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Abstract In rabbit-prone areas of the South Island
of New Zealand, a field survey was undertaken of
the incidence, relative abundance and seasonality of
possible rabbit haemorrhagic disease virus (RHDV)
vectors, blowflies (Diptera: Calliphoridae) and
fleshflies (Diptera: Sarcophagidae). Flies were
trapped over a 4-day period each month for a year
except during the winter months. Liver-baited West-
ern Australian fly traps were set in Marlborough
(three sites), the Mackenzie Basin (three sites) and
Central Otago (six sites). Eight species of
calliphorids (blowflies) and the sarcophagid
(fleshfly), Hybopygia varia (Walker) were trapped.
Numbers were generally higher at shrubby or grassy
sites compared with bare open sites with little veg-
etation. More H. varia were trapped at sites grazed
by cattle than at other sites. In March and Novem-
ber 1999, and January 2000, sticky traps attached to
cages containing either a dead, live, or no rabbit were
set up at two of the Central Otago sites where rabbit
control had been poor (Sugar Loaf), and good
(Locharburn), respectively. Blowflies were more
abundant on sticky traps at the Locharburn site than
at Sugar Loaf. Both groups of flies were attracted in
significantly greater numbers to dead rabbits com-
pared with live rabbits and empty cages. No evidence
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of RHDV was found on flies from either site, on any
of the three dates. The implications of these results
are discussed in the context of rabbit biological con-
trol.
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INTRODUCTION

Little is known about the mechanism(s) of field
transmission of rabbit haemorrhagic disease virus
(RHDV) in New Zealand, particularly the role that
insects might play in transmitting virus, and hence
in disease spread. Before RHDV was introduced to
New Zealand, eight species of Diptera were
identified as possible vectors for the virus including
Lucilia cuprina (Wiedemann), L. sericata (Meigen),
Calliphora stygia (F.) and Hybopygia varia (Walker)
(Crosby & McLennan 1996). In Australia,
calliphorid and muscid flies, mosquitoes (Cook
1997) and fleas (Sinclair et al. 1998) have been
shown to be capable of carrying RHDV. Asgari et
al. (1998) found that "flyspots" (oral and anal
secretions from flies) contained viable virus and that
they may be a major source of oral and conjunctiva]
transmission of RHDV to rabbits. A European study
found that conjunctival infection of rabbits was
possible with about 100 virus particles, and that
Phormia spp. (Diptera: Calliphoridae) transmitted
RHDV to susceptible rabbits 7 h after contamination
with virus material from dead rabbits (Gehrmann &
Kretzschmar 1991). Asgari et al. (1998) found that
flyspots produced by C. stygia and Chrysomya
rufifacies contained virus for up to 9 days.

Since the introduction of RHDV in New Zealand
in 1997, studies have been undertaken to determine
the role of insects as vectors. Heath et al. (1998)
reported on the species of flies visiting rabbit carrion
at two sites in Central Otago. Seven species of
Calliphoridae were trapped, and reverse transcriptase
polymerase chain reaction (RT-PCR) techniques
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Fig. 1 Map of the South Island, New Zealand, showing
the location of the trapping sites (open squares).

have shown that virus was found in the four most
commonly trapped blowflies, Calliphora vicina, C.
stygia, C. quadrimaculata (Svederus) and L.
sericata. The most frequently positive for RHDV
was L. sericata.

In a field trial at Dunback, North Otago, where
rabbit haemorrhagic disease (RHD) was prevalent,
uninfected live rabbits were placed in cages with
small and large mesh sizes so that they were either
exposed to, or protected from flies (Barratt et al.
1998). Rabbits became infected only in the cages
where they were exposed to flies, suggesting that
insects were transmitting virus. The species
considered most likely to be involved in transmission
at that site was H. varia. This was the only species
apparently attracted to the live rabbits, and RT-PCR
carried out on specimens from the cages, and from
baited traps in the trial area, tested positive for
RHDV (Barratt et al. 1998). H. varia breeds mainly
in cattle dung and behaves in a similar way to the
"bush fly" (Musca vetustissima Walker) in Australia,
which can pick up virus from mucous membranes
such as around a rabbit's eyes and nose (B. Cooke
pers. comm.).

The objectives of this study were to identify the
most prevalent calliphorid and sarcophagid species
living in the rabbit prone areas of the South Island
of New Zealand, and provide information on their
seasonal abundance and incidence in relation to
habitat. At two of the Central Otago sites surveyed,
where either good or poor rabbit control had been
achieved with RHDV respectively, an experiment
was designed to determine the species composition
and relative abundance of calliphorids and
sarcophagids attracted to live and dead rabbits, and
to determine whether RHDV was carried by the
flies trapped. The aim of this investigation was to
identify management options for enhanced rabbit
control.

METHODS

Fly trapping
Sites for fly trapping in rabbit-prone areas of Central
Otago, Mackenzie, and Marlborough (Fig. 1; Table
1) were selected to cover three main habitat types:
developed open pasture; shrubby pasture, and open,
undeveloped sites (Table 1). Sites were grazed by
cattle or sheep, and two sites were unstocked (Table
1). At each of the 12 survey sites, a line of five
Western Australian (WA) fly traps (Muirhead
Thomson 1991) was set, at least 200 m apart. These
were operated for one 4-day period each month,
mostly set up on the same day at each site, from
February 1999 to May 1999, and from September
1999 to January 2000 (extended to February 2000
for the Central Otago sites). For the first 4 months,
individual traps were relocated by one position
along the transect after each trapping period. A
restricted maximum likelihood (REML) variance
components analysis (Robinson 1987) of loge

blowfly numbers carried out for H. varia and the
calliphorid species combined showed that the
location/trap number interaction was not significant
after these four trapping dates. This indicated that
there was no trap bias, so trap rotation was
discontinued.

The WA fly traps were baited with liver mixed
with sodium sulphide (Cole 1996) and the bait
mixture was "conditioned" before use by being
removed from the freezer and left at room
temperature for 24 h, allowing renewed bacterial
action to enhance its attractiveness to flies. Addition
of sodium sulphide has been shown to increase the
attractiveness of liver to L. sericata, and maintain


