
Author accepted version. Final version is available https://doi.org/10.1111/een.13209 

Light alters activity but do not disturb tandem coordination of termite mating pairs 1 
Running title: Visual cue for termite tandem 2 

 3 
Nobuaki Mizumoto*, Thomas Bourguignon 4 
 5 
Okinawa Institute of Science & Technology Graduate University, Onna-son, Okinawa, 904-0495, Japan 6 
*. Correspondence: Nobuaki Mizumoto; nobuaki.mzmt@gmail.com 7 
 8 
ORCID: N.M.: 0000-0002-6731-8684; T.B.: 0000-0002-4035-8977 9 
 10 

Abstract 11 
Group-living animals coordinate their movements via local interactions, which can be mediated by visual, tactile, 12 
and chemical communication channels. Termite mating pairs form tandems with one male following one female 13 
in a synchronized way to explore the environment and search for a nesting site. Imagoes are the only 14 
developmental stage with compounds eyes in termites, but the role of vision during tandem run remains unknown. 15 
Here, we investigate the movements during tandem runs of two termite species, Coptotermes formosanus, which 16 
swarms during the night, and Reticulitermes speratus, which swarms during the day. We performed the experiments 17 
with light and in complete darkness. We found that females and males of both species adjust their speed to each 18 
other to form a stable tandem and reunite efficiently upon separation, with or without light. However, the activity 19 
was dependent on illuminated conditions in the diurnal R. speratus, where termites were more active with light. 20 
On the other hand, the nocturnal C. formosanus was mostly insensitive to light environments, with termites being 21 
slightly more active in darkness. Our results suggest that termites can use light as an environmental cue to start 22 
forming mating pairs but not as means to locate mates or coordinate their movements. 23 
 24 
Keywords: circadian rhythm, mate search, phototaxis, social insects, tandem run  25 
 26 

Introduction 27 
Groups of animals coordinate their movements through social interactions (Camazine et al., 2001; Couzin 28 

& Krause, 2003). Social interactions are mediated by a variety of communication channels. Vision plays an 29 
essential role in the coordination of movements in groups composed of individuals changing their relative 30 
positions dynamically and interacting with multiple individuals remotely (Kowalko et al., 2013), such as fish 31 
schools and bird flocks (Ballerini et al., 2008; Collignon et al., 2016; Bastien & Romanczuk, 2020). On the other 32 
hand, many insects or invertebrates coordinate their motion by moving in files, such as procession observed in 33 
caterpillar, sawfly larvae, or lobster (Weinstein & Maelzer, 1997; Fitzgerald, 2003; Radwański et al., 2009), and 34 
tandem running behavior in ants ant termites (Nutting, 1969; Moglich et al., 1974). When groups of animals move 35 
in files, individuals primarily interact with the few individuals directly in front or behind them. In such groups, 36 
interindividual interactions are usually mediated by chemical and tactile communication cues, not by visual cues. 37 
However, the potential role played by visual cues to form files has rarely been investigated. 38 

Mating tandem pairs formed by termite alate imagoes before colony foundation are simple cases of files. 39 
They form after swarming events, as females and males walk around, searching for a mating partner. Upon 40 
encountering an individual of the opposite sex, females and males engage in a tandem run, with one following the 41 
other (Nutting, 1969). This tandem running behavior can be observed in 64 species among 72 species of termites 42 
with records, and leader-follower role is fixed in Neoisoptera with female being leader and male being follower 43 
(Mizumoto et al., 2022). During tandem runs, interactions are one-directional: females decide the speed and course 44 
of movements and males follow (Valentini et al., 2020). When mating pairs get separated, females pause while 45 
males walk around, facilitating reunion (Mizumoto & Dobata, 2019; Mizumoto et al., 2020). The communication 46 
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between females and males is mainly mediated by chemical and tactile cues (Nutting, 1969). The leading females 47 
release short-range sex pheromones to guide males (Bordereau & Pasteels, 2011; Sillam-Dussès, 2011), while 48 
males touch female abdomens with their antennae and mouthparts, confirming their continued presence (Nutting, 49 
1969; Raina et al., 2003). Alate imagoes are the only termite caste endowed with compound eyes (Chang et al., 50 
2005; Maekawa et al., 2008); however, the role of vision during mating pair formation and coordination remains 51 
unclear. 52 

Vision can be used by mating termites in different ways. First, termites may use vision to determine partners’ 53 
location, and males may use vision to track the motion of females and keep them in sight during tandem runs. We 54 
reason that if vision is used by mating pairs, complete darkness should hinder tandem formation or reunion upon 55 
separation. Second, termites may also use vision as a cue to initiate swarming and form mating pairs, which they 56 
are known to perform at a specific time of the day (Nutting, 1969). In this case, the unusual light intensity would 57 
result in lower rates of mating pair formation (Mizumoto et al., 2017), without necessarily affecting the 58 
coordination of mating pairs.  59 

In this study, we tested these hypotheses by examining the effect of illuminated conditions on the 60 
movement patterns of alate imagoes in two species of subterranean termites, Coptotermes formosanus (Shiraki) and 61 
Reticulitermes speratus (Kolbe). The former initiates swarming events and forms mating pairs after sunset and thus 62 
under dark or dim light conditions (Sugio, 2019). In this case, vision would not be used for pair coordination, but 63 
light may disrupt communication and interactions between mating pairs, as observed in the case of light pollution 64 
by artificial light at night (Owens et al., 2020). On the other hand, the latter swarms and form mating pairs around 65 
noon on the sunny day and thus under the daylight (Takematsu, 1999) (Fig. 1). Thus, termites may use vision for 66 
tandem pairing, with dark conditions hindering communications.  67 

 68 

 69 
Figure 1. Experimental scheme. We used two species, Coptotermes formosanus, which performs pairing 70 
during night time (~2 hours after sunset), and Reticulitermes speratus, which performs pairing during 71 
daytime (around noon). We observed their movements in a Petri-dish arena (90 mm diameter) in the 72 
dark (IR LED) and with light.  73 

 74 



Material and Methods 75 

Termites  76 
We used two termite species, C. formosanus and R. speratus, the former swarms during night and the latter 77 

swarms during day. Alates of C. formosanus has larger eyes than R. speratus (compound eye diameter: ~0.4 mm in 78 
C. formosanus (Chang et al., 2005), ~0.2 mm in R. speratus (Takematsu, 1999); number of ommatidia: 300-400 in C. 79 
formosanus (Chang et al., 2005), 110 in R. speratus (Maekawa et al., 2008)). This is consistent with the pattern 80 
observed in many other insect species (Land, 1997), including alates of ants, where night-flying species has larger 81 
eyes compared with day-flying species (Moser et al., 2004). Note that C. formosanus has larger body size than R. 82 
speratus (body length: ~10 mm for C. formosanus and ~7 mm for R. speratus), and thus further comparative studies 83 
will be required to test if C. formosanus has larger eye size relative to their body size than R. speratus. Both species 84 
are known to respond to the light. Alates of C. formosanus strongly respond to the light with wavelength of 350-85 
400 nm (Ohmura et al., 2014), and they show a strong positive phototaxis behavior (Ohmura et al., 2014). In R. 86 
speratus, there is no data on alates, but workers, which are usually less sensitive than alates, respond to the light 87 
with wavelength of < 550 nm.  88 

We collected alates of C. formosanus using light traps during dispersal flight in Okinawa, Japan, in May 2021. 89 
Because C. formosanus shows synchronized flight among colonies within the same area, it is presumed that alates 90 
were originated from multiple colonies. Alate sampling was performed over a period of six days.  91 

We collected wood pieces containing seven colony fragments of R. speratus in Kagoshima (RA-RB), Miyazaki 92 
(RC-RD), and Fukui (RE-RG) prefectures, Japan. Sampling was performed in March 2021, one month before the 93 
swarming season. At the time of sampling, the colony fragments contained numerous large nymphs, which 94 
undertook imaginal molts in the lab. Colony fragments were kept in the lab at 22℃ until alate imagoes ready to 95 
swarm emerged. They were then moved to a 27℃ incubator to induce swarming. Alates coming out of the nests 96 
were sampled for experiments. 97 
 98 

Experimental setup 99 
For both species, alates were separated individually more than 30 minutes before the experiments. We used 100 

individuals that shed their wings on their own as tandem running behavior happens after termites shed their wings. 101 
All experiments were performed between 12:00 – 24:00 in R. speratus and 21:00 – 2:00 in C. formosanus within the 102 
12 hours following swarming events. Note that the time of the day could be different from natural swarming events 103 
in R. speratus for some observations. However, we kept colonies under dark conditions for ~ 1 month before the 104 
experiments. In this condition, previous studies showed that alates of Reticulitermes termites show circadian 105 
rhythm by taking swarming as a starting point (Mizumoto et al., 2017). Individuals within the colony do not show 106 
endogenous activity rhythm (Fuchikawa et al., 2012).  107 

To investigate the role of vision in termite movement coordination, we observed the movements of termite 108 
tandem runs and single female and male individuals under artificial light and in the dark. Experimental arenas 109 
consisted of a petri dish (φ = 90 mm) covered with a layer of moistened plaster that was polished before each trial 110 
(Fig. 1). Arenas were placed in an acrylic cube box (200 mm) on which a Raspberry Pi Camera Module was mounted. 111 
The camera modules were connected to the Raspberry Pi 4 Computer Model B. Videos were recorded using RPi-112 
Cam-Web-Interface (https://elinux.org/RPi-Cam-Web-Interface) at 25 frames per second for 30 minutes. We 113 
extracted the coordinates of moving termites from each video using the video-tracking system UMATracker 114 
(Yamanaka & Takeuchi, 2018). A white LED light (440 lm) was mounted next to the camera module, resulting in 115 
~1,000 lux for the experiments performed under artificial light conditions (corresponding to the daylight 116 
condition). As termites respond to light with >0.6 lux, our light condition was strong enough for termites to 117 
respond (Ohmura et al., 2014). For the experiments performed in darkness conditions, termites were observed 118 
under infrared light. For C. formosanus, we observed 25 and 26 tandem pairs in the dark and with light, respectively. 119 
For R. speratus, we observed 30 tandem pairs in each illuminated condition (5 for col RA and RC-RF, 7 for RB, and 120 
3 for RG). In R. speratus, pairing females and males were from the same original colony. Note that there is no 121 
nestmate preference or avoidance in tandem running behavior of R. speratus (Mizumoto et al., 2022). We also 122 
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observed single individuals, to confirm how the light environments affect the movement activity of termites. For 123 
C. formosanus, we observed 25 females and 26 males in the dark and 26 females and 25 males under artificial light. 124 
And for R. speratus, we observed 34 females (5 for col RA and RC-RF, 6 for RB, and 3 for RG) and 33 males (5 for col 125 
RA -RF and 3 for RG) in the dark and 35 females and 35 males (5 for col RA and RC-RF, 7 for RB and 3 for RG) under 126 
artificial light. Individuals were introduced to the arena by dropping them from above the arena. In tandem 127 
experiments, we introduced both females and males at the same time. Each individual was used only once. All 128 
observations were performed in incubators maintained at 27℃.  129 
 130 

Analyses of termite tandem coordination 131 
All data analyses were performed using R v4.0.2 (R Core Team, 2020). We examined the movement 132 

coordination during tandem runs. Each termite individual was considered in one of three states: (a) tandem 133 
running, (b) interacting with nestmates in ways other than tandem running, and (c) searching (Mizumoto & Dobata, 134 
2019; Mizumoto et al., 2020, 2021). We automatically classified the state of each termite individual based on a time 135 
sequence. We defined female and male individuals as interacting (or tandem running) when the distance between 136 
their centroids was smaller than 7 mm for R. speratus and smaller than 10 mm for C. formosanus. This distance 137 
slightly exceeds termite body length with antennae, thence slightly exceeds the distance between a female and a 138 
male performing tandem run, during which both individuals have physical contact (Mizumoto & Dobata, 2019). 139 
An interacting pair was considered to be performing a tandem run when the interaction lasted for more than 10 140 
seconds and both individuals moved more than 50 mm while interacting. The absence of contact between tandem 141 
run partners for less than 3 seconds was not regarded as a separation event unless the distance between individuals 142 
was >14 mm or 20 mm for R. speratus and C. formosanus, respectively (Mizumoto et al., 2020). Following separation, 143 
we considered individuals engaged in searching until they interacted again. 144 

Based on the criteria described above, we measured the duration of tandem runs and the time required for a 145 
female and a male to re-encounter upon separation. We compared tandem duration and separation duration 146 
between experiments performed in the dark and under artificial light, for each species separately. We carried out 147 
a mixed-effects Cox model using the coxme() function implemented in the coxme package (Therneau, 2015), with 148 
illuminated condition as a fixed effect and source colony (R. speratus) or sampling date (C. formosanus) as a random 149 
effect within which video ID was nested. A likelihood ratio test was carried out to determine the statistical 150 
significance of the explanatory variable (type II test). Observations interrupted as the end of the video was reached 151 
were included by treating them as right-censored data. 152 

During tandem runs, the leader and the follower adjust their speeds to coordinate their motion (Franks & 153 
Richardson, 2006; Valentini et al., 2020). We investigated whether illuminated conditions influence this speed 154 
regulation for tandem maintenance. We examined the relationship between acceleration and inter-individual 155 
distances, in the dark and under artificial light, using a linear mixed effect model (LMM), with inter-individual 156 
distances as fixed effect and source as random effects within which video id was nested. Furthermore, females 157 
pause while males move upon separation, facilitating reunion (Mizumoto & Dobata, 2019; Mizumoto et al., 2020). 158 
We compared the mean speed during each tandem and separation event using LMM with tandem-separation 159 
schemes as fixed effect and source colony as random effects within which video id was nested. All analyses were 160 
performed for each sex and illuminated condition separately. 161 
 162 

Comparisons of movement patterns 163 
We examined how illuminated conditions affect termite movement patterns during tandem runs and random 164 
searches without partners. Animal movement patterns can be described by speed, sinuosity, and pausing patterns 165 
(Bartumeus & Levin, 2008). Thus, we measured moving speed, pausing duration, and trajectory sinuosity for each 166 
individual. We compared the distance of individuals in two successive frames taken at 0.2 second intervals and 167 
found that it followed a bimodal distribution, with two peaks around 0 and 3.5 mm for R. speratus, and 0 and 4.7 168 
mm for C. formosanus. The two peaks represent individuals pausing and moving, respectively. We set a threshold 169 
for moving and pausing individuals as the value representing the second peak multiplied by 0.2 (3.5 mm × 0.2 = 170 



0.70 mm for R. speratus; 4.7 mm × 0.2 = 0.94 mm for C. formosanus (Mizumoto & Dobata, 2019)). When the distance 171 
of one individual in two successive frames was smaller or equal to the threshold value, the individual was 172 
considered to be pausing. On the contrary, when the distance was larger than the threshold value, the individual 173 
was considered in movement. We used the mean value of instantaneous speed during motion as a measure of speed. 174 
The use of other speed measures, including mean and median of all displacements and median during motion, did 175 
not change our results. For pausing duration, we calculated the proportion of displacements defined as pauses 176 
among all displacements. The sinuosity of the trajectory was measured as the variance of the turn angles calculated 177 
as the magnitude of changes in the direction of motion between two successive frames. 178 

We compared three parameters of movement patterns (speed, pause duration, and sinuosity) between 179 
illuminated conditions and searching units (females, males, and tandem runs). For tandem runs, we used female 180 
motion as a representative. We performed LMM treating illuminated conditions and searching units as fixed effects 181 
and source colony (R. speratus) or collected date (C. formosanus) as random effects. Note that we did not include 182 
interaction between illuminated conditions and searching units in our final analysis as it was not significant. The 183 
likelihood ratio test was used to determine the statistical significance of the explanatory variable (type II test). 184 
Note that some variables did not always follow normal distributions, but LMM is robust against violations of 185 
distribution assumptions (Schielzeth et al., 2020). 186 

 187 

Ethical Note 188 
No permits or licenses were required for this study. We followed OIST Animal Experimental Regulations and the 189 
ASAB/ABS Guidelines for the treatment of animals in behavioral research and teaching. Only flying alates were 190 
collected in Coptotermes formosanus. We needed to collect nesting logs for Reticulitermes speratus as it is difficult 191 
to locate the natural swarming. However, these sub nests did not contain reproductive, and the rest of the colony 192 
was used for another experiment or maintained in the lab. Termites were tagged with a dot of paint on the abdomen 193 
during observation. These tags did not alter their behavior, as a previous study showed that termites could 194 
normally survive > 2 years with tags (Mizumoto et al., 2016). 195 
 196 

Results 197 
There was no significant difference in the proportion of pairs forming tandem runs with and without light 198 

(Fisher’s exact test, P > 0.05; C. formosanus: 23/25 without light and 25/26 with light; R. speratus: 28/32 without 199 
light and 32/32 with light). The duration of tandem runs did not differ under light and darkness conditions in both 200 
species (mixed-effects Cox model; C. formosanus: χ2

1 = 0.182, P = 0.670; R. speratus: χ2
1 = 1.220, P = 0.269; Figure 201 

2A-B). During tandem runs, females and males coordinated by adjusting their speed regardless of the illuminated 202 
conditions (Fig. 2C-F). When the distance between females and males increased, the leading females slowed down 203 
while the following males accelerated, catching up with the females (LMM; χ2

1 > 4,500, P < 0.001 for all, estimate 204 
slope < 0 for females, > 0 for males; Fig. 2C-F). 205 

 206 



 207 
Figure 2. Movement coordination by termite tandem pairs in C. formosanus (left: A, C, E) and R. 208 
speratus (right: B, D, F). (A-B) Comparison of the duration of tandem running until separation under 209 
light and dark conditions. Kaplan-Meier survival curves were generated for each treatment, and Y-axis 210 
is the probability of tandem run (1 indicates all pairs are engaging in tandems, and 0 indicates all pairs 211 
are separated). There were no significant differences between the two illuminated conditions (mixed 212 
effect Cox model, P > 0.05). The symbol “+” indicates the end of observations. The shaded regions show 213 
95% confidence intervals. (C-F) Acceleration by females and males during tandem run in response to 214 
their distances in the pairs under dark (C-D) and light (E-F) conditions. Plots show 5,000 randomly 215 
sampled data points. Lines indicate linear regressions. The number next to the regression lines are 216 
estimated slopes.  217 

 218 
The time required for pairs to re-establish contact upon separation was similar under light and darkness 219 

conditions (mixed-effects Cox model; C. formosanus: χ2
1 = 1.927, P = 0.165; R. speratus: χ2

1 = 1.854, P = 0.173; Figure 220 
3A-B). After separation of tandem runs, males of both species moved faster than females under both illuminated 221 
conditions (Fig. 3C-D). 222 

 223 



 224 
Figure 3. Reunion process after separation of tandem runs in C. formosanus (left: AC) and R. speratus 225 
(right: BD). (A-B) Comparison of the duration of searching until re-encounter after separation in the 226 
dark and under artificial light. Kaplan-Meier survival curves were generated for each treatment, and Y-227 
axis is the probability of separation (1 indicates all pairs are separated, and 0 indicates all pairs are 228 
reunited. We found no significant differences between illuminated conditions (mixed effect Cox model, 229 
P > 0.05). (C-D) Instantaneous speed of females and males during tandem runs and after separation. 230 
Error bars indicate 95% confidence intervals. 231 

 232 
The movements of the species mating during night, C. formosanus, was independent of illuminated condition 233 

(Speed: χ2
1 = 3.154, P = 0.076; Pause duration: χ2

1 = 3.611, P = 0.057; Fig. 4A, C), while R. speratus, the species with 234 
diurnal mating, moved more actively and faster under light condition (Speed: χ2

1 = 7.468, P = 0.006; Pause duration: 235 
Χ2

1 = 10.523, P = 0.001; Fig. 4B, D). In contrast, sinuosity was not affected by the illuminated condition in both 236 
species (C. formosanus: χ2

1 = 0.820, P = 0.365; R. speratus: χ2
1 = 0.999, P = 0.312; Fig. 4E-F). These parameters for 237 

movement pattern were variable among comparisons. In C. formosanus, males were more active and faster than 238 
females and tandem runs (Speed: χ2

2 = 10.910, P = 0.004, Pause duration: χ2
2 = 46.042, P < 0.001, Sinuosity: Χ2

2 = 239 
2.239, P = 0.327; Fig. 4A, C, E), while in R. speratus, tandem runs were more active than single male and female 240 
individuals, and males performed more sinuous motion (Speed: χ2

2 = 5.318, P = 0.070, Pause duration: χ2
2 = 22.473, 241 

P < 0.001, Sinuosity: χ2
2 = 6.585, P = 0.037; Fig. 4B, D, F). 242 

 243 



 244 
Figure. 4. Effect of illuminated conditions on termite movement patterns, moving speed (A-B), pausing 245 
duration (C-D), and sinuosity (E-F). Red points and error bars indicate mean ±95% confidence intervals. 246 
* indicates statistical significance (LMM to compare between illuminated conditions for each 247 
sex/species separately). 248 

 249 
 250 

Discussion 251 
The formation of tandem runs was independent of illuminated conditions in both studied termite species. 252 

During tandem runs, females and males coordinated their motion with each other by adjusting their speed without 253 
using any visual information (Fig. 2), indicating that, like for ant tandem runs (Franklin et al., 2011), following 254 
males do not visually track the motion of leading females. Following the breaks up of tandem formation, separated 255 
females and males could re-establish connection with each other under both dark and light conditions (Fig. 3). 256 
Thus, the dealates of the two species we studied engage in a blind search for a mating partner after separation, 257 
contradicting previous interpretations of another termite species reunion process (Sen-Sarma, 1962). Note that 258 
our study focused on communication at a closed distance, and further studies will be required to confirm if termites 259 
use visions to locate mating partners from a long distance. These results suggest that interindividual 260 
communication during movement coordination is mediated by tactile and chemical cues, not by visual cues. 261 

Termite activity is sensitive to illuminated conditions. Termites engaged in mate searching more intensively 262 
by moving longer and faster under the light environments that reflect the species’ natural situation. In R. speratus, 263 
swarming events occur during daytime (Takematsu, 1999), which is in line with our observations that individuals 264 
were more active under light conditions (Fig. 4B, D). In contrast, swarming events of C. formosanus take place after 265 
sunset, where individuals tend to be more (but not significantly) active in the dark (Fig. 4A, C). The activity pattern 266 

   

   

   

   

 

  

  

  

   

   

   

   

   

   

  
  
  
  

  
  
  
  
  

 

 

  

  

  

  

  

    

    

    

    

    

    

    

    

    

    

                                             

 
  

 
 
  
  

 
  

  
 
  

  
 
 
  

  
 
  
 
 
  
 
 
 
 
   

 
  
 
  

  

  

  

    
      

   

 

                                



of C. formosanus was not as clear as that of R. speratus, possibly because night is often under dim light rather than 267 
complete darkness (O’Carroll & Warrant, 2017), and C. formosanus may adapt to dim light environments rather 268 
than complete darkness. These results indicate that mate searching behavior can be affected by the surrounding 269 
light environments (Nutting, 1969; Mizumoto et al., 2017). Such decreased mating activity in abnormal light 270 
environments is also observed in other insects, such as fruit moths (Li et al., 2019) and olive flies (Kokkari et al., 271 
2017). Interestingly, despite decreased movement activity, tandem runs occurred normally under different light 272 
environments. Thus, once two individuals form a mating pair, they do not use visual cues anymore. 273 

The visual acuity of termite dealates may not be good enough to track the partner’s motion while tandem 274 
running. Termite imagoes are the only stage that possesses compound eyes. Although there is no anatomical data 275 
to estimate the acuity of termites, small insects often have low visual acuity and usually visually interact at short 276 
distances and on high contrast backgrounds (Land, 1997; Caves et al., 2018). Although tandems are maintained 277 
within a few millimeters, termites do not have conspicuous coloration in their body, which may hinder the use of 278 
visual cues for communications. Instead, the primary function of compound eyes is phototaxis, which has been 279 
widely observed in termite alates (Williams, 1959; Ferreira & Scheffrahn, 2011; Ohmura et al., 2014). Although 280 
eye-less workers also show phototactic behaviors (Cabrera & Rust, 1996; Park & Raina, 2005; Siderhurst et al., 281 
2006), developed compound eyes presumably improve sensitivity (Randel & Jékely, 2016). Thus, termites appear 282 
to use vision to orient themselves, which can be important information during flying dispersal or determining 283 
where to found a colony. 284 

In summary, for single file movement coordination, like tandem runs or processions, individuals do not rely 285 
on vision for interindividual interactions but for collecting global information. For example, ants do not use vision 286 
for leader-follower communications but potentially for navigation during tandem runs (Mcleman et al., 2002; 287 
Franklin et al., 2011; Bowens et al., 2013; Mukhopadhyay & Sumana, 2021). In social caterpillars, chemical and 288 
tactile stimuli are involved in forming processions, but the visual cue is important for group orientation (Fitzgerald, 289 
2003; Uemura et al., 2021). In addition, even blind animals form single file movements (Radwański et al., 2009; 290 
Vannier et al., 2019). Here we confirm that termites do not use visual information for pair movement coordination 291 
but for synchronizing pairing time window. Such evolutionary convergence of communication mechanisms for 292 
single file movements suggests that visual information is unsuitable for interindividual interactions in a closed 293 
distance; instead, the benefit of chemical and tactical cues is predominant.  294 
 295 
Data accessibility 296 
All data that support the findings of this study and source codes for analyzing them are available at Zenodo, DOI: 297 
10.5281/zenodo.7323333. 298 
 299 
Authors’ contributions 300 
Nobuaki Mizumoto: Conceptualization, Data Curation, Formal Analysis, Funding Acquisition, Investigation, 301 
Methodology, Resources, Validation, Visualization, Writing-Original Draft Preparation. Thomas Bourguignon: 302 
Project Administration, Supervision, Writing-Review & Editing. 303 
 304 
Competing interests 305 
The authors declare no competing interest. 306 
 307 
Acknowledgments 308 
We thank A. Bucek, S. Hellemans, K. Kikuchi, for the help to collect termites. This study is supported by a JSPS 309 
Research Fellowships for Young Scientists CPD (20J00660), and a Grant-in-Aid for Early-Career Scientists 310 
(21K15168). 311 
 312 
References 313 



Ballerini, M., Cabibbo, N., Candelier, R., Cavagna, A., Cisbani, E., Giardina, I., et al. (2008) Interaction ruling 314 
animal collective behavior depends on topological rather than metric distance: evidence from a field study. 315 
Proceedings of the National Academy of Sciences of the United States of America, 105, 1232–1237. 316 
Bartumeus, F. & Levin, S.A. (2008) Fractal reorientation clocks: Linking animal behavior to statistical patterns of 317 
search. Proceedings of the National Academy of Sciences of the United States of America, 105, 19072–19077. 318 
Bastien, R. & Romanczuk, P. (2020) A model of collective behavior based purely on vision. Science Advances, 6, 1–319 
10. 320 
Bordereau, C. & Pasteels, J.M. (2011) Pheromones and chemical ecology of dispersal and foraging in termites. In 321 
Biology of Termites: A Modern Synthesis (ed. by Bignell, D.E., Roisin, Y. & Lo, N.). Springer Netherlands, 322 
Dordrecht, pp. 279–320. 323 
Bowens, S.R., Glatt, D.P. & Pratt, S.C. (2013) Visual Navigation during Colony Emigration by the Ant 324 
Temnothorax rugatulus. PLoS ONE, 8, 2–8. 325 
Cabrera, B.J. & Rust, M.K. (1996) Behavioral responses to light and thermal gradients by the western drywood 326 
termite (Isoptera: Kalotermitidae). Environmental Entomology, 25, 436–445. 327 
Camazine, S., Deneubourg, J.-L., Franks, N.R., Sneyd, J., Theraulaz, G. & Bonabeau, E. (2001) Self-organization in 328 
Biological Systems. NJ: Princeton University Press, Princeton. 329 
Caves, E.M., Brandley, N.C. & Johnsen, S. (2018) Visual Acuity and the Evolution of Signals. Trends in Ecology and 330 
Evolution, 33, 358–372. 331 
Chang, L., Hsu, E.-L. & Wu, W.-J. (2005) The ultrastructure of compound eye of Formosan subterranean termite, 332 
Coptotermes formosanus (Isoptera: Rhinotermitidae). Collection And Research (Taichung), 1–6. 333 
Collignon, B., Séguret, A. & Halloy, J. (2016) A stochastic vision-based model inspired by zebrafish collective 334 
behaviour in heterogeneous environments. Royal Society Open Science, 3. 335 
Couzin, I.D. & Krause, J. (2003) Self-organization and collective behavior in vertebrates. Advances in the Study of 336 
Behavior, 32, 1–75. 337 
Ferreira, M.T. & Scheffrahn, R.H. (2011) Light attraction and subsequent colonization behaviors of alates and 338 
dealates of the West Indian drywood termite (Isoptera: Kalotermitidae). Florida Entomologist, 94, 131–136. 339 
Fitzgerald, T.D. (2003) Role of trail pheromone in foraging and processionary behavior of pine processionary 340 
caterpillars Thaumetopoea pityocampa. Journal of Chemical Ecology, 29, 513–532. 341 
Franklin, E.L., Richardson, T.O., Sendova-Franks, A.B., Robinson, E.J.H. & Franks, N.R. (2011) Blinkered 342 
teaching: Tandem running by visually impaired ants. Behavioral Ecology and Sociobiology, 65, 569–579. 343 
Franks, N.R. & Richardson, T.O. (2006) Teaching in tandem-running ants. Nature, 439, 153. 344 
Fuchikawa, T., Matsubara, K., Miyatake, T. & Matsuura, K. (2012) Acoustic emission monitoring of the effect of 345 
temperature on activity rhythms of the subterranean termite Reticulitermes speratus. Physiological Entomology, 346 
37, 303–308. 347 
Kokkari, A.I., Pliakou, O.D., Floros, G.D., Kouloussis, N.A. & Koveos, D.S. (2017) Effect of fruit volatiles and light 348 
intensity on the reproduction of Bactrocera (Dacus) oleae. Journal of Applied Entomology, 141, 841–847. 349 
Kowalko, J.E., Rohner, N., Rompani, S.B., Peterson, B.K., Linden, T.A., Yoshizawa, M., et al. (2013) Loss of 350 
schooling behavior in cavefish through sight-dependent and sight-independent mechanisms. Current Biology, 23, 351 
1874–1883. 352 
Land, M.F. (1997) Visual acuity in Insects. Annual Review of Entomology, 42, 147–177. 353 
Li, X., Jia, X., Xiang, H., Diao, H., Yan, Y., Wang, Y., et al. (2019) The Effect of Photoperiods and Light Intensity 354 
on Mating Behavior and Reproduction of Grapholita molesta (Lepidoptera: Tortricidae). Environmental 355 
Entomology, 48, 1035–1041. 356 
Maekawa, K., Mizuno, S., Koshikawa, S. & Miura, T. (2008) Compound eye development during caste 357 
differentiation in the termite Reticulitermes speratus (Isoptera: Rhinotermitidae). Zoological Science, 25, 699–358 
705. 359 
Mcleman, M.A., Pratt, S.C. & Franks, N.R. (2002) Navigation using visual landmarks by the ant. Insectes Sociaux, 360 
49, 203–208. 361 



Mizumoto, N., Bourguignon, T. & Bailey, N.W. (2022) Ancestral sex-role plasticity facilitates the evolution of 362 
same-sex sexual behaviour. bioRxiv. 363 
Mizumoto, N. & Dobata, S. (2019) Adaptive switch to sexually dimorphic movements by partner-seeking 364 
termites. Science Advances, 5, eaau6108. 365 
Mizumoto, N., Fuchikawa, T. & Matsuura, K. (2017) Pairing strategy after today’s failure: unpaired termites 366 
synchronize mate search using photic cycles. Population Ecology, 59, 205–211. 367 
Mizumoto, N., Lee, S. Bin, Valentini, G., Chouvenc, T. & Pratt, S.C. (2021) Coordination of movement via 368 
complementary interactions of leaders and followers in termite mating pairs. Proceedings of the Royal Society B: 369 
Biological Sciences, 288, 20210998. 370 
Mizumoto, N., Rizo, A., Pratt, S.C. & Chouvenc, T. (2020) Termite males enhance mating encounters by changing 371 
speed according to density. Journal of Animal Ecology, 89, 2542–2552. 372 
Mizumoto, N., Yashiro, T. & Matsuura, K. (2016) Male same-sex pairing as an adaptive strategy for future 373 
reproduction in termites. Animal Behaviour, 119, 179–187. 374 
Moglich, M., Maschwitz, U. & Holldobler, B. (1974) Tandem calling: A new kind of signal in ant communication. 375 
Science, 186, 1046–1047. 376 
Moser, J.C., Reeve, J.D., Bento, J.M.S., Lucia, T.M.C.D., Cameron, R.S. & Heck, N.M. (2004) Eye size and behaviour 377 
of day- and night-flying leafcutting ant alates. J. Zool. Lond. 264: 69-75. 378 
Mukhopadhyay, S. & Sumana, A. (2021) Importance of vision in tandem running during colony relocation in an 379 
Indian ant. Ethology, 1–12. 380 
Nutting, W.L. (1969) Flight and colony foundation. In Biology of termites (ed. by Krishna, K. & Weesner, F.M.). 381 
Academic Press, New York, pp. 233–282. 382 
O’Carroll, D.C. & Warrant, E.J. (2017) Vision in dim light: Highlights and challenges. Philosophical Transactions of 383 
the Royal Society B: Biological Sciences, 372. 384 
Ohmura, W., Kataoka, Y. & Kiguchi, M. (2014) Difference in phototactic behavior in alates of Coptotermes 385 
formosanus Shiraki and Incisitermes minor (Hagen) under laboratory conditions. Japanese Journal of 386 
Environmental Entomology and Zoology, 25, 39–44. 387 
Owens, A.C.S., Cochard, P., Durrant, J., Farnworth, B., Perkin, E.K. & Seymoure, B. (2020) Light pollution is a 388 
driver of insect declines. Biological Conservation, 241, 108259. 389 
Park, Y.I. & Raina, A.K. (2005) Light sensitivity in workers and soldiers of the Formosan subterranean termite, 390 
Coptotermes formosanus (Isoptera: Rhinotermitidae). Sociobiology, 45, 367–376. 391 
R Core Team. (2020) R: A language and environment for statistical computing. 392 
Radwański, A., Kin, A. & Radwańska, U. (2009) Queues of blind phacopid trilobites Trimerocephalus: A case of 393 
frozen behaviour of Early Famennian age from the Holy Cross Mountains, Central Poland. Acta Geologica 394 
Polonica, 59, 459–481. 395 
Raina, A.K., Bland, J.M., Dickens, J.C., Park, Y.I. & Hollister, B. (2003) Premating behavior of dealates of the 396 
Formosan subterranean termite and evidence for the presence of a contact sex pheromone. Journal of Insect 397 
Behavior, 16, 233–245. 398 
Randel, N. & Jékely, G. (2016) Phototaxis and the origin of visual eyes. Philosophical Transactions of the Royal 399 
Society B: Biological Sciences, 371. 400 
Schielzeth, H., Dingemanse, N.J., Nakagawa, S., Westneat, D.F., Allegue, H., Teplitsky, C., et al. (2020) 401 
Robustness of linear mixed‐effects models to violations of distributional assumptions. Methods in Ecology and 402 
Evolution, 2041–210X.13434. 403 
Sen-Sarma, P.K. (1962) Some observations on swarming in nature and colony foundation under laboratory 404 
conditions in Odontotermes assmuthi (Holmgren) at Dera Dun (Isoptera: Termitidae). Beiträge zur Entomologie, 405 
12, 292–297. 406 
Siderhurst, M.S., James, D.M. & Bjostad, L.B. (2006) Ultraviolet light induced autophototoxicity and negative 407 
phototaxis in Reticulitermes termites (Isoptera: Rhinotermitidae). Sociobiology, 48, 27–49. 408 



Sillam-Dussès, D. (2011) Trail pheromones and sex pheromones in termites. Nova Science Publishers/Novinka, New 409 
York. 410 
Sugio, K. (2019) Characteristics of dispersal flight of the Formosan subterranean termite, Coptotermes 411 
formosanus Shiraki (Isoptera: Rhinotermitidae) in Okinawa. Japanese Journal of Environmental Entomology and 412 
Zoology, 30, 63–69. 413 
Takematsu, Y. (1999) The Genus Reticulitermes (Isoptera : Rhinotermitidae) in Japan, with description of a new 414 
species. Entomological Science, 2, 231–234. 415 
Therneau, T.M. (2015) coxme: mixed effects Cox models. 416 
Uemura, M., Meglie, A., Zalucki, M.P., Battisti, A. & Belueiie, G. (2021) Spatial orientation of social caterpillars is 417 
influenced by polarized light. Biology Letters, 17, 1–6. 418 
Valentini, G., Mizumoto, N., Pratt, S.C., Pavlic, T.P. & Walker, S.I. (2020) Revealing the structure of information 419 
flows discriminates similar animal social behaviors. eLife, 9, e55395. 420 
Vannier, J., Vidal, M., Marchant, R., Hariri, K. El, Kouraiss, K., Pittet, B., et al. (2019) Collective behaviour in 480-421 
million-year-old trilobite arthropods from Morocco. Scientific Reports, 9, 1–10. 422 
Weinstein, P. & Maelzer, D.A. (1997) Leadership Behaviour in Sawfly Larvae Perga dorsalis (Hymenoptera: 423 
Pergidae). Oikos, 79, 450–455. 424 
Williams, R.M.C. (1959) Flight and colony foundation in two Cubitermes species (Isoptera: Termitidæ). Insectes 425 
Sociaux, 6, 203–218. 426 
Yamanaka, O. & Takeuchi, R. (2018) UMATracker: An intuitive image-based tracking platform. Journal of 427 
Experimental Biology, 221, 1–24. 428 
 429 


