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Abstract

We examined the nocturnal activity and emergence of larvae of the New
Zealand Bush Giant dragonfly, Uropetala carovei, by using continuously
running cameras to obtain a record of all aspects of their night activity over
five successive flight seasons, 2018/2019, 2019/2020, 2022/2023,
2023/2024, 2024/2025. Our study shows that larvae arrive and depart from
burrow tops within 30 minutes of dusk and dawn respectively. Contrary to
earlier published reports, larvae were never observed to leave their
burrows to search for prey. Final instar larvae breathe directly from the air.
There is a preponderance of male over female exuviae. Emergence of
adults takes place over three months, the first recorded emergence being
on the 23" of November and the last on the 23 of February.

Introduction

Unlike almost all of the close to 6,500 species of dragonflies whose larvae
spend their lives in open water, the larvae of Uropetala carovei live in
colonies, i.e. clustered groups of self-excavated burrows, located in
seepages usually found beside small steeply-sloping watercourses. This
burrow-dwelling lifestyle, (Fig. 3), is confined to ten species in the family
Petaluridae, two of which are endemic to New Zealand, U. chiltonii
(Mountain Giant) and U. carovei (Bush Giant). Uropetala spp. are New
Zealand’s largest dragonflies.

Whilst U. carovei larvae are known to remain below ground during the
day, Winstanley et al. (1981), Rowe (1987) and Marinov & Ashbee (2019)
have stated that more research is required on their nocturnal behaviour,
especially in the wild rather than in laboratory conditions.
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Methods

The site of the colony is in a steep, forested gully on the eastern shores of
Te-Whanganui-a-tara (Wellington Harbour), approximately 60 m above
sea level and approximately 550 m from car park hard standing. Cameras
were installed and operated day and night to observe U. carovei larval
burrows (Fig. 1). Electricity was supplied to the cameras and recording
equipment via a specially-made 550 m cable. The cameras were mounted
on metal stakes driven into the ground, just over 1 metre from the target
burrows, and were protected by specially constructed wooden housings
with aluminium roofing (Figs.2 & 3).

The first season (2018/2019) concentrated on obtaining data on two topics,
nocturnal larval behaviour, and burrow-top dusk-arrival and dawn-
departure times. Although the cameras were moved several times during
this season in order to record different activities, main concentration was
on the central 12 of the 55 burrows (Fig. 1). Season 2 — 5 (2019/2020,
2022/2023, 2023/2024, 2024/2025 respectively) concentrated on capturing
and monitoring emergence sequences.

For the first four seasons, two cameras were used (Fig. 2). In the fifth
season, four cameras were used, in set positions, enabling a wider area to
be captured, covering 35 burrows (Fig. 3).

The total amount of film recorded was 8789 hours over 430 nights (Table
1). During the first season all 1034 hours of film were watched. Data on
arrival and departure times from burrow-tops were recorded. In the
remaining four seasons, only film after exuviae were located was re-wound
and watched, involving just over a further 50 hours of observed film. The
study also investigated details of rectal air-breathing, distance travelled by
emerging larvae, and colouration of teneral adults at emergence. The
number of site visits was 120, each visit being to check activity and, if
necessary, to collect recordings for study.
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Figure 1: Group of self-excavated burrows in
the colony. Photo: Kari de Koenigswarter.

Figure 2: General view of the colony in
sloping watercourse, showing the two
cameras used during the first four
seasons. electrical connector. The
bottom camera is concealed beneath its
aluminium protective sheet. Photo: Kari i = S
de Koenigswarter. Figure 3: The four-camera set-up used at the end
of the study. Photo: Kari de Koenigswarter.

Results

A permanent seepage keeps the colony of about 55 U. carovei burrows
damp year-round. Burrow-tops typically have a circumference of between
2 cm-3 cm for larger burrows and 2 cm-1.5 cm for smaller burrows (Fig.
1). Each burrow has a depth of at least 11 cm-15 cm before curvature of
the tunnel obstructs further measurement.

Dates and emergences over five seasons for all exuviae at the colony,
including those not filmed are given in Table 2. Details of five successful
filmed emergence sequences are given in the online supplementary.
During the study, the entire colony were seen to arrive simultaneously at
their individual burrow-tops at dusk and depart at dawn. These moments
coincided almost exactly within the Wellington MetService specified Civil
Twilight dusk and dawn periods. (Civil twilight lasts approximately half an
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hour). Between the 5" January and the 28" February 2019 (36 days) 16
dusk arrival times and 34 dawn departure times were recorded. Of these 50
recordings, 41 coincided exactly within the Wellington MetService dusk
and dawn periods; 2 dusk-arrivals and 5 dawn-departures were 1 minute
outside the period; and 1 dusk-arrival and 1 dawn-departure were 5
minutes out. In all cases, the larvae arrived and departed slowly from their
burrow tops.

Table 1: Number of site visits, days and hours filmed

Start/Finish Dates Number of Duration of Total recorded
site visits filming (days)  (hours)

Season 1:20.12.18/28.2.19 21 46 1034
Season 2: 11.12.19/7.3.20 24 86 760
Season 3: 13.12.22/6.3.23 24 84 775
Season 4: 6.12.23/5.3.24 22 76 1252
Season 5: 7.11.24/26.3.25 29 138 4968
Total 120 430 8789

Figure 4: Image, taken from night-film, of two U. carovei
larvae at their burrow-tops. Photo: Kari de Koenigswarter.

Larvae perched just below the tops of their burrows (Fig. 4), waiting for
passing prey, remaining immobile in most cases for many hours, using
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their labial masks to prey on insects and worms, disappearing down their
burrows (Fig. 5) to consume prey before returning to their burrow tops.
Action of a typical labial mask attack was calculated from film-speed at
one-tenth of a second. Reappearance of the larva at the mouth of the
burrow depended on the size of the prey but was typically about half an
hour. If no food became available, larvae appeared to remain in position at
the top of their burrows overnight. Prey was only captured when it crossed
the burrow mouth or came extremely close to it. Large spiders were
attacked, but in each case observed the spider escaped and the larva was
unharmed. Despite observation over hundreds of hours of film, no larvae
were seen to leave their burrows except for emergence.

Figure 5: Artist’s impression of a U. carovei burrow. A U. carovei exuvia has been
substituted for a live larva. Area shaded in blue represents water. Artist: Kari de
Koenigswarter.
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Larva appeared to use their labial masks to excavate lumps of mud from
their burrows. Excavation of the burrows was carried out slowly. One larva
took over five minutes to arrive at the mouth with a mud pellet, dump it
outside the lower edge of its burrow, and retreat.

No vertebrate predators successfully took larvae, although the site was
regularly examined by feral cats, possums, hedgehogs, blackbirds and
thrushes.

Larvae were extremely responsive to vibrations, the entire colony
disappearing rapidly down their burrows on the approach of possible
predators. Weta and large spiders caused instant withdrawal. A mass
retreat also occurred during a two-second seismic event (03.01.44/45 on
the 10" of January 2019).

The time between larval emergence from burrow to adult take-off varied
between 7h 7min and 8h 21min (see online supplementary), average 7h
48min. In all recorded sequences, the U. carovei larvae left their burrows
and commenced emergence immediately.

Unlike many odonate species, in which adult colour appears sometime
after teneral flight, all five insects (3 male, 2 females) recorded were fully-
coloured before their first flight, as was another example (female)
observed immediately after take-off in the Wellington Botanical Gardens
at 05.13 on 3rd February, 2019.

Most exuviae at the site were found within 0.5 m of any burrow, including
the five examples filmed. However, two exuviae were found at a greater
distance: one on a small branch 0.7 m from any burrow, and a second on a
tree 1.5 m from any burrow. Also, a third was located at the site on a tree
at least 3 m away. In all 30 exuviae found at the site, the exuvial stance
was vertical. All appear to have successfully completed their emergence.
However, one failed emergence was noted at Zealandia Ecosanctuary,
Wellington, on the 15" of December, 2019.

33 final instar exuviae of U. carovei were examined. 5 were so covered in
dried mud as to be impossible to verify, but 28 had an opening at the tip of
the rectal plates, suggesting air breathing (Figs. 6 & 7). 21 out of 30
emergences occurred from the beginning of January until mid-February
(Table 2). Over five seasons, we recorded 18 male and 12 female exuviae

(Fig. 8).
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Figiire 6: Rectal view of Figure 7: Rectal view of

male Uropetala carovei. female Uropetala
Photo: Kari de carovei. Photo: Kari de
Koenigswarter. Koenigswarter.
1(18/19) 2 (2020) 3(22/23) 4(23/24) 5 (24/25)
Season
m Male B Female

Figure 8: Number of male and female exuviae per season
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Table 2: Number of male (M) and female (F) emergences.

Season 1 Season2 Season3 Season4 Season 5
Date M F M F M F M F M F
23-Nov 1
11-Dec 1
13-Dec 1
20-Dec 1
21-Dec 1
02-Jan 1
15-Jan
21-Jan 1 1
23-Jan 1 1 1 1
28-Jan 1
29-Jan 1
30-Jan 1 1
31-Jan 1
01-Feb 1
03-Feb 1 1 1
05-Feb 1
07-Feb 1
09-Feb 1
15-Feb 1
17-Feb 1
19-Feb 1
23-Feb 1
Total 6 3 1 - 2 1 3 5 6 3
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