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Bionomics of Austracris guttulosa (Walker) (Orthoptera: Acrididae)
During the 1970-75 Outbreak in Queensland, Australia

R. J. ELDER
Department of Primary Industries, P.O. Box 6014, Rockhampton, Qld 4702.

ABSTRACT

Studies of Austracris guttulosa (Walker) showed that oviposition was dispersed

and never aggregated and that the nymphs were solitary rather than gregarious. Swarms consisted
of overwintering adults in a state of reproductive diapause. Swarms dispersed once sexual maturation
commenced in spring. Local and long distance movements resulted in outbreak expansion from
arid to coastal and subcoastal districts of Queensland. Parasites, parasitoids and predators are listed
and their distribution and effect on locust populations discussed.

Introduction

The spur-throated locust, Austracris guttulosa
(Walker) (formerly Nomadacris guttulosa
(Walker)) (Key and Rentz 1994), has long been
recognised as an occasional serious pest of crops
in northern Australia (Key 1938; Bullen 1968;
Casimir and Edge 1979; Elder ef a/. 1979). Bullen
(1968) summarised the Australian data on
outbreaks during 1935-68 and concluded that five
of the seven outbreak periods in those 33 years
began in years of average or above average rainfall
following drought periods. Outbreaks were
Australia-wide, lasted between 1-5 years and
populations persisted locally for 1-4 years.

Casimir (1962) suggested that, for Chortiocetes
terminifera (Walker), drought periods reduce
populations of both locust and natural enemies.
On the return of favourable conditions, locust
populations are free to increase without the
restriction of natural enemies and a comparable
scenario may operate for A. guttulosa. Differences
in the quality and quantity of food available could
also be a direct effect of drought preceding an
outbreak.

An outbreak of A. guttulosa occurred in
Queensland and New South Wales, Australia from
1970 to 1975 (Casimir and Edge 1979; Elder et al.
1979). Casimir and Edge (1979) and Casimir
(1987) described local and long distance
movements of A. guttulosa in New South Wales.
This paper reports aspects of field biology and
outbreak dynamics during that period. Records of
long distance (300 km) movements in Queensland
presented in this paper complement the
observations of Casimir and Edge (1979) and
Casimir (1987).

Materials and methods

Field studies on A. guttulosa were undertaken
from October 1971 to November 1976 (Elder
1995). Regular collections of locusts were made
from a study area at Barmount (22°32'S,
149°06 'E). Supplementary collections and reports
of swarms and movements of locusts were made
by officers of the Department of Primary

Industries and local residents. In addition, two
major locust surveys were undertaken each year
in November and March. Collections from various
locations were designated as arid, subcoastal and
coastal (Elder 1995).

Collection methods. Samples were taken on foot
using a standard 457 mm diameter black net. At
each site sampling continued for a maximum of
30 min or until 13 males and 13 females had been
obtained. During the first 6 months of the study,
specimens were killed by freezing. Subsequently,
specimens were placed directly into a mixture of
80% ethanol, 3% glacial acetic acid and 17%
water to fix body tissues for dissection and internal
examination.

During 1973-74, the Queensland Government,
and in 1974.75, the Commonwealth and
Queensland Governments combined, provided
compensation to land holders for the cost of
insecticidal control of A. guttulosa and Locusta
migratoria (L.). Records resulting from
compensation claims were also used in studying
the outbreak.

Dissection. Adults were first examined for
ectoparasites, and then dissected by making an
incision along the mid-lateral line on each side of
the abdomen and across the dorsal surface of the
abdomen between the tympanal organs. The head
and thorax were then opened along the dorsal
median line. Nymphs were dissected by making
an incision along the median line of the dorsal
surface from head to abdomen. The presence of
parasitoids was recorded.

Analyses. As there was a low number of
parasitised locusts, the number of locusts and
number of these parasitised were totalled across
6-month periods (1 January to 30 June and 1 July
to 31 December for each year) from the 576
collections made. Logistic regressions were used
to test for differences in levels of parasitism across
time (in 6-month periods), zones (arid, subcoastal
and coastal) and host sex and their interactions for
parasitoids and ectoparasites separately.

Results
Geographic distribution. A. guttulosa was
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Fig. 1. Queensland localities mentioned in text. The stippled area is where large swarms were reported from May to early November
1974. The arrows indicate the direction of movement from this area in late 1974: 1, 12-18 October; 2, 18 October; 3, 12-19
November; 4, 26-30 November; 5, late December. Arrows were inserted only where locust origin and arrival points could be

inferred from reports or direct observation.
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collected throughout Queensland in areas which
included both very high average annual rainfall
(Tully 2,000 mm) and low rainfall (Boulia 257
mm) (Fig. 1). Specimens were usually more
plentiful among denser and taller vegetation, e.g.
around waterholes or along stream banks, than
in sparse or short vegetation. Except for 1971,
which followed a number of years of drought,
swarms (as distinct from loose swarms described
below) were recorded mainly in areas of cracking
clay soils in the arid zone (Fig. 2). The cracking
clay soils support the more nutritious or
productive native pasture communities including
mitchell grass and blue grass (Weston 1990). Loose
swarms, aggregations large and dense enough to
be noticed by the general public, but lacking the
cohesion of normal swarms, were reported from
many coastal locations in 1974,

Behaviour. Oviposition was observed rarely but
never occurred collectively in egg-beds. Females
laying eggs were observed only during the day.
This may have been due to the difficulty of finding
them at night and because of their cryptic
coloration. Females readily and quickly withdrew
their abdomen from the soil and flew off if
disturbed. In flight, such females were easily
recognisable by their abdomens hanging down at
right angles to the head and thorax.

During the study, 177 A. guttulosa swarms were
recorded in the March to November period with
the highest frequency between July and October.
Adults remained sexually immature from March
to late September-November (Elder 1995) and
swarming was recorded only in this period
preceding the onset of sexual maturity. By
December and January, a large proportion of the
population was sexually mature (Elder 1995) which
was coincident with a breakdown of swarming
behaviour. In February, newly fledged sexually
immature adults were incapable of the sustained
flight required for swarm development. They had
soft cuticles and their fat body was undeveloped.

Migration by swarms during warmer weather
was slow (approx. 4-8 km per h) and at estimated
heights of up to 80 m, often with no individuals
flying below 2-3 m. In cold weather, the swarms
were inactive with individuals roosting in belts of
trees, their combined weight occasionally being
large enough to break branches. On warm days,
individuals moved into adjacent grassland or crops
to feed, returning to the trees in mid to late
afternoon. In some areas, extensive feeding on the
trees and shrubs occurred, often resulting in
complete defoliation. In these situations, the only
plant apparently rejected as a food source was the
introduced Nerium sp. (oleander).

Dense infestations of adults and nymphs were
common during the 1973-74 and 1974-75 periods
and even though densities were similar to those of
L. migratoria at that time, nymphs were never
observed moving in dense bands.

Mass displacements. Mass displacement of
populations between early 1974 and February 1975
provided information on the long distance
movements of adults.

Between May and early November 1974, very
large, dense swarms were reported overwintering
west of Hughenden-Blackall (Fig. 1: stippled
area). No large swarms were reported east of this
district. In the infested area between Winton,
Boulia and McKinlay, very dense almost
contiguous aggregations were present. As these
aggregations had been present in the area at least
since the end of the breeding season, it is probable
that they resulted from eggs laid there by the
previous generation.

Movements of 200-400 km to the north and
south-east of this district occurred during 12-18
October 1974 when high density populations
including loose swarms were initially reported in
the Longreach, Barcaldine, Blackall, Aramac (Fig.
1: arrow 1) and Mt. Isa districts (Fig. 1). On 18
October, these was a mass displacement of locusts
over 300-400 km to the east resulting in infestation
of the Emerald, Capella and Clermont districts
(Fig. 1: arrow 2).

During 12-19 November, mass displacements to
the north-east took place and populations invaded
Collinsville, Proserpine, Townsville and Charters
Towers districts (Fig. 1: arrow 3). The source of
these locusts was difficult to ascertain because the
swarms (Fig. 1: stippled area) dispersed with the
October movements (see above) and locusts were
distributed over a very wide area. A survey of the
Boulia and McKinlay districts on 19 November
failed to locate any of the large swarms previously
observed and I believe that this district was the
primary source of the invasion of northeastern
Queensland. By 24 November, no large swarms
were located in any of the Longreach, Windorah,
Quilpie, Charleville, Roma and Springsure
districts and these swarms are believed to have
contributed to an influx into southeastern
Queensland with numerous adults appearing on
the Darling Downs and as far east as Brisbane.

During 26-30 November, an increase in A.
guttulosa numbers occurred along the coast from
Proserpine to Yeppoon (Fig. 1: arrow 4). Further
south, increases in locust numbers were reported
from Biloela, Eulo, Blackall and Charleville on
12 December. In late December 1974, there was
an increase in the density of adult populations in
the Mareeba district (Fig. 1: arrow 5). On 7
January 1975, adult A. guttulosa were reported
washed up on beaches near Ayr. At this time,
fewer aduits were reported along the coast between
Ayr and Rockhampton.

Coincident with the displacements in
northeastern Queensland, movements to the coast
commenced in October 1974 in southeastern
Queensland, east of Charleville.

Movements prior to late November were
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Fig. 2. Distribution of loose swarms and overwinteving swarms of A. guttulosa during 1971-1975. Areas of cracking clay soils
are stippled. Loose swarms (aggregations large enough to be noticed by the general public and reported) are indicated by a

dash over the appropriate year symbol.
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associated with the passage of cold fronts from
west to east (Fig. 3 and Australian Bureau of
Meteorology 3 pm synoptic weather charts for 13
and 17 October and 14 and 26 November 1974).

During a subsequent outbreak in 1995, there
were no similar cold fronts extending into the
tropics and, although large numbers of spur-
throated locusts were present in western
Queensland in 1995, movements similar to 1974
did not occur (Hunter pers. comm.). Cold fronts
as compared to troughs are associated with more
agitated weather conditions. As a result larger
particles are lifted off the land surface into the
atmosphere and presumably this would include
locusts (Australian Bureau of Meteorology,
Rockhampton pers. comm.).

Effect of mass displacements on outbreak
expansion: The A. guttulosa outbreak in 1973-74
was confined to southeastern Queensland whereas
the outbreak in 1974-75 occurred in all crop
growing regions of the state (Elder ef al. 1979).
In 1974-75, for which detailed records are
available (Elder er al. 1979), most spray
applications were made between 1 January and 31
March 1975 on nymphs and newly fledged adults.
These populations were the progeny of adults
which migrated into the cropping areas in the last
quarter of 1974.

Parasites and predators. One ectoparasite, five
parasitoids and five predators were recorded
(Table 1). The host-specific mite ectoparasite
Podapolipoides barmounti Husband (Podapo-
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Fig. 3. Synoptic weather chart for 3 pm 16 October 1974 illustrates a cold front associated with the large scale movement

of A. guttulosa adults. The extension into the tropics is unusual

for cold fronts as this extension usually occurs as a weak trough.
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lipidae) (Husband 1990) occurred throughout the
year on locusts in arid, sub-coastal and coastal
areas. It was found mostly on wing bases and
intersegmental membranes.

Parasitoids were present in all months. Only
Blaesoxipha spp. larvae and Blaesoxipha rufipes
Macquart (= pachytyli Skuse (Pape 1994))
(Diptera; Sarcophagidae) adults were identified
from the arid zone (Fig. 4). Multiple parasitism
was observed with one late instar female nymph
containing three larvae of which two were
Blaesoxipha spp. and one was a tachinid.

Eighteen locusts out of 576 collections had
tachinid eggs (length 0.639 mm = 0.032 mm
(mean + SD), n = 10; width, mean 0.373 mm
+ 0.014 mm, n = 10), possibly of
Phorocerocoma postulans (Walker). Eggs were
attached to body parts in the following numbers:
head (7), thorax (5), eye (3), wing (1), femur (1)
and antenna (1). Tachinid larvae subsequent
emerged from three adult A. guftulosa on which
an egg had been found, but they did not survive
past the puparium stage. This contrasted with
Blaesoxipha spp. which were readily bred out to
adults. Blaesoxipha spp. are viviparous as Cantrell
(1978, 1980) obtained larvae from the abdomen
of both B. rufipes and B. valangae Aldrich (=
similis Cantrell (Papae 1994)).

Parasitism by dipteran parasitoids at three non-
arid locations (Barmount, Emerald and Emerald
irrigation area, 5 km from Emerald) from mid
September to early May indicated that for 1973-74
parasitism rates were substantial, although
parasites were present throughout the period (Fig.
5). In 1974-75, rates were mostly very low from
October to early March after which they built up
to levels similar to those in the 1973-74 season. The
period from mid October to early January 1974-75
was marked by an influx into non-arid areas
(including the three areas above) of very large

numbers of locust adults from the arid areas of
Queensland (Fig. 1) which were largely parasitoid
free resulting in a depression of parasitism level
in the invasion areas (Fig. 5). Collections in early
to mid November 1974 at 16 locations in arid areas
west of Emerald produced one parasitised locust
out of 270 individuals. A similar result was
obtained in early November 1973 when one
parasitoid was found in 158 locusts collected from
eight western locations. By the end of May 1975,
parasitism was as high as 35% (Fig. 5) and there
had been a large decrease in the size of
populations. For the Ayr district, parasitism rates
of 10% were recorded on 24 January and up to
50% by 17 February by which time a general
decline in populations was becoming evident. The
mortality of host populations as a result of
parasitism could exceed the parasitism levels
recorded by 2-3 fold given the high level of
turnover of parasites during the January to
February sampling interval (Kaldor and Baker
1996). Throughout 1975-76, populations of A.
guttulosa were low with no reports of swarms in
Queensland.

Although parasitism levels were higher overall
in coastal followed by subcoastal and then arid
zones, there was a highly significant (P < 0.001)
time by zone interaction for both internal
parasitoids and ectoparasites (Fig. 6) due to
differences in parasitism levels for the zones not
being consistent across time (e.g. in Fig. 6 the three
zones are significantly (P < 0.05) different from
each other for the second half of 1973, while for
the second half of 1975 they are not different).
There was a significant (P < 0.05) sex by time
interaction for ectoparasites because in the last
half of 1972 and 1974 females had higher
parasitism levels than males. The reason for this
could not be explained.

The egg parasitoid Scelio bipartitus Kieffer was

Table 1. Parasites, parasitoids and predators of 4. guttulosa recorded between October 1971 and November 1996 in Queensland.

No. of collections

Agent out of 597 Notes
parasitised

Ectoparasite

Podapolipoides barmounti Husband (Podapolipidae) 135 Maximum 50% parasitised at any 1 site

Parasitoids

Gordius sp. (Gordiidae) 1 From coastal swampy habitat; Nematomorpha
(gordioid worms)

Blaesoxipha spp. (Sarcophagidae) 40 Mixed B. rufipes and B. valangae and possibly
B. hardyi Lopes

B. rufipes Macquart 13

B. valangae Aldrich 6

Phorocerosoma postulans (Walker) (Tachinidae) 30

Mixed dipterous larvae 46 Not identified

Scelio bipartitus Kieffer (Scelionidae) 1 One egg pod parasitised out of the few egg

Predators
Macroderma gigas Dobson (Megadermidae)

Cracticus nigrogularis (Gould) (Cracticidae)
Gymnorhina tibicen (Latham) (Cracticidae)
Threskiornis spinicollos (Jameson) (Platalidae)
Milus migrans (Boddaret) (Accipitridae)

pods found

Ghost bat; A. guttulosa may make up a large
percentage of diet between September and
December (J. Toop pers. comm.)

Butcher bird; Aves

Australian magpie; Aves

Straw-necked ibis; Aves

Black kite; Aves
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recorded from Emerald from one of the less than
30 egg pods found. This is a new host record for
S. bipartitus, a widely distributed species in eastern
Australia (Baker ez al. 1996). It is unlikely to have
a significant effect on populations because of the
solitary laying habits of 4. guftulosa.

One mammal and four bird predators were
recorded (Table 1), none of which are likely to
significantly affect populations during outbreaks
due to their inherent inability to increase their
population size at a rate commensurate with their

prey.

pNormanton

O pOD

Discussion

While fitting the definition of a locust (a
grasshopper that swarms), A. guttulosa lacks a
number of characteristics normally associated with
locust populations (Table 2). These differences
need to be considered in designing control
programs.

This study and the studies of Elder (1989, 1995)
indicate that slow moving swarms which occur
from March to November should be controlled if
they occur in or near cropping areas (within 10-30
km) depending on topography, time of year,

o

7///34@@
/ 2

146° 152°
o P postulans
¢ Blaesoxipha spp
» Brufipes
2 B.similis
5 ‘«Not identified 18°

SJownsville

Fig. 4. Geographic distribution of identified dipterous internal parasites of A. gurtulosa.
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direction of movement, and organisational and
political considerations. Control should be
undertaken before the swarms disperse with the
onset of sexual maturation from October to
December. Destruction of swarms distant from
crop areas is unwarranted, as there is a low
probability that they will eventually reach crops.
If they do, it is usually by means of long distance
flights by solitary individuals. A. guttulosa is
univoltine and these solitary individuals do not

reform swarms; any subsequent swarms in the
invasion areas are the result of successful breeding
over the summer-autumn period and swarm
formation by individuals of the next generation
during autumn-winter. This is quite unlike other
locusts such as L. migratoria and C. terminifera
which are multivoltine and can breed and form
swarms in the same season (Baker and Casimir
1985). Baker and Casimir (1985) suggested a
similar strategy for control of A. guttulosa swarms

Table 2. Comparison of characteristics commonly associated with locusts to those of A. guftulosa.

Characteristics commonly associated
with locusts (Uvarov 1966)

Characteristics of A. guttulosa

Phase polymorphic

E/F* and F/C** ratios vary with phase

Colour of adults and nymphs varies with phase
Sexually mature adults may swarm

Nymphs may form dense bands

Oviposition by swarms in egg-beds

Phase polymorphism not observed

E/F and F/C ratios constant (Elder 1996)

Colour of adults and nymphs independent of behaviour (Elder 1989)
Sexually mature adults disperse

Nymphs never in dense bands

Individual oviposition sites widely separated

*E/F, elytron length/femur length ratio; **F/C, femur length/head capsule width ratio.
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(without distinguishing between cropping and non
cropping areas).

Outside the March to November period, any A.
guttulosa control should be regarded as crop
protection as practised for any other mobile,
solitary, agricultural pest. During outbreak control
campaigns, Baker and Casimir (1985) suggested
that control of nymphs is impracticable. However,
control of nymphs of A. guttulosa may be
necessary, when seedling crops are invaded from
surrounding grassland or grassed contour banks
(Elder et al. 1979). Similarly, solitary adults can
cause problems during this period. Under these
circumstances, farmers are best placed to
undertake control.

Records of swarming populations suggest that
A. guttulosa outbreaks in coastal and subcoastal

zones during the summers of 1973-74 and 1974-75
(Elder et al. 1979) originated from high density
populations, first recorded the previous winter as
swarms in the central western areas of Queensland
within the arid zone (Fig. 2). In 1994-95, at least,
these locusts migrated as individuals, in association
with the passage of a series of cold fronts, to coastal
and subcoastal districts (the non-arid zone) during
October-January and oviposited there. Their
progeny were responsible for the majority of
resultant crop losses. These coastal/subcoastal
populations did not survive at densities sufficiently
high to form overwintering swarms. Some of the
reasons for failure to survive in the non-arid zone
were internal parasitism (Fig. 6), suicidal migration
of adults out to sea, and predation. The effect of
ectoparasities is unknown.
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Fig. 6. Internal parasitism (%) and external parasitism (%) of A. guttulosa in three zones over time. Note that parasitism
levels tend to be hlgher in the coastal zone followed by the subcoastal and then the arid zone. The pomts indicate the estimated
(by logistic regression analysis) per cent parasitism based on the number of individuals (indicated in internal parasites) for
that zone over the relevant 6-month period. Points with the same letter within each 6-month period were not significantly
different (P < 0.05). The tick marks along the x axis are for each 6-month period with the first data points for 1 July to

31 December 1972.
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Farrow (1979) noted the importance of cold
fronts and associated disturbed weather in the
movement and survival of C. fterminifera.
Downwind displacement in disturbed weather
results in the concentration of locusts in an area
where rain is likely to have fallen. This is extremely
important behaviour for survival in an arid region.
The daytime movements of A. guttulosa swarms,
as distinct from night flights of dispersed locusts
recorded by Casimir and Edge (1979), were from
north to south and were associated with a deep
low pressure system south of Australia and a
persistent northerly airflow over eastern Australia.
These daytime movements were not associated
with a cold front. Casimir (1987) recorded similar
north to south movements of swarms. Movement
of swarms was generally slow and the distances
involved less than 20 km/d. Casimir showed that
large scale dispersal flights occurred mainly at
night following the onset of sexual maturation in
late October continuing into November and
December 1974. One of these movements of
dispersed individuals was large, with locusts
appearing up 350 km to the east of Casimir’s
(1987) study location and this was also associated
with a cold front (Australian Bureau of Meteor-
ology synoptic chart 3 pm 13 November 1974).
This movement occurred at the same time as the
west to east movements, some 1,000 km to the
north, reported here.

The tachinid parasite P, postulans was collected
only from A. guftulosa in non-arid zones, while
Blaesoxipha spp. parasitised A. guttulosa in both
arid and non-arid zones (Fig. 4). A reduction in
internal parasitism rates in non-arid zones was
coincident with an influx of adults from the arid
zone in the period October 1974 to January 1975,
implying the immigrant individuals were relatively
free of parasitoids. By the first 6 months of 1975,
locusts collected from the three zones had similar
internal parasitism levels (Fig. 6).

With the exception of 1968, the years 1965 to
late 1970 were drought years (Robinson 1976).
Swarms of A. guttulosa which occurred in the dry
winter of 1971 originated in a non-arid zone (area
centred on Clermont) where, on the above
observations, high parasitism levels should have
reduced locust numbers to below swarming levels.
The development of swarms in the non-arid zone
probably occurred because of a temporary shift
towards the coast of the arid zone boundary
leading to a decline in the size of parasitoid
populations. I observed a similar development of
swarms in the Clermont district following a
number of years of drought in 1995.

The parasitoids recorded in this study are
generalists, B. rufipes has a wide distribution in
Afrotropical, Palaearctic, Oriental and Austral-
asian/Oceanian regions and a wide host range in
grasshoppers and locusts including all the
economically important acridid species in

Australia (Allsopp 1978; B. K. Cantrell pers.
comm.; Baker 1995). It was much more frequently
encountered than B. valangae. B. hardyi Lopes
has also been recorded from A. guttulosa in the
Kimberleys (Western Australia) and Barkly
Tablelands (Northern Territory) (Cantrell 1978,
1980; Pape 1994). P. postulans occurs in
Queensland, the Northern Territory, Papua New
Guinea, the Solomon Islands and is widespread
in the Oriental and Afrotropical regions (B. K.
Cantrell pers. comm.).

Importantly, B. rufipes has a very rapid larval
development time (3.75 d at 35°C and 7.9 d at
20°C; Baker 1995). This rapid turnover of
parasitic stages and unsynchronised development
allow this parasitoid to rapidly reduce host
populations when environmental factors are
suitable (Kaldor and Baker 1996). This is especially
true of A. guttulosa, given an annual life-cycle in
which only sexually immature adults are present
from April to October providing 6 months prior
to sexual maturation in which a parasitoid induced
decline may impact on the population dynamics
of the host.

Acknowledgments

I'thank Drl. J. Titmarsh who commented on the manuscript,
Dr B. K. Cantrell who identified the dipterous parasites and
also commented on the manuscript, Mr R. Wicks who assisted
with the work, and Ms K. Bell for advice on all statistical
aspects. I acknowledge the help, encouragement and
constructive comments of Emeritus Professor D. S. Kettle.

References

Arisorp, P. G. (1978). Seasonal history, hosts and natural
enemies of Monistria discrepans (Walker) (Orthoptera:
Pyrgomorphidae) in south-west Queensland. J. Aust. ent.
Soc. 17: 65-73.

Baker, G. L. (1995). Larval development of Blaesoxipha
pachytyli (Skuse) (Diptera: Sarcophagidae), a parasite of
grasshoppers and locusts (Orthoptera: Acrididae) in
Australia. J. Aust. ent. Soc. 34: 129-133.

Baker, G. L. and CasiMir, M. (1985). Current locust and
grasshopper control technology in the Australasian Region.
In Nickle, D. A. (Ed.) Proc. 4th triennial Meeting Pan,
Amer. Acridol. Soc. Saskatoon Canada: 191-220.

Baker, G. L., Dysart, R. J. and Picorr, R. G. (1996).
Parasitism of grasshopper and locust eggs (Orthoptera:
Acrididae) by Scelio species (Hymenoptera: Scelionidae)
in southern Australia. Aust. J. Zool. 44: 427-443.

BurLen, F. T. (1968). Report on an outbreak of the spur-
throated locust (Austracris guitidosa Walk.) in the East
Kimberley region of Western Australia. Unpublished
CSIRO Division of Entomology report: Canberra.

CANTRELL, B. K. (1978). A new species of Blaesoxipha Loew
from Australia (Diptera: Sarcophagidae). J. Aust. ent. Soc.
17: 363-366.

CantrELL, B. K. (1980). Larvae of Blaesoxipha Loew
(Diptera: Sarcophagidae) and an unidentified tachinid
(Diptera) parasitic in Acrididae (Orthoptera) in Australia,
J. Aust. ent. Soc. 19: 217-221.

Casimir, M. (1962). History of outbreaks of the Australian
plague locust, Chortoicetes terminifera (Walker), between
1933 and 1959 and analysis of the influence of rainfall on
the outbreaks. Aust. J. agric. Res. 13: 674-700.

Casivir, M. (1987). Plague locusts in New South Wales:

85UB0 | SUOLLLOD BAIEBID) 3|edtdde U A pauienob 81e sapiie YO 88N JO SaIn1 104 Akeiq 1 8UIUO AB]IA UO (SUOIPUOD-PUe-SWS}W00 A3 ] 1M ALeq 1 BUIIUO//SANY) SUOHPUOD PUe SWIB | 8U1 885 * [7202/60/8T] U0 AfiqIT 8UIIUO AB|IM ‘SOIAIBS UOIRULIO | Yo1easay AQ X ZErTOY L66T 'SS09-0vT [TTTT 0T/10p/woo A8 M Aseq1pul|uoj/sdny woiy papeojumod ‘T ‘266T ‘SS0907T



BIONOMICS OF AUSTRACRIS GUTTULOSA 67

Studies on the migration and displacement of populations.
Sci. Bull. Dept. Agric. N.S.W. 91: 1-21.

CasmmIrR, M. and Epck, V. E. (1979). The development and
impact of a control campaign against Austracris guttulosa
in New South Wales. PANS 25: 223-236.

Evper, R. J. (1989). Laboratory studies on the life history of
Nomadacris guttulosa (Walker) (Orthoptera: Acrididae).
J. Aust. ent. Soc. 28: 247-253.

Eiper, R. J. (1995). Temporal incidence and sexual
maturation of Austracris guttulosa (Walker) (Orthoptera:
Acrididae) in Queensland, Australia. J. Aust. ent. Soc. 34:
309-317.

ELbER, R. 1. (1996). Morphometrics of field populations of
Austracris guttulosa (Walker) (Orthoptera: Acrididae) in
Australia. Aust. J. Ent. 35: 345-347,

ELDER, R. J., SaBing, B. N. E. and Wicks, R. (1979). Control
strategies for locusts in Queensland. Queensland
Department of Primary Industries, Agriculture Branch
Project Report No. P-5-79: Brisbane.

Farrow, R. A. (1979). Population dynamics of the Australian
plague locust, Chortoicetes terminifera (Walker), in central
western New South Wales 1. Reproduction and migration
in relation to the weather. Aust. J. Zool. 27: 717-745.

Hussanp, R. W. (1990). New species of Podapolipoides

(Acari: Podapolipidae), ectoparasites of grasshoppers
(Orthoptera: Acrididae) in Australia and New Zealand, with
keys to world species. Ann. ent. Soc. Am. 83: 371-393.
KaLpor, C. J. and Baker, G. L. (1996). Estimation of
mortality of Chortoicetes terminifera (Walker) (Orthoptera:
Acrididae) from parasitism by Blaesoxipha rufipes Macquart
(Diptera: Sarcophagidae). Gen. appl. Ent. 27: 49-56.
KEy, K. H. L. (1938). The regional and seasonal incidence of
grasshopper plagues in Australia. Bull. CSIRO No. 117.
Key, K. H. L. and Rentz, D. C. F. (1994). On the scientific
name of the Australian “spur-throated locust’” (Orthoptera:
Acrididae). J. Aust. ent. Soc. 33: 345-346.
Parg, T. (1994). The world Blaesoxipha Loew, 1861 (Diptera:
Sarcophagidae). Ent. scand., Suppl. 45: 1-247.
Rosinson, I. B. (1976). Drought—probabilities and
preparedness. Internal Report, Division of Land Utilisation,
Queensland Department of Primary Industries: Brisbane.
Weston, E. 1. (1990). Native pasture communities. In
Burrows, W. H., Scanlan, J. C. and Rutherford, M. T.
(eds.). Native pastures in Queensland. The resources and
their management: 21-33 Queensland Department of
Primary Industries: Brisbane.

(Accepted 13 September 1996)

85UB017 SUOWILIOD 3A1e81D 8|qedljdde ay) Aq peusenob ase ssoie YO ‘SN J0 Sa|ni oy AreiqiT8ulUO A8]1A UO (SUOTPUOD-PUR-SLLBIWI0D A3 1M ARIq 1 U1 IUO//SANY) SUORIPUOD PUe SWie | 3y} &8s *[i7202/60/8T] Uo AreiqITauljuo A3|1M '801ABS LOTLLIOU| Yo1eesay AQ X'ZEKTOOY Z66T'SS09-0vT [TTTT 0T/I0p/w0d A3 1M Atelqijeul|uo//sdny woly papeojumoq ‘T *266T ‘SS090VYT



