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Abstract  

Recent advances in technology allow radio tracking to be done for larger insects. Such 

studies have been done on Odonata (dragonflies and damselflies), in the open fields of 

the United Kingdom. However, behavior of larger Odonates in the tropical forests of the 

Southeast Asian region is not well known, especially when away from water bodies. 

Difficulty arises in following these large individuals through the dense forest 

undergrowth as the individuals fly or perch in the canopy foliage.  

 

This study thus aims to be a pilot study in the uses of radio tracking in collecting 

information on the spatial and temporal behavior of large Singaporean Odonates, in 

particular the Macrogomphus quadratus. Radio tracking is done on foot and individuals 

are followed for as long as a signal is detected (an average of seven days). The M. 

quadratus is likely to be a percher in terms of its feeding behavior as can be deduced 

from the signals received on the tracking receiver and also from visual observations of 

untagged individuals. As a pioneer work in the field of radio tracking in Southeast Asia, 

we hope that future work will be aided by our findings.  

 

(192 words) 

 

Introduction  

The order Odonata consists of dragonflies and damselflies. The species count in 

Singapore stands at 131, with various new species being added in recent years. This 

number is comparable to the species count of the whole of Europe, reflecting the 

diversity and richness of species in the Southeast Asian region. The order is considered 

to have high conservation value to the general public as they are well studied and 

aesthetically pleasing, having been used as indicators of general species richness of 

water bodies (Sahlén and Ekestubbe 2001). 

 

Odonates are generally found near water bodies due to the aquatic larval stage. 

Different water bodies - such as ponds, fast flowing streams, slow flowing streams, 

marshes, mangroves - house different spreads of species. Different species also require 

different microhabitats – sand banks, shaded ponds, or tree trunks. Certain species also 

requires habitats away from water bodies - for example, some species have at times 

been observed to congregate at the top of hills. It is thus important to conserve not only 

one type of water body, but a variety of different habitats and microhabitats, and also 

the surrounding nature area. This is especially so in Singapore, where natural areas are 

scarce and are often a mix of various different microhabitats (Lin 2007). 

 

With recent developments in radio tracking technology, transmitters have been invented 

that are light enough to be attached to larger insects without heavily impacting their 

flight and daily activity, such as beetles (Negro, et al. 2008) and bees (Wikelski 2010). 

For Odonates, studies have been done in the United Kingdom on species from the genus 

Anax (Levett and Walls 2011). This study was done in the open field with a vehicle 

following the individuals. Little however is known about the behavior of larger tropical 

forest species, especially away from water bodies. In particular, radio tracking on 

Odonates has never been done before in Southeast Asian forests with its typical dense 

undergrowth.  

 

There are, in general, two types of Odonata – perchers, and fliers (Corbet 1962). Fliers 

remain in flight when actively searching for prey, whereas perchers make short flights 
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from a perch to catch their prey. This is in large part due to thermoregulatory needs – 

smaller dragonflies with poorer regulatory ability are in general perchers (Sformo and 

Doak 2006). Since radio tracking provides information on the activity of a tagged 

individual even when it is not visible, it could be used to complement visual 

observations of percher – flier behaviors. Both perchers and fliers would return to the 

same general area for feeding for a time period of 10 to 62 days. (Corbet 1999) 

 

This project aims to be a pilot study following the temporal and spatial activity of large 

Odonate species in tropical forest fragments in Singapore using radio transmitters. 

There are, however, limitations on possible species - such as the weight, length, and 

status (feasibility of capture). As such, the ideal species in Singaporean forests for 

tracking in this project would be the Macrogomphus quadratus, the Forktail.  This 

species from the family Gomphidae (Clubtails) is confined to Sunderland. In Singapore, 

it is often spotted in the Central Catchment and Bukit Timah Nature Reserves and has 

also been observed in various other locations, although it appears in highest regularity 

in the Nee Soon Swamp Forest within the Central Catchment. It is known to be active 

late into the day (Tang, Wang and Hämäläinen 2010). Males are known to consistently 

patrol shallow streams in dense alluvial forests while females lay eggs without male 

protection, with a few quick flights over the mudbanks of shallow streams (Orr 2003). 

Based on field experience with this species, patrols along streams are done with one 

single pass-over, after which the same stretch of water will not be covered again. 

Although no oviposition was observed, individuals that were captured were all female.   

 

(634 words) 
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Methodology  

Procedure 

The procedure for radio tracking is as follows. Larger individuals patrolling streams are 

targeted by two surveyors waiting on each bank with a standard insect collecting net in 

hand in the morning. As the individual flies by attempts on capture are made. At around 

noon, mid-canopy branches overlooking open patches are scanned for perchers. If 

spotted and reachable by net, an attempt on capture is made.  

 

Upon capture, the individual is held 

by the wings by one person while the 

other measures the length of the hind 

wing, the forewing, and the full body 

using a ruler. A small empty paper 

bag is weighed and the dragonfly is 

placed in the bag and weighed again. 

If it is suitable for tracking, it is again 

held by the wings and removed from 

the paper bag. A transmitter is then 

glued onto the individual. One person 

held the individual by the wings 

while another person glued the transmitter. Cement glue was used on the transmitter to 

further waterproof it, and a layer of eyelash glue was used to glue the transmitter to the 

individuals.  

 

After the transmitter is secured and the glue is dried, the individual is released. It is 

observed (visually and using the receiver) until the signal is lost, the weather turns bad, 

or activity ceases. In the following days, we return to the spot where the individual was 

last spotted and move outwards from that spot on foot if no signal is received. If a signal 

is received, the spot with the strongest signal is found and an attempt to visually spot the 

individual is made. Should the signal strength change, the new strongest spot is found. 

This is continued until the transmitter’s battery is dead. 

 

Equipment 

Transmitters were pulsed by a multi-vibrator and has a crystal controlled two-stage 

designed. It has a pulse width of 20ms ± 10% and a nominal pulse rate of 0.67 p/s (40 

p/m). Due to restrictions such as additional weight that dragonflies can carry during 

flight, transmitters were of a total weight of 0.22g, inclusive of antenna, battery, and 

transmitter. The dimensions of the transmitters were 8mm by 5.3mm by 2.8mm, being 

housed, together with the battery, in an inert waterproof epoxy. The antenna is made of 

stainless steel wire and is 0.18mm in diameter with the maximum length of 14cm. This 

length was later cut to accommodate the length of the individual being tracked. Each 

transmitter is activated by soldering two wires together. Ten transmitters were 

manufactured of varying frequencies around 150MHz, so as to differentiate between 

individuals should simultaneous tracking be done. Battery life has an average of seven 

days.  

 
Figure 1- Photo of a Transmitter 
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The receiver used was a Three Element Folding 

Yagi directional antenna with a boom of fixed 

length and three folding elements. It has a 5.6dB 

gain over dipole. When folded, dimensions are 

85.1cm by 10.2cm by 3.8cm. When unfolded, 

dimensions are 85.1cm by 2.5cm by 102cm. It has 

a front-to-back ratio greater than 20dB. Ten 

receiving channels specific to the ten transmitter 

frequencies was manufactured to allow for 

simultaneous tracking. During tracking, it is held 

horizontally out with elements pointing left and 

right, and swept in a circle with its main axis 

always perpendicularly jutting out from the surveyor. Constant beeps are heard when 

transmitter is within range and signals from between 0.1 to 1mA can be visually read 

off from the receiver.  

 

Subjects 

The individuals tracked were of a weight above 1.0g, so that at the maximum the 

transmitter consists of an additional 20% of its weight. Individuals had a minimum body 

length of 75mm (from eyes to end of thorax), as a decreased length of transmitter 

antenna relates to a decrease in the distance from which the signals can be heard. 

Transmitters were attached to the underside of the thorax of the individuals.  

 

 

(646 words) 

  

Figure 2 - Photo of receiver 
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Observations and Results  

Tracking was conducted in the Nee Soon Swamp Forest, mostly at location 1° 22.932’ 

N, 103° 48.305’ E. This is located within the Central Catchment Reserve of Singapore 

and is in close proximity to many stream systems and ponds weaving throughout the 

forest fragment.  

 

Out of the ten trackers, only four were successfully deployed onto individuals. Three 

different species were tagged, as the requirements on body size and weight limited the 

possible species to be tagged. Tagging was highly dependent on appearance of 

individuals of each species. The three species tagged were Macrogomphus quadratus 

(female), Epophthalmia vitigera (male), and Macromia cincta (female). Two other male 

individuals of the species Macrogomphus quadratus were caught but they were too light, 

with a weight below 1g.  

 

Except for the first individual tagged, handling time for each individual was about 15 

minutes. After release, the dragonflies flew off within 20 minutes, although first flight 

was generally unstable. For the first individual, handling time was 30 minutes and time 

before flight was 40 minutes.  

Both M. quadratus individuals were tracked for 8 days, with the signal gradually getting 

weaker over the last 2 days of tracking. The E. vitigera was not heard again after 

tagging, while the signal for M. cincta was lost on the fifth day.  

 
Table 1 - Information of individuals tagged 

Species Gender Hindwing 

(mm) 

Body 

(mm) 

Weight 

(g) 

Caught Signal Dead 

Macrogomphus 

quadratus 

F 54 80 1.018 12-Aug 19-Aug 

Epophthalmia 

vitigera 

M 51 75 1.105 14-Aug ? 

Macrogomphus 

quadratus 

F 57 83 1.267 19-Aug 26-Aug 

Macromia 

cincta 

F 50 73 1.013 4-Nov 8-Nov 

 

We were unable to connect a datalogger to the tracking device. However, fluctuations 

from within 0.1mA of signal strength were noted manually.  

 

E. vittigera 

This individual was tagged at 10.50am, and after release at 11.05am, flew off at 

11.25am. It was caught while patrolling a shallow stream and after release it continued 

downstream. The individual was not heard on the tracking device again for the next 7 

days either at the release spot or in the vicinity (about 50 meters up and down the trail).  

 

M. cincta 

This individual was patrolling over a still marsh (blue mesh) when caught (red square) 

at 11.30am and was released 15 minutes later (yellow circle). It flew off within 20 

minutes. During tracking, maximum signal strength was achieved when the receiver 

was held vertically, with the axis pointing up. This is often beneath a canopy of trees 
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(grey rectangle). This could be due to the fact that this species often hangs vertically 

downwards from branches. On the first few days of tracking, maximum signal strength 

was 8 or 9. On the fourth day of tracking, maximum signal strength dropped to 6, and 

on the fifth day, no signal was detected. There were occasionally fluctuations and 

changes to the location of the individual during tracking, likely due to short flights to 

capture prey. (blue stars) 

 
Figure 3 - Map of M. cincta locations 

 

M. quadratus 

Timings 

The first M. quadratus individual was caught while flying over a stream at 10.30am, 

whereas the second was caught at rest at 12.30pm, near a shallow pool of water. The 

first individual showed little activity, with the signal strength remaining stable for long 

periods of time. The second individual began activity (indicated by fluctuating signal 

strength) from as early as 9.50am, and was active till as late as 6.55pm. 

 

Ranges 

Location of both M. quadratus did not vary much over the course of the 10 days.  

 
Figure 4 - Map of M. quadratus locations 1 

Signal strength was at the maximum for the first individual at two general locations 

throughout the days where it could be tracked. These two locations were both along the 

same stream– the first where it was caught (red square) and released (yellow circle), and 

the second about ten meters downstream, near a fruiting fig tree (green diamond). 

Maximum signal was picked out at varying spots at different times (blue stars), 

indicating movement of the individual, in general within a two meter radius. The stream 

is shallow, with a maximum depth of 1m and a width of 1m to 2m.  
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Figure 5 - Map of M. quadratus locations 2 

The second individual covered a larger area in the days it was tracked. It was caught 

(red square) while perching on a hanging rattan beside a shallow, marshy pool of 

rainwater (light blue mesh) and released at the same spot (yellow circle). The pool is 

situated along a cement water pipe (grey line), which runs parallel to an open trail on 

which the pool is situated. A second trail branches off perpendicular to the pipe (brown 

double lines), otherwise dense forest surrounds the area (dark green mesh). There are 

various clearings (orange ovals) around the area, caused by fallen trees and overgrown 

with shrubs. The individual was heard at many locations (blue stars) throughout the 10 

days and was seen on the fourth day of tracking (red star), flying towards the direction 

where it was caught. The entire area of activity has a radius of about 15 meters from the 

center of the figure.  

 

Signal strength 

The individuals can be detected by the receiver with clear signal strengths (visible on 

the current meter) from a distance of approximately 20m. Further away, beeps can be 

heard but no current change can be observed on the reader. Audio signals are still useful 

as a confirmation that the individual is in the vicinity.  

 

As we neared the individual, the signal strength increases. Throughout most of the 

tracking, the location where the signal strength was consistently at 0.8 to 1.0mA could 

be found. The axis of the receiver is aligned to the orientation of the transmitter and thus 

constant rotation of the receiver is needed when first attempting to locate the spot with 

the strongest signal.  

 

On the seventh day of tracking the first M. quadratus individual, the maximum signal 

strength detected was 0.4mA, and in the afternoon the maximum signal dropped to 

0.3mA and 0.2mA. Although an audio signal could be heard on leaving the immediate 

location on other days, on this day no signal could be heard. On the eighth day of 

tracking there was no longer any signal. We interpret this to mean that the battery had 

run out and terminated tracking. Similarly, on the eighth day of tracking the second M. 
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quadratus individual, the maximum signal was 0.9mA, and at noon this dropped to 

0.4mA.  

 

For the Macromia cincta individual, signal was undetectable on the fifth day. This could 

either mean the individual had changed location or that the battery had run out.   

 

Behavior 

Signal strength for M. quadratus remains relatively stable, with short fluctuations, and 

at times short periods of low signal strength for a few seconds. The strongest signal 

strength remains unchanged in the same place for periods from 5 minutes to 1 hour long. 

When location is changed, it is generally within a 10 meter radius.  

 

Visual observation of untagged individuals in the vicinity was done when possible. In 

the late evening (6pm to 7pm), observation of a female individual in the area showed 

that in an hour there were only two short forays, each lasting two seconds. In the late 

morning (11am), however, in observing a male individual, we saw that up to three 

forays could be made within five minutes, although there were also times of no activity. 

The individuals consistently return to the same general area (within 5m – 10m).  

 

In general, these individuals perch on mid-canopy rattans and branches overlooking 

clearings. After catching its prey, the individuals often return to the same rattan or 

branch, although it might be in a different position. As the survey was done during the 

rainy season, when there was significant cloud cover for extended periods of time, the 

individuals would fly away from their perch.  

 

We were unable to pinpoint the exact spot of the individuals by radio tracking. However, 

at the spot with the maximum signal strength, mid-canopy branches and undergrowth 

are scanned, both with the naked eye and with a pair of binoculars. Similar to the visual 

observations, when rain approaches, signal strength for the tagged individuals will drop 

significantly along the clearings.  

 

At the one instance where the tagged individual was seen, flight was slow and swerving 

and the individual was lost to sight when it reached the largest clearing. It was observed 

to fly for at least a 5 meters. During this time, the signal strength fluctuated.  

 

(1408 words) 
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Discussion  

We had hoped to be able to tag more than two individuals of the same species in order 

to have more conclusive data. However, we had been unable to capture more than two 

individuals of the same species and as such decided to tag other species which meet the 

size and weight requirements. We were able to observe other individuals of the M. 

quadratus in the vicinity. These were mostly male, which were too small to tag. The 

visually observed behavior of these individuals corresponds with that interpreted from 

the tracking data.  

 

Although the M. quadratus is a relatively large Odonate, it mostly employs percher 

behavior during feeding. Data that corresponds to patrolling a stream was not collected 

on the tracker, although one of the individuals was caught while patrolling. This could 

be due to various factors. Firstly, the impact the transmitter made on the individual 

might have been too great, causing it to carry too heavy a load for swift flight. If this 

was not the case, patrolling behavior might either be observed only in certain occasions 

such as oviposition, or perhaps only in the early morning before feeding starts. Due to 

the limited data collected, we are unable to conclude decisively on either explanation.  

 

Both M. quadratus individuals were collected within a 15m distance from each other. 

However, when the maximum signal strength of each individual is mapped out, the 

range of activity does not overlap. We have noticed other males in the second 

individual’s area of movement, although the spot they occupy do not coincide with the 

location of the maximum signal strength of the transmitter of the tagged individual at 

the moment where they are observed.  

 

The first M. quadratus occupied a territory that was centered around a forest stream, 

while the second one that was adjacent to a shallow, marshy pool. Although the second 

individual was caught while it was beside the pool, it was also often heard in forest 

clearings that were not immediately adjacent to the pool. Untagged individuals were 

also observed overlooking dry forest clearings. This multitude of different habitats used 

by the same species shows again the necessity of conserving a conglomeration of 

microhabitats.  

 

The time of activity corresponds with previous information available on this species – 

that it remains active late into the day, although activity ceases when the weather turns 

bad.  

 

Future Work 

Although there was activity on all individuals tagged, we are unable to assess the impact 

that the transmitter made on the individual. The minimum weight of the individual was 

5 times of the transmitter (approximately 1.0g), however, this might not be enough. 

Another consideration might be the species – the E. vitigera is able to fly off at a higher 

speed and is likely less impacted by the transmitter considering that it was not detected 

again after release – despite similar weight and size.  

 

Our project was carried out in the late part of the year – from August to December. In 

the June period of the same year, large dragonflies were spotted in the Central 

Catchment at higher frequencies, and different species were spotted. Another 

consideration is that the time period of our work was in the rainy season and surveys 

were often interrupted by showers and thunderstorms, during which Odonata activity 
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ceases. Should the same work be carried out in the months with better weather, there 

should be better chances of both catching large individuals and following up the tagging 

with consistent surveys.  

 

All tagged individuals were caught in the Central Catchment Reserves, in particular 

along the Nee Soon Swamp Forest pipelines. This is due to the regularity with which 

large Odonates appear in the area and the relative ease with which tracking can be done. 

However, other sites could be considered as well, including the Woodcutter Trail 

upstream of our tracking sites and also the fringe areas of the Central Catchment. 

Another interesting site would be the Chestnut Marsh, although catching and tracking 

would likely have to be done on boats or kayaks which would decrease maneuverability.  

 

(669 words)  
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