on R. flovipes alates by linear regression. To counter the effects of un- 
equal variance in this regression, the variance for each bout number was fit 
using simple linear regression (SAS Institute, 2001). The regression model 
relating flight speed to bout number was then weighted by the inverse of 
the predicted variance from the first model (Montgomery and Peck, 1982). 
Flight speeds for individual bouts were regressed on bout number to esti- 
mate the influence of fatigue on alate flight speed. 

2004 Study 

Prior to use on the flight mill, each alate was placed into a single 
microcentrifuge tube (Fisherbrand, Fisher Scientific, Fair Lawn, NJ) and 
weighed to the nearest 0.01 mg using a digital balance (model AX205 Delta 
Range, Mettler-Toledo GmbH, Greifensee, Switzerland). In addition to the 





120 Shelton, Hu, Appel, and Wagner 

deceleration for each alate were regressed separately against time (Minitab, 
Inc., 2003). 

RESULTS 

2002 Study 

Mean ( f  SEM) flight speeds separated by gender and colony are pre- 
sented in Fig. 2. Male alate flight speeds of individual bouts ranged from 
3.14 cm s-' (colony A alate) to 69.12 cm s-' (colony A alate). Flight speeds 
of individual bouts for female alates ranged from 4.32 cm s-' (colony B 
alate) to 69.12 cm s-' (colony C alate). During this study, the maximum 
distance flown by a male alate was 265.4 m, and 458.3 m by a female 
alate. There was no significant influence of gender (df = 1, 15; F= 0.76; 
P = 0.3976), colony origin (df = 2,15; F = 2.40; P = 0.1244), or their interac- 
tion (df = 2,15; F = 0.35; P = 0.7093) on flight speed. 

Fatigue, as measured by bout number, had a significant effect on the 
flight speed of R. flavipes alates (df = 1, 283; F=20.63; P < 0.0001; ? = 
0.054) as illustrated in Fig. 3. The equation relating flight speed to bout is 

Flight speed (cms-l) = 25.5 ( f  1.48) - 0.19 ( f  0.04) x bout (2) 

0 
A B C 

Colony 

Fig. 2. Mean flight speed of male and female alates 
from each of three colonies. Flight speeds were not 
significantly influenced by either colony or gender, 
2002 data. 
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Fig. 4. Influence of age since collection on alate mass, 2004 data. 

Linear regressions of the various sections of instantaneous flight speed 
data were divided into those that had a significant linear relationship with 
time, and then into those that were either positively (speeds increase) or 
negatively (speeds decrease) associated with time (Fig. 5). For all sections, 
only ten recordings were usable, from nine males and the single female. Of 
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Fig. 5. Instantaneous flight speed in a male R. 
flavipes alate, 2004 data. Acceleration, cruising, 
and deceleration sections indicated by arrows. 





Table II. Linear Regression Models Describing Various Sections of R. flavipes Alate Flight 

Alate Acceleration model Cruising model Deceleration model 

d 1 FS = 7.88 ( f  0.17) + 5.12 (f1.46) x T FS = 9.07 ( f  0.06) - 0.91 (f0.02) x T FS = 3.26 ( f  0.07) - 10.7 ( f  0.35) x T 
8 2 FS = 7.69 ( f  0.06) + 3.55 (f 0.15) x T FS = 9.55 ( f  0.04) - 0.39 (f0.02) x T FS = 7.97 ( f  0.11) - 2.04 ( f  0.07) x T 
d 3 FS = 10.2 (f 0.13) + 26.1 ( f  1.07) x T FS = 14.2 ( f  0.06) - 1.02 (fO.O1) x T FS = 5.97 ( f  0.10) - 15.4 ( f  0.40) x T 
8 4  FS = 4.78 (10.07) + 17.1 ( f  0.40) x T FS = 10.2 ( f  0.13) + 1.27 (f0.37) x T FS = 8.11 ( f  0.30) - 13.7 ( f  0.71) x T 
d 5 FS = 2.81 (60.06) + 7.45 (f 0.41) x T FS = 4.45 ( f  0.07) + 0.96 (f0.39) x T FS = 4.21 (f 0.06) - 11.2 (f0.25) x T 
8 6 FS = 11.8 (10.16) + 5.52 ( f  1.38) x T Not significant FS = 11.1 ( f  0.33) - 18.8 (f0.83) x T 
d 7 FS = 0.17 ( 1  0.19) + 1.91 ( f  0.18) x T Not significant FS = 2.85 ( f  0.08) - 4.17 (50.21) x T 
d 8 FS = 5.65 (f 0.16) + 10.3 ( f  0.80) x T FS = 8.13 ( f  0.06) - 0.02 (f0.02) x T FS = 7.81 ( f  0.20) - 17.1 (f0.76) x T 
d 9 FS = 10.8 (10.08) + 1.58 ( f  0.11) x T FS = 13.9 (f 0.09) - 0.52 (f0.04) x T FS = 11.1 ( f  0.04) - 3.77 ( f  0.02) x T 
0 1 Not significant FS = 7.06 ( f  0.07) - 0.70 (f0.03) x T FS = 4.60 ( f  0.07) - 11.0 (f0.27) x T 

5 

Note. In the models, flight speed (FS) is in cm s-l, and time (T) is in s. 2 
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surprising, even when assuming that an increase in mass necessarily equates 
to an increase in flight muscle mass. However, variability in lipid content 
and total body water do occur among individual R. flavipes alates (Shelton 
and Appel, 2001a). While an increase in body mass could certainly repre- 
sent an increase in flight muscle mass, body mass also includes lipid con- 
tent, water content, non-flight musculature, and other variables such as the 
amount of food being digested. Variation in any of these latter variables 
would constitute a mass difference that does not relate to flight muscle mass 
in any way (although both are required for flight muscle metabolism), thus 
the assumption above is incorrect. 

The instantaneous flight speed measurements provided interesting in- 
formation on the flight behavior of these termites. Much of the results were 
intuitive given the nature of the data. In general, acceleration sections of 
flight speed increased over time, while deceleration sections decreased over 
time (Table I). The single female alate flight recording suggests that there 
may be some differences among the sexes in acceleration models (Tables I 
and 11), but the single female replicate makes this information anecdotal. 
The most interesting observation is that R. flavipes alates do not maintain a 
constant cruising speed. In most cases these cruising sections of flight speed 
decreased over time (Table I), indicating a constant slowing of flight by the 
alates prior to a sharp decline (Fig. 5).  Perhaps this is evidence that termite 
alates require another cue for releasing further flight, perhaps wind speed, 
or temperature variation (note that temperature in these studies was kept 
constant), or perhaps even a chemical cue indicating the presence of other 
alates nearby. Wind speed seems a likely candidate considering the capacity 
for restarting flight indicated in the 2002 study. 

The studies presented in this paper have provided basic information 
regarding termite alate flight in the Eastern subterranean termite. While 
these data were produced under laboratory conditions, they are appropri- 
ate estimates given that the environmental conditions under which Retic- 
ulitermes spp. alates are reported to fly (calm wind, warm, bright midday 
conditions) (Kofoid, 1934; Nutting, 1969) were matched in the laboratory 
(no wind, -26.7"C, 353 lux). Further studies of flight in this species will 
build upon the data presented here toward a goal of modeling the flight 
capabilities of this species under natural conditions. 
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