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Abstract.

We document predation of aestivating bogong moths (4grotis infusa) by wild pigs (Sus scrofa) at a location

in the Australian Alps. This is the first known record of pigs preying on bogong moths. Wild pigs are recent colonisers of
the region, though already the population appears seasonally habituated to foraging on aestivating moths. This is indicative
of adaptation of a feral animal undertaking dietary resource switching within what is now a modified ecosystem and food
web. The significance of this predation on moth abundance is unclear. Long-term monitoring to compare numbers of
moths with historical surveys undertaken before the colonisation by wild pigs will require that they are excluded from
aestivation sites. Our surveys in 2014—15 observed bogong moths to arrive about one month earlier compared with a

similar survey in 1951-52, though to also depart earlier.
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Introduction

The annual migration of bogong moths (4grotis infusa) from the
inland plains to the alpine regions of south-eastern Australia is a
remarkable natural phenomenon, with many similarities to the
monarch butterfly (Danaus plexippuss) migrations in North
America (Warrant et al. 2016). In behaviours first described in
detail by Common (1954), the spring generation of moths
migrate from the inland plains to the mountains, where they
aestivate gregariously over summer in crevices and caverns at or
close to the top of the mountain summits. During late summer
and autumn, the moths return to the inland breeding grounds,
when dicotyledonous annuals suitable as a larval foodsource
have germinated (Common 1954). The reliance of bogong
moths on the highest parts of the Australian High Country for
summer aestivation suggests that a warming climate may impact
on this species (Green 2010), with knock-on effects to species
that are heavily dependent on the moths as a source of food, such
as the mountain pigmy possum (Burrayms parvus) (Broome
2001). The abundance of bogong moths could also be strongly
influenced by land-use changes in the other parts of their range
in inland Australia, climate-driven or otherwise.

Aboriginal people incorporated the annual migration of
bogong moths to Australia‘s high country into their yearly
foraging activity and culture (Flood 1996). More recently, the
spring arrival of the moths has become a feature of the cultural
calendar amongst the current predominately non-Aboriginal
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community. Indeed, the spring arrival of the bogong moths is
detectable on social media (Welvaert et al. 2017).

Invasive animals quickly adapt to exploiting local food
sources, and are often dietary generalists. For example, during
summer months red foxes (Vulpes vulpes) inhabiting areas
above 1500 m altitude in the Australian High Country exten-
sively feed on bogong moths and grasshoppers (Green and
Osborne 1981). Such predation on bogong moth populations
has probably been occurring since the early 1900s when foxes
first colonised the region (Short 1998). The colonisation of
Australia’s High Country by wild pigs (Sus scrofa) is a much
more recent event. It appears that wild pigs were first introduced
to the northern section of the Australian Alps in 1959 as a result
of escapees from a vehicle accident (Hone 2002). They have
subsequently colonised virtually all of the region (Saunders
and Kay 1996; Hone 2002). The wild pig is a particularly
adaptable, highly invasive, vertebrate species that is well known
for exploiting seasonally available high-value food sources,
whether in its native (e.g. Schley and Roper 2003) or introduced
ranges (e.g. Caley 1997).

There are little published data on long-term trends in the
number of bogong moths aestivating in the Australian High
Country. Indeed, when recently describing the aestivation
behaviour of bogong moths in the Australian High Country,
Warrant et al. (2016) relied heavily on the work of Common
(1954), who intensively surveyed the coverage of moths on a
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single rock face within an overhanging shelter near the summit
of Mount Gingera in 195152 and 1952—-53. There is a need to
develop an approach for monitoring numbers of bogong moths
in the Australian High Country, if long-term changes in moth
numbers are to be detectable.

In this study we revisit the cave surveyed by Common (1954)
as part of a broader survey of dynamics of bogong moths
aestivating on Mount Gingera, Brindabella Ranges, Australia.
In doing so we provide alternative explanations for temporal
variation in the abundance of aestivating moths, and note the
predation of bogong moths by wild pigs in the cave described by
Common (1954).

Materials and methods
Study area

The study focused on the flat-topped summit on Mount Gingera
(1857 m above sea level; 35°34’S, 148°47'E) within the Brin-
dabella Ranges bordering the Australian Capital Territory and
New South Wales, in south-eastern Australia. Scattered granite
outcrops occur along the length of the summit, and on the sur-
rounding slopes. Vegetation is a mix of woodland dominated by
snowgum (Eucalyptus pauciflora) and subalpine grassland
communities. Snow cover typically persists on the shaded side
of the summit from July to October. Weather data are available
from an Australian Government Bureau of Meterology station
(site name: Mount Ginini AWS; site no: 070349) on the
neighbouring Mount Ginini at 1760 m above sea level. For
the period 2004-17, the coldest month was July (mean
minimum = —2.4°C, mean maximum = 2.4°C), and the hottest
month was January (mean minimum = 9.9°C, mean
maximum = 20.8°C). It would be expected, based on the adia-
batic lapse rate, for Mount Gingera to experience temperatures
~0.6°C colder than these. The annual precipitation averaged
1053 mm, with rainfall spread reasonably evenly throughout the
year apart from autumn, which is drier.

Aestivating moth survey

Prior to any moth arrival and snow cover, 37 potential aesti-
vating sites associated with granite boulders and boulder piles
were identified along a north—south transect along the summit
ridge of Mount Gingera. Sites were chosen either on the basis of
evidence of previous moth use (e.g. moth detritus being visible),
or rock topography (crevices, overhangs, caves) similar to those
sites with previous evidence of use. The rationale for the latter
was that in some sites evidence of previous occupation is
removed by natural factors (wind, water, etc.).

During each survey all crevices were searched with a torch,
and the volume of moths estimated with the aid of a tape
measure. A depth of 2 cm was used for moths covering faces.
Searches and scoring were undertaken by the same observer
(PC) in both years.

Wild pig monitoring

Whilst undertaking moth aestivation surveys during late 2014
there was considerable sign (tracks, faeces) of wild pigs inside
and around the chief observation cave (hereafter ‘Moth Cave’)
studied by Common (1954). There was also considerable sign of
pigs foraging as far as they could reach under granite boulder
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piles hosting aestivating bogong moths. Wild pigs were not
present on Mount Gingera in the early 1950s at the time of the
pioneering surveys of Common (1954).

To monitor use of the Moth Cave by wild pigs, and other
wildlife, during 2015 we installed a camera-trap (Reconyx
HC500 Hyperfire Trail) to monitor the entrance to the
cave for the period 17 December 2015 until 9 January 2016.
The camera uses passive infrared motion detection, and to be
triggered requires an object different from the background
temperature to enter one of the detection bands. The camera
was located ~1 m from the cave entrance and programmed to
take a burst of 10 images upon each triggering (with no ‘stand-
down’ period). Subsequently, the camera was stolen from a
second placement inside the cave. The lack of a ‘stand down’
period created problems with the volume of images captured
(>33 000), as the pigs spent of lot of time moving in and out of
the cave entrance. To facilitate processing, bursts of images
were thinned to a minimum time interval of 2 min for species
identification and analysis. This resulted in 416 camera trigger
events over a c. 23-day period, of which 372 trigger events
involved a visible animal of sorts (including moths).

Results
General

Moths first arrived in 2014 between 4 (absent) and 9 (present)
October. For 2015 the window of arrival was 29 September to
6 October. On both occasions, the first site housing moths was at
the south-western side of the summit boulder pile. The distance
separating the initial clumps between the two years was less than
1 m, which seemed remarkable.

Most of the aestivation sites were in narrow cracks (<10 cm)
(e.g. Fig. 1). Of the 37 potential sites identified prior to the
survey, a maximum of 35% were occupied in 2014—15 during
mid-November and mid-December, and 46% were occupied in
2015-16 in mid-December (Fig. 2).

Seasonality

Compared with the 1951-52 and 195253 seasons observed by
Common (1954), the moths arrived a month earlier and departed
amonth early (Fig. 3). The intraseasonal variation in abundance
was broadly similar, with a two-peaked pattern that was evident
in both the number of occupied sites and the volume of moths.

In both years nearly all aestivating moths had departed by
early March, with all departed by the end of April (Fig. 3), a
month earlier than observed by Common (1954).

Notably, over the aestivation period, the number of moths at
some sites changed suddenly.

Predation

Pigs were observed (based on their tracks) to regularly visit the
Moth Cave before the arrival of moths. After the arrival of the
moths, wild pigs used the moth cave and its immediate sur-
roundings extensively, especially a small group of pregnant
sows (Fig. 4) and lactating sows and their piglets (Fig. 5). They
were recorded visiting the cave every day for the 24 days that
the camera was operating, with no obvious trend in visitation rate
over time (Fig. 6). This always included multiple visits on the

same day (mean = 13 visits day ™', range = 4-35 visits day ',
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Fig. 3. Seasonal changes in indices of abundance (cm®) of aestivating
Bogong moths atop Mount Gingera, Brindabella Range, Australia, from sites
surveyed in this study during 201415 and 2015-16 (solid lines and left-hand
scale) and from 1952-53 for areal coverage (m?) within the chief observation
cave surveyed by Common (1954) (dashed line and right-hand scale).

Fig. 1. Example of narrow vertical crack housing moths on Mount
Gingera. Photograph: Sophie De Meyer.
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Fig. 4. Night-time photograph of pregnant sow entering the ‘Moth cave’
on left of picture on Mount Gingera during mid-December. Note the flying
moths.
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Fig. 2. Seasonal changes in the total number of survey sites containing
aestivating Bogong moths atop Mount Gingera, Brindabella Range, Australia,
from 37 sites surveyed in this study during 2014-15 and 2015-16.

n =22 full calendar days) (Fig. 6). Interestingly, few, if any, boars
were caught on camera, although they were seen in the vicinity at
other times. Clearly, the bogong moth resource was being heavily
utilised by sows and their offspring.

At no time were there ever any moths on the roof of the moth
cave, as had been observed by Common (1954). In fact, there
were no moths present on any rock surface within the shelter that
was accessible to a pig snout. In contrast, the inaccessible (to
pigs) corners of the cave were completely covered in moths Fig. 5. Daytime photograph of sow suckling piglets outside the ‘Moth
during both years. cave’ on Mount Gingera during mid-December.
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Fig. 6. Frequency of camera trap activation outside the ‘Moth cave’ on Mount Gingera separated by more than
2 min. The first day is 18 December 2015 and the last is 8 January 2016.

Additional species observed at the cave entrance include the
pied currawong (Strepera graculina), red fox (one trigger
event), feral cat (Felis catus) (one trigger event) and an uniden-
tified (image resolution too poor) bat (eight trigger events).

Discussion

This study has identified further ecological pressures on the
bogong moth population, and documented an approach for
monitoring changes in an index of abundance on Mount
Gingera. Being one of the northernmost, and hence climatically
marginal, mountain-top aestivation sites for this species, Mount
Gingera is a key site for long-term monitoring. We note that
within the summer aestivation period, movement of moths is not
fully understood, and this affects the interpretation of data. For
example, Common (1954) inferred that the two-peaked pattern
of abundance in the moth cave could have been caused by moths
using Mount Gingera as a staging post for travelling further
south to the slightly higher peaks of the Main Range. Common
(1954) also observed the mid-summer decline to coincide with
moths being observed flying towards the north, though pre-
sumably not migrating. The extent of between-site movement
over the aestivation period that we have documented provides an
alternative explanation. It is possible that moths are moving
deeper into cracks that are not observable, though whether such
sites exist is difficult to tell. There were, however, several deep,
narrow and shaded aestivation sites that were observable for
which moth aggregations disappeared early in the period of
aestivation. We expected such sites to remain inhabited if moths
were shifting deeper for reasons of thermoregulation. The
intraseasonal movements and their reasons remain unclear.
Our study is the first known record of pigs preying on bogong
moths. Wild pigs are recent colonisers of the region, though
already the population appears seasonally habituated to foraging
on aestivating moths. It has previously been reported that wild
pigs utilised higher-altitude regions of Namadgi National Park
and neighbouring Kosciusko National Park during the summer
months (John Mcllroy, unpubl. data) (Saunders 1988). During
April 2017, a visit to the summit of another prominent peak in
the southern Brindabella Ranges, Mount Gudgenby (~1740 m
above sea level; 35°46'S, 148°55'E) revealed extensive signs of
pigs, indicative of prolonged use over the previous summer. This

strongly suggests that the pigs were utilising bogong moth
resources atop Mount Gudgenby in a similar manner to what
we observed on Mount Gingera. Our study shows that for at least
a portion of this pig population in the Australian High Country,
aestivating bogong moths are one of the food sources driving
this seasonal shift in home-range use. This is indicative of
adaptation of a feral animal undertaking dietary resource switch-
ing within what is now a modified ecosystem and food web. The
parallels in resource utilisation with the original indigenous
inhabitants of the region are striking (see Flood 1996). Currently,
most sites (rock faces) with aestivating bogong moths are inac-
cessible to wild pigs, although there is possible circularity in this
inference. Hence the impact of the pigs on moth abundance is
unclear.

The frequency of recorded visits by red foxes (only a single
trigger event in nearly a month) was less than we expected based
on the high frequency of bogong moths in the summer diet of
foxes (Green and Osborne 1981). A possible explanation for this
is that the foxes may have been avoiding interactions with the
wild pigs that had taken up residence. The red fox is capable of
preying on piglets, hence their presence may not be tolerated by
sows. We do not have the data to test this idea quantitatively.

The bogong moth has been described as a keystone species of
Australian alpine habitats in recognition of its role in transport-
ing energy and nutrients (Green 2011). Being reliant on the
highest points in the Australian Alps for summer aestivation,
bogong moths are clearly a species at risk of suffering under a
warming climate (Green 2010), with possible cascading effects
to species such as the mountain pigmy possum whose summer
diet is heavily reliant on aestivating moths (Broome 2001).
Although we have noted that the single site used by Common
(1954) is probably insufficient on its own to monitor year-to-
year trends in moth abundance, it would be straight-forward to
prevent pigs, but not moths from entering (e.g. using pig-proof
mesh). This would enable legitimate comparison of future data
collected within the moth cave with those of Common (1954).

It certainly appears that during the years 2014 and 2015,
moths arrived about a month earlier atop Mount Gingera than
observed during 1951-52 and 1952-53; this would make sense
in a warming climate with a shorter period of snow cover,
though clearly the strength of this inference is limited by the
number of samples. In contrast, Green (2010) observed that



182 Pacific Conservation Biology

bogong moths were not responding to earlier snow melt, at least
at altitudes 1800-2228 m around Mount Kosciuszko, on the
Main Range ~150 km south-south-west of Mount Gingera.
The same logic, however, doesn‘t explain why it appears that the
moths on Mount Gingera are departing earlier — in fact, it would
predict the reverse.

The bogong moth population faces challenges across its
range, and long-term monitoring would appear prudent. The
aestivation sites atop Mount Gingera would appear to be at the
lower end of the preferred thermal conditions (and, by analogy,
altitude) for the moths, and hence be a key monitoring location
for detecting changes in response to a warming climate.
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