
Australian Cotton CRC

Enhancing the Impact of Early Season Predation on
He"coverpaspp

FINALREPORT

CRC, 7C

August2004

The information, advice and/or procedures contained in this publication are provided forthe sole purpose of disseminating
information relating to scientific and technical matters in accordance with the functions of CSIRO under the Science and
Industry Act 1949. To the extent permitted by aw CSIRO shall not be held liable in relation to any loss or damage incurred by
the use/or reliance upon any information advice and/or procedures contained in this publication.
Mention of any product on this publication is for information purposes only and does riot constitute a recommendation of any

such product either express orimplied by CSIRO.

CSIRO

Sarah ansfield,
CSIRO Entomology, Narrabri, NSW



6:1^^^^^^I
Rus'anco&rimmonnmr

Portl - Sz, minoryDet@its

Please use your TAB key to complete Ports I & 2.
CRC17CCanC ProjectNumber:

. Due30-SeptemberAnnual Report:

. Due31-JanuaryProgress Report:

I>^ Due30-SeptemberFinal Reports

(or within 3 months of completion of project)

Project Title:

Annual, Progress and Final Reports

REPORTS

Project Commencement Date: 16 January 2001

Project Completion Date: 161anuary2004

3 Crop ProtectionResearch Program:

Port2 - Contact Details

Administrator:

Organisation:
Postal Address:

Ph: (02) 6799 1592

Enhandrigftieimpactofearlyseasonpredationon
Hencooerj?, I spp.

Principal Researcher:

Organisation:
Postal Address:

Phi +64 7 343 5775

Kym Onnan (CRC Executive Officer)
Australian Cotton CRC

Locked Bag 59, NanabriNSW2390
Fax:(02) 6793 1186 E-mail: Kym. on"an@.^itoa"

Supervisor:

Organisation:
Postal Address:

Phi (02) 6246 4406

Dr Saran Mansfield

CSRO Entomology (now at Forest Research)

Private Bag 3020, Rotorua, New Zealand
Fax: +647 3480952 E-mail: saran. mansfield@foresti. esearch. co. nz

Researcher 2

Organisation:
Postal Address:

Ph: (02) 6799 1550

Dr GeoffBaker, SeniorPrincipalResearch Scientist

CSRO Entomology
GPO Box 1700, Canberra, ACT 2601

Fax:(02)62464407 E-mail: G^. ff. Bater@,^ir. .an

Signature of Research Provider Representative:

Dr Lewis Wilson, Principal Research Scientist

CSRO Plant industry

Locked Bag 59, NanabriNSW2390

Fax:(02) 6793 1186 E-mail: Layi^. wits'"@,^it, a"



Port3.3 - FinalR, ;I, orts

I. ProjectBackground

Eggs and larvae of Hencoveip@ spp. are preyed upon by a diversity of insect predators in
cotton (Johnson at a1. 2000). Predators can cause significant mortality to Hencoveip@ spp. ,
thereby reducing their abundance in the field (Room 1979, Bishop and Blood 1981, Scholz at
at. 2000, Wade at a1. 2002 and 2003). Techniques have been developed to incorporate the
general contribution of predators into pest control decisions such as the predator to pest ratio
(Mensah 2002a) and the use of Iuceme refuges to provide an 'on-farm' source of predators
(Mensali 2002b). The assassin bug has been identified as a potential predator of Heircove, ;PC
spp. larvae, if assassin bug populations within cotton crops can be augmented artificially
through massrearing programmes (Grundy and Maelzer 2000). Anecdotal evidence suggests
that selective removal of ants results in higher survival of Hencoverp@ spp. However current
understanding of the behaviour, ecology and impact of individual predator species is himted.
This hinders our ability to conserve predators, by modifying some agricultural practices, and
to build on the predator/pest ratio to actively incorporate particular predator species or groups
into pest management strategies.

Agricultural practices can affect predator species diversity, and predator-prey dynamics. The
use of insecticides is an obvious exaniple (Lytton-Hitchins and Wilson 1999, Ma et a1. 2000)
but other coriumon practices such as soil cultivation can also affect predators (HUIugalle at al.
1997). While an understanding of these effects is important, we also need more infonnation
on predator behaviour, particularly in relation to prey consumption in order to make
predictions about the impact predators have on Hencoverp@ spp. This requires a greater
understanding of predator behaviour as well as the interaction between availability of
alternative prey and predation on Hencoverp@ spp. However predation is difficultto measure
under natural conditions because predators are often cryptic, secretive or nocturnal. Unless
observed in the act of feeding upon a prey item, predators leave little trace of their activity.
Direct observation is a useful but time-consulntng way to quantify predator behaviour. The
development of serological techniques (ELISA) to detect prey in the gilt contents of
individual predators is a significant advance in the assessment of predation because these
methods provide a direct link between predator and prey (Greenstone 1996). initial
investigations by DrLytton-Hitchins (project CSE69C) demonstrated the potential for ELISA
tests to quantify predation on Hencove, p@ griniger@.

Efficient, accurate methods to monitor the abundance of beneficial arthropods are also
important, if predators are to be fully incorporated into grower pest management strategies.
Dr Brad Scholz and colleagues (QDPl) have pioneered the use of a beatsheetto measure the
abundance of beneficial arthropods (Scholz at a1. 2001). A greater understanding of predator
ecology combined with improved monitoring methods and new technologies that help
conserve predators (e. g. selective insecticides, ingard cotton and sinbble retention) could
greatly enhance the contribution of predators to management of Hencover;PC spp. in cotton.

This project investigated how key insect predators contribute to the suppression of
Hencoverp@ spp. in cotton and explored the interactions between predator abundance,
agronomic practices and predation of Hencove, PC eggs and larvae. The key beneficial groups
investigated were predatory beetles, predatory bugs and ants. Several important
collaborations were also developed which contributed additional information or resources to
the project.



2. Project Objectives and Achievements

AIMS

I. To investigate the behaviour and ecology of key predators in relation to the
suppression of Hencoverp@ spp.

2. To explore the interaction between predator abundance, agrononxic practices and
predation of Hencoveip@ eggs and larvae.

3. To detemiine whether a greater diversity of insect predators results in greater
predation.

MILESTONES

2000-01.

a. Finalise development of ELISA technique for a range of coccinellid species and begin
development for otherspecies (follows from CSE69C).

b. Set up initial experiments to quantify the effects of individual predator species or
groups of species.

200, .-02

a. Undertake initial field experiments on the impact of agronontic practices on predator
abundance and diversity and Hencoveip@ spp. mortality due to predation.

b. Finalise observations on predation on Hencoverp@ spp. by ants and other early season
predators (follows from CSE69C).

c. Set up a second set of experiments to quantify the effects of individual predator
species or groups of species.

2002-03

a. Undertake further field experiments on the impact of agronointc practices on predator
abundance and diversity and the levelofpredation on Hencoverpo spp.

b. Set up a third set of experiments to quantify the effects of individual predator species
or groups of species.

c. Set up initial experiments to look at the effect of the availability of alternative prey on
the level of predation on Heircove, p@ spp.

2003-04 (to 2"' week in January 2004)
a. Finalise experiments on the effects of agronomic practices.
b. Complete second experiment to look at the effect of the availability of alternative prey

on the level of predation on Hencove, p@ spp.
c. Develop recommendations for industry on fanning systemu to conserve or enhance

the impact of early season predation on Hencoverp@ spp. mortality.



S ary of project achievementsincludirig related collaborations

ELISA protocols developed and canbrated to establish detection Iiimts for 10
coriumon predator species. This procedure uses a monoclonal antibody specific to
Hencove, po grinigero to detect predation on eggs and larvae of this pest.

Calibration of an ELISA protocol for the assassin bug, Prtsthesoncz, s PI@gjpen"is, a
potential agent for augmentative release against cotton pests (in collaboration with Dr
panl Grundy, QDPl).

Collections of insect predators for ELISA over two full cotton seasons (2001-02 and
2002-03)to quantify predation onH. grunger@ using the monoclonal antibody.

Measurement of predation on H. grinigero (using the monoclonal antibody) when pest
numbers were augmented by placing H. griniger" eggsinto the cotton crop.

Development and field trial of an alternative ELISA method that uses rabbit proteins
as a marker for potential prey, then detects presence of the rabbit protein in predators
that have consumed marked prey (in collaboration with Dr James Hagler, UsDA).
The detection rates of the two ELISA methods were compared using laboratory-fed
and field collected predators.

Measurement of predator diversity and abundance over two cotton seasons (2001-02
and 2002-03) under different agrononxic conditions. This led to an assessment of the
Beneficial Disruption Index as a measure of insecticide impacts on beneficial
arthropods in cotton crops (in collaboration with Mr Martin Dinon and Dr Mary
Whitehouse, CSRO Entomology).

A series of laboratory, glasshouse and field experiments to exaniine predation by
native coccinellids on H. griniger@ eggs and the cotton aphid, Aphis gossypti.

Development of rearing methods for the bigeyed bug (Geocoris I"bra) and a
laboratory investigation of predation by this species on H. gnuiger" eggs and larvae.
Results from this work will be published in collaboration with Drs Brad Scholz and
Marie-Louise Johnson (QDPl).

investigation of ant behaviour and predation on H. griniger@ eggs under different
agronontic conditions (a CRC Sunrrner Scholarship project that followed on from
project CSE69C). Findings from this project are summarised in the Sunuiler
Scholarship Final Report to the CRC and have been published in the Australian
Journal of Entomology.

Comparison of the beat sheet method with visual and suction sampling for the
measurement of beneficial adjrropod abundance (a collaborative CRC Summer
Scholarship project with Mr Martin Dinon, CSRO Entomology, and Ms Sandra
Deutscher, CSRO Plant industry). Findings from this project have been SUITmiarised
in the Summer Scholarship Final Report to the CRC and several industry publications.

All publications arising from this project and related collaborations are listed in
section 9.

.



3. Methods

a) Detection of predation onH. cruztger@ using a monoclonal antibody

Most predators used to develop and canbrate the ELISA protocols were collected from crops
at ACRl using a beatsheet or sweepnet. P. pingjpen"is were provided by Dr Paul Gnindy
(QDPl). The monoclonal antibody (Mab) used for the indirect ELISA assays was developed
by Stephen Trowell(CSRO Entomology) and cottaborators (Trowell at a1. 2000). The Mad
responds specifically to H. grunger@ and not H. punctiger@.

individual predators were crushed in buffered saline solution (5001LL, pH of 7.5) and
centrifuged to separate out large debris. Each predator was assayed only once. Assay plates
were incubated at 25'C for all predatory beetles and at 4'C for all predatory bugs throughout
the procedure. A loonL anquot of each macerated predator was placed in a wellon a 96-well
assay plate and incubated overnightto allow antigens to bind to the assay plate. The next day,
a I% solution of non-fat dry lullk in distilled water was added to each well for Ih to block
unoccupied antigenic sites. Then loonL of the primary Mab was added to each well for 2h, to
bind with any H. griniger" antigens present. The plate was washed with buffered saline
solutions before the addition of the secondary antibody to each well for Ih (1001LL, diluted
1:500 in I% non-fatrntlk). This secondary antibody forms a link between the primary Mab
and the colour reagent used to visualise positive reactions. The plate was washed a second
time before the colourreagent (loonL of 111^P substrate solution) was added to each well for
2h (Ih for N. kinbergii and P. pingjpennis). The absorbance of each well was read using a
Benchmark Microplate reader set at 4/5 rim. Every plate included negative controls, positive
controls and reagent blanks to provide confirmation that all reagents were working
satisfactorily and to canbrate the plate reader.

To establish the expected absorbance from the target prey H. griniger@ eggs and neonate
larvae were assayed using this ELISA protocol. A range of insects commonly found in
Australian cotton crops was also subjected to ELISA to deternitne whether false positives
might occur following consumption of prey other than H. griniger". To measure the decay
period of the antigen, individual predators were held in a petri dish (50mm diameter) with a
single H. grintger@ egg or neonate. The predators were checked approximately every 15
minutes and if the prey was nitssing then consumption was assumed. Predators were kept
isolated prior to these tests and provided with aphids and water for 72 hours (G. 11, br@ and N.
kinbergti) or with water only for at least 24 hours (D. belli, jus). Fed predators were frozen at
intervals from 0-48h after consumption of H. grintger" and kept at - 80'C until assayed. A
subsarnple of individuals from each species was frozen after the isolation period to act as
controls. A predator was considered positive for H. grintgero if its absorbance was greater
than three standard deviations above the mean absorbance of all controlspecimens tested.

Predators were collected from cotton crops at ACRl and commercial farms in the 2001-02
and 2002-03 cotton seasons. The predators were collected directly from beatsheets, stored in
liquid nitrogen at the field site then transferred to a -80'C freezer in the laboratory. Visual
checks were also made to collect eggs and larvae of Hencoverp@ spp. and detemiine the
proportion ofH. grunger@ present at the time of predator collection. in addition, H. auntger@
populations were augmented in two areas of unsprayed conventional cotton (Field A1 and
Block 17) at ACRl during the 2002-03 season. in each area a 10 row x 10 in section was
marked out and H. grinigero eggs added at a density of 10 eggs/in row. The eggs were
attached to paper towel(5 eggs/piece, 2 pieces/in) and stapled to the leaves of the plants. Six
beat sheet samples were taken from each section and predators collected 24h after the eggs
were set out. Control areas of Field A1 and Block 17 that did not receive additional H.

glintger@ eggs were sampled simultaneously and. predators collected (6 beat sheets/area).
This procedure wasrepeated three times overthe season in December, January and February.



by Detection of predation on, ;I. armtger@ using rabbit protein to mark the target prey

The following protocolis based on methodology developed by James Hagler cosDA) to
measure predation on cotton pests in Artzona (Hagler and Durand 1994, Hagler and Miller
2002).

Rabbit protein marker(rabbitlgG) was diluted in deionised water and applied to H. grunger@
eggs at a rate of 5 ingl'rill, using a perfume atomiser. in the laboratory clusters of
approximately 5-10 marked H. grunger@ eggs were fed to the predatory beetles Dtcr""o1ai"s
belli, Jus and Hippod"into variegata. The predators were held in individual petri dishes and
observed untilthe eggs were consumed. Fed predators were frozen at -80'C at 0, I, 2, 4 and
24h after eating. Each predator was subjected to two assays: the indirect ELISA described
previously to detect H. griniger" and a sandwich ELISA to detectthe rabbit protein marker.
The duplicate assays allow a direct comparison of detection rates for both ELISA methods.

Predators were prepared for this ELISA in a similar fashion to the indirect ELISA (i. e.
crushed in buffered saline solution and centrifuged). The firststage of the sandwich ELISA to
detect the rabbit marker was to coat the assay plate with anti-rabbit IgG (the primary
antibody, 100FLL per well) and incubate the plate overnight at 4'C. The next day, a 19''0
solution of non-fat dry milk in distilled water was added to each wellfor 30 min at 27'C
to block unoccupied sites. Then a loonL anquot of each crushed predator was added to each
well and incubated for I h at 27'C to allow antigens to bind to the primary antibody. The
plate was washed with buffered saline solutions before the addition of the secondary antibody
(rabbit IgG conjugated to 111^. P) to each well for Ih at 27'C. This second antibody fomns a
link between the rabbit protein (which is already bound to the primary antibody) and the
colour reagent. The plate was washed a second time before the colour reagent (loonL of
In^. P substrate solution) was added to each wellfor 2h at 27'C. The absorbance of each well
was read using a Benchmark Microplate reader set at 4/5 rim. Every plate included negative
controls, positive controls and reagent blanks to provide confinnation that all reagents were
working satisfactorily and to canbrate the plate reader.

in November 2004 rabbit-marked H. grunger@ eggs attached to paper towel were added to a
10 row x 10 in section of conventional cotton at the QDPlresearch station in Biloela. Egg
density was 101m (similar to previous augmentation trial at ACRl with unmarked H.
grinigero eggs). Predators were collected by visual searching of 6 x Im sections of cotton in
the release plot at 12, 24, 36 and 48h after egg placement. All predators were subjected to an
indirect and sandwich ELISA to compare the percentage of positive responses for each
method.

c) Predator diversity and abundance under different agrononinc conditions

The abundance and diversity of beneficial insects and spiders were monitored in 15 fields on
seven farmsin the Namoi, Gwydir and Macintyre valleys and one field at ACRlduring 2001-
02. These fields represented a range of cropping systems and varieties (conventional, ingard,
unsprayed, dryland, irrigated, retained stubble). Beat sheet samples and visual checks were
taken at each site every 2-4 weeks from November to February (12 x Irow metre beat and
visual samples per field per sample date). All beneficial predators were counted and
identified, usually to species. insect predators were collected for subsequent ELISA analysis
to test for consumption ofH. grunger@. AllHe!icoverp@ spp. eggs and larvae were collected
and reared through to deterTrime parasitism rates and emerged parasitoids identified. Sinitlar
methods were used during the 2002-03 season when 14 fields at six farms were monitored
(usually one conventional and one ingard field per farm). Three fields at ACRl were also
sampled over this season: Block 17 (conventional and ingard cotton), Field A1
(conventional) and Field CT (rotation trial managed by Dr HUIugalle, NSW Agriculture).



d) Predation of native coccinellids on H. armtger@ and the cotton aphid, Apfots gossyptt

The effect of prey density and aphid availability on consumption of H. grinigera eggs was
tested under laboratory conditions fortransverse, variable, three banded and striped ladybirds
(Coccinella transversalis, Coelophor@ tingeq"@!is, Horn, oni" octo"inc"!@t@ and Mirr@spis
I^errata respectively). Two species (C. tingeqi, ajis and H. octomoc"!@to) were then used to
exaniine the effect of predator and prey density on H. grintger@ egg consumption in
glasshouse cages. Finally, H. grungero egg consumption by the same two predator species
was tested in field cages under natural conditions.

Adult and larval ladybirds of all species were collected from crops and weeds around
Nanabri, Wee Waa and Pilliga during the 2000-01 cotton season. The ladybirds were keptin
a perspex cage in a glasshouse at 35 :^ 5'C and aphid-infested cotton plants placed inside the
cage as a food source. Water was supplied in specimenjars with cotton wicks through the lid.
Additional ladybirds were added to the colony to maintain numbers as necessary over the
season. All predators were used only once and were starved for 24h prior to an experiment.
Cotton aphids (Aphis 80ssypii) were reared on cotton plants in the same glasshouse. H.
grunger@ eggs were supplied from a laboratory colony maintained by CSRO Entomology at
ACRl. Eggs were stored at 10'C and used within 48h of collection from the moth colony.

For the laboratory tests single adult ladybirds were confined in a 100 x 70 x 50 11uii plastic
container with 3, 6 or 12 H. griniger@ eggs and a smallpiece of moistened sponge to provide
water. After 24h the number of nitssing eggs was recorded. Each egg density level was
replicated 15 times for the four ladybird species (C. transversalis, C. tingeq"glis, H.
octom@cwmto and M. 178"@t@). The entire experiment wasthen repeated for the fourpredators
and three egg densities with the addition of approximately 15 - 20 aphids to each container.

Perspex cages (480 x 500 x 600 min) were used for the glasshouse experiments. I, 3 or 6
adultladybirds were confined in each cage with a young cotton plant but no aphids. 3, 6 or 12
H. griniger@ eggs were individually glued to three leaves on the cotton plant with a water-
based glue. Predators were left in the cages for 24h and the number of missing eggs wanthen
counted. Each combination of predator and prey density was replicated 10 times for two
ladybird species (C. ingeqz, @lis andH. octomac"I@t@).

The field cages had a Im' metal frame with a fine mesh cover and two zips on opposite sides.
Tent pegs through two eyelets at each corner of the cover secured the cage to the soil. Frames
were placed approximately 10 in apart over single rows of cotton in field 18 at ACRlfrom
December 2001 to February 2002. The covers were only kept over the frames during the
course of an experiment. Cages were assigned to one of four treatments: addition of five H.
octom"CUIot@ ladybirds, addition offive C. tingeq"glis ladybirds, control(no predators added)
or open cage control (no predators added, cage sides left open to allow free insect
movement). Five sentinelegg cards, each with five H. gnutger@ eggs, were stapled to leaves
in the upper canopy of the cotton plants within the cage, left for 24h and the number of
nitssing eggs recorded. Sentinel egg cards were used instead of directly gluing the eggs to
leaves because it was too difficult to find the eggs again unless they were attached to visible
cards. This experiment was replicated fourtimes from December to February, with four cages
per treatment in December and three cages per treatment for all other replicates. Allinsects
(pest and beneficial) already present on plants inside the cages were left untouched.



e) Rearing methodsforthe bigeyed bug, Geocortsl"br" and consumption ofH. armtger"

The effect of prey type and temperature on survival and development of G. 11, bra was
exaiiiined under controlled conditions. Adult andjuvenile G. I'dbra were collected with a beat
sheetin March 2002 from unsprayed ingard cotton at Cotton Seed Distributors, Wee Waa, to
start cultures. Colonies of the prey species A. gossypit and H. griniger@ were kept at ACRl.

For the first rearing method, G. inbra were placed in 5L white plastic buckets covered with
cloth gauze and containing scrunched paper towels to provide concealment. Water was
provided on a moistened sponge and live aphids on cotton tenninals as prey. Cotton dental
wicks were added as an egg-laying substrate. These wicks were collected every two daysthen
held in small plastic containers (100 x 70 x 5011nn) until the eggs hatched. Juveniles were
separated into individual containers (100 x 70 x 50mm)lined with paper towel and provided
with a damp sponge and approximately 20 live aphids. Prey and water were replenished
every two days. All containers and buckets were held in a constant temperature room at
25'C, 12L:120 and ambient huntdity. Rearing conditions were sillxilar forthe second rearing
method except that aphids were replaced with loose H. griniger" eggs and the containers
were moved to a constanttemperature cabinet at 27'C, 16L:80 and 75% relative hurindity.

f) Antpredation onH. armiger" eggs
Behavioural observations of ants were made from December to early January in 2001-2002.
The duration and type of behaviour was recorded on handheld Psion data loggers using
Observer 3.0 software. Observations were made in irrigated, conventional cotton at ACRl
(field 18, 31 observations),"Lowana", Pilliga (field 3, 7 observations) and "Milchengowrie",
Boggabri (field W3, 8 observations), in irrigated, ingard (Bt) cotton at Cotton Seed
Distributors, Wee Waa (plots 17 and 18, 3 observations) and in dryland conventional cotton
at "Glenwarrie", Edgeroi(Halls field, 3 observations). Continuous observations were taken
for 30 minutes from each of three I in sections of cotton at each site on each sampling date.
Before observations began in a I in section, 10 sentinel cards (10 x 15 mm) were stapled to
leaves in the upper canopy of the observed section. Three H. grunger@ eggs were attached to
each card with water based glue and the cards were refrigerated at 4'C overnight untilplaced
in the field. Fresh eggs came from theH. armiger@ colony at ACRl.



4. Results

a) Detection of predation on H. cruziger@ using annonoclonalantibody

The degree of variability in response to the Mab from the target species, H. grunger@,
indicates there is some risk offalse negatives with this assay at both incubation temperatures
(Figures I and 2). Absorbance for H. armiger@ eggs increased at 4'C with a longer
incubation period during the final stage of the assay (Figure 2). Of the 175 insects tested for
cross-reactivity to the Mab, mean absorbance was 0,172 :^ 0,031 rim, suggesting that the risk
offalso positives from alternative prey species is nitnimal (Figure Ia).

Greater variability in the response to the Mab was apparent for control specimens of
predatory beetles (all coccinellids and D. bell"jus) compared with the cross-reactivity tests
(Figure Ib). Further experimentation with the ELISA protocolsuggested non-specific binding
of the secondary antibody contributed to the variation. However it was not possible to reduce
this background noise (by lowering the concentration of the secondary antibody) without also
losing the ability to detect true positive results. This meant that critical thresholds for the
predatory beetles were relatively high (Table I). Such high thresholds do increase the
likelihood of false negatives, particularly for neonate prey. Neither adult N. kinbergii nor
adult and nymphal G. I"br@ showed significant response to the Mab (Figure 2). For both
predators, less than 3% of the laboratory-reared H. grintger@ tested showed absorbance
values lower than the critical thresholds for these two predators (Table I). Given the low
vanability in absorbance for the control specimens tested, the chance of false positive or
negative results seems quite low for N. kinbergii and G. I"bra. Controlspecimens of assassin
bugs of allinstars showed greater response to the Mab than the smaller predatory bugs
(Figure 2), although the critical thresholds for each instar were still relatively low, compared
to the observed response from H. grinigera.

When predators were known to have fed on H. grunger@, antigen detection declined
exponentialIy with increasing digestion time for D. bellwl"s (F1,5 = 40.74, P = 0,001, R' =
0,891) and adult G. I"bra (F1,5 = 189.45, P < 0,0001, R' = 0,974). For D. bell"!"s detection
of a single egg was only possible for approximately 2h after consumption and the chance of
detecting consumption was below 30% within Ih (Figure 3a). The detection period for G.
inbra that had fed on a single egg was also quite short (from > 70% jinmediately after
consumption to < 10% at 4 h, Figure 3b) although the probability of detection was generally
greater than for D. belli, ms. The probability of detecting consumption of a single larva was
low for G. inbra (below 25% immediately after consumption). AdultN. kinbergiithathad fed
on one H. griniger@ larva showed anoticeably different pattem of antigen detection overtime
that did not follow the expected exponential decay (Figure 3c). in fact, detection peaked at
29% when 24 h had elapsed. Although the detection period was more extended in this species
than for D. bell"!"s or G. 1/4bro, the probability of detection was low overall. Antigen
detection in adult and nymphal assassin bugs (fed a 3'' instar H. auntger@ larva) also varied
over time in an unexpected fashion, with peak detection usually occurring several hours after
prey consumption (Figure 3d). However the probability of detection was generally fairly high
(mostly > 50%) and the detection period was extended, with some positive results found 48h
after consumption. Predation on a single H. dinztger@ egg could not be detected in any of the
coccinellid predators tested, although Hippodami@ variegata that had fed on multiple eggs
did test positive using this ELISA protocol(see results from the rabbit marker technique for
more details). in general, these calibration Iinxits for the different predators are conservative
because they are based on the smallest meal size (one egg or larva). Antigen detection in
these predatory beetles and bugs did increase when more than one H. griniger" egg or larva
had been consumed.
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All plates incubated at 4'C.

Table I. Critical absorbance thresholds for predatory beetles and bugs to detennine positive
reactions for recent feeding on H. gnuiger@ eggs orlarvae.

Predator

Dicr@nol@jus bell"jus - red and blue beetle

Hornzonio co, !foamts - common spotted ladybird
Diom"s notescens- Thinute two spotted ladybird
Micr@sptsj>errata - striped ladybird
Ham, onicz octomoc"IQt@ -threebanded ladybird
Coccinell@ transversalis - transverse ladybird
Coelophoro ingeq"@lis - variable ladybird
Hippodomi@ varieg@to - amber spotted ladybird
Nabis kinbergii- damselbug
Geocoris IIJbra - bigeyed bug (adults)
G. I"bra (nymphs, averaged across allfive instars)
Prtsthesanc"spl@gjpennts - assassin bugs (3'' instar nymphs)
P. pingjpennis (4th instar nymphs)
P. pingjpennts (5th instarnymphs)
P. pingipennis (adults)

Positive threshold (rim)
0,576

0,663

0,392

0,547

0,676

0,602

0,603

0,659

0,095

0,160

0,120

0,192

0,307

0,187

0,157
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adult P. piggjpennts fed one 3' instar larva.

Of the field collected predators, N. kinbergti and G. I"bra had the highest predation rates in
both seasons although the percentage of positive individuals for both species declined slightly
in 2002-03 compared with 2001-02 (Table 2). Despite the large number of individuals
collected, only a small percentage of D. bellwli, s were positive for recent predation on H.
grunger" in both the 2001-02 and 2002-03 cotton seasons. Some coccinellids tested positive
for recent predation in 2001-02 but none in 2002-03. No assassin bugs were collected from
the field saniples. H. grintger@ formed a greater percentage of the Hencoverp@ spp.
population in 2002-03 (39%) than 2001-02 (13%). kithe H. grunger@ augmentation trial,
almost twice as many predators collected from the adjacent control plots tested positive for
recent predation, compared with predators from the plots with additional H. griniger@ eggs
(3.7% compared with 1.5%, Table 3).
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Table 2. Number of predators collected (N) and the percentage of positive detections (P %)
for recent predation on H. griniger@ in each season.

Predator

Nabis kmbergii
Geocorisl"bra
Dicr@nomi"s bellul"s

Hippodomi@ variegata
Hamzoni@ octom@CUI@t@
Coccinella transversalis
Dtomi, s notescens

Other coccinellids

Total

2001-02

P%N

Table 3. Number of predators collected (N) and number positive (P) for recent predation on
H. grinigero in plots with H. grunger" eggs added (10 eggs/in) and control plots without
additional eggs.

95

50

758

16

28

42

33

3

1025

28

14

o

11

5

3

o

5

predator

2002-03

P%N

Nabis kinbergii
Geocoris I"bra
Dtcr"nomt"s bell"jus

Hippod@into variegata
Other coccinellids

Total

I I I

292

2221

1/6

o

25

6

2772

22

12

2

b) Detection of predation on H. camtger@ using rabbit protein to mark the target prey

For D. bell"!"s and H. variegata that had fed on multiple H. griniger@ eggs, detection of the
rabbit protein marker with the sandwich ELISA was extremely likely, even 24h after feeding
(Table 4). There was no evidence of non-specific binding with the rabbit protein marker that
could lead to false positives, unlike the Mab and the critical thresholds for the sandwich
ELISA were much lower (0,099 rim for D. bellul"s and 0,110 rim for H. varieg@to).
Detection of H. griniger@ with the Mab and indirect ELISA was also higher in these
predators that had consumed multiple eggs, compared with predators fed only a single egg.
However detection of predation with the Mab was unlikely at 24h after consumption.

More than 120 predators were collected from the plot with marked H. grunger@ eggs attached
to the foliage. The sandwich ELISA detected nearly 5x more predation than the indirect
ELISA in these predators (Table 5). For those predators that did not have critical thresholds
detennined for the rabbit marker from laboratory tests (i. e. all predators except D. bellwlws
and H. variegata), a default threshold of 0,100 rim was used (mean + 4sd of negative
controls). Despite the lack of established protocols for spiders with either ELISA method,
several of these predators showed extremely strong positive responses from visual inspection
of the assay plates.

o

o

o

3

Egg addition plots
N P

17

5

435

17

3

477

3

2

o

7

Controlplots
N P

23

6

306

11

4

305

11

o

2

o

o

13



Table 4. Number of individuals tested (N) and percentage of positive detections (P %) with
increasing time after prey consumption using either the rabbit protein marker and sandwich
ELISA orthe Mab specific to H. grunger@ and indirect ELISA. Predators had fed on multiple
H. griniger@ eggs marked with rabbitlgG.

Time after

feeding (h)

o

2

4

24

N

Dicr@, 1010i"s bellul"s

Rabbit(P%) Mab(P%)

20

18

18

17

15

100

100

100

100

33

Table 5. Number of predators collected (N) and the percentage of positive detections (P %)
for recent predation on H. griniger@ using either the rabbit protein marker and sandwich
ELISA orthe Mab specific to H. griniger@ and indirectELISA.

Rabbit re %) Mab (P %)NPredator

1864Dicr@, 10/@jus bell"I"s

Hippodomi@ variegata

Coccinella transversalis

100

94

94

71

o

N

Hippodami@ variegata

Rabbit(P%) Mab(P%)

18

18

16

16

15

Diomi, s notescens

100

100

100

100

100

Geocoris I"bra

Chetr"canthi, ,in spp.

Other spiders

Total

83

67

13

o

7

11

45

38

3

18

9

24

12

o

3

o

o

121

5

33

o

33

o

24

8

33

5



c) Predator diversity and abundance under different agro"oninc conditions

The most abundant beneficial predators in the sampled fields for the 2001-02 season were
spiders (58%), particularly lynx andjumping spiders, and predatory beetles (28%) such as D.
bell"!"s (Figi!re 4). Of the Hencoverp@ eggs and larvae collected, 13% were identified as H.
grunger@, 56% as H. punctiger@ and 31% could not be identified to species (includes
unhatched eggs, parasitism, accidental lab loss, etc). Five species of parasitoids were reared
from the field collected Hencoveip@ eggs (Teienom"s spp. and Trichogr@mina spp. ) and
larvae (Ch@etophth@Jin"s sp. , Heteropelm@ sp. and Microplitis demontor). Parasitism rates
were low (4% of eggs parasitised and 6% of larvae parasitised) and 12% of larvae were virus
infected. Mean abundance of all beneficial insects and spiders increased over the season in
fields with a Beneficial Disruption index (defined by Hoque at a1. 2000) of less than 8 at the
end of the season (Figure 5). Fields with a higher BDl(ranging from 28-36 at the end of the
season) had consistently low numbers of beneficial predators. insecticide use was the major
factor affecting beneficial insect and spider abundance in these fields and it was not possible
to detect additional effects from different agronomic practices such as stubble retention or
dryland cultivation for fields sampled in 2001-02.
Red and blue beetles, D. bell"jus, dormnated the insect fauna for the 2002-03 season (49% of
5669 predators counted, Figure 4). Spiders were the other major group (28%) with predatory
bugs only 14% of all predators counted. Of the Heircoverp@ eggs and larvae collected, 39%
were identified as H. gnuiger", 19% as H. punctiger@ and 42% could not be identified to

There was 4% mortality due to parasitism (mostly Microplitis spp. andspecies.
Trichogr@innm spp. ) and < 2% mortality from viral disease.

In irrigated cotton fields beneficial insects and spiders increased in abundance from
November 2002 to February 2003 (F3, 585 = 51.5, P < 0.001 and F3, 585 = 85.1, P < 0,001
respectively, Figure 6). On average, spiders were more abundant in Ingard cotton than
conventional (F1,585 = 7.7, P = 0,006) whereas the abundance of beneficial insects did not
differ significantly between Ingard and conventional cotton (F1,585 = 0.8, P = 0.39). Mean
abundance of beneficial arthropods for each fiel!I declined as BDlincreased although the
trend was only marginalIy significant(linear regression, F1,10 = 4.6, P = 0.06, R = 0.32).

One dryland site wassarnpled during the 2002-03 cotton season. Spiders were more abundant
in both ingard and conventional cotton at this site compared with othersites sampled (44% of
allbeneficial fauna). In the conventional cotton beneficial insect and spider abundance
peaked in January (mean abundance of 11insects/in and 6 spiders/in)then declined after a
pyrethroid application to the crop. insect predators were more abundantin Ingard cotton than
conventional at this site (mean of 5 and 2 insects/in respectively).

The tillage and rotation trial managed by Dr HUIugalle (NSW Agriculrure) in Field Cl at
ACRlcontains replicate blocks of three treatments: maximum tillage and continuous cotton,
nitnimum tillage and continuous cotton, nitnimum tillage and cotton/wheatrotation. The
same insecticide regime is applied to all blocks, which were allplanted with conventional
cotton. This trial has run continuously since the 2000-01 season. Beneficial insect and spider
abundance peaked in February 2003 (mean of 21insects/in and 3 spiders/in). D. bell"13, s
were particularly abundant in Field Cl, comprising 66% of all beneficial adjrropods found.
Although there was no significant difference in total abundance of beneficial antiropods
between the three treatments (F2,132 = 0.52, P = 0.6), ants were more abundantin the
Thinimum tillage plus wheatrotation blocks, particularly in December, compared with the
other two treatments (F2,132 = 8.59, P = 0,0003, Figure 7).
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d) Predation of native coccinellids onH. armiger@ and the cotton aphid, Apfotsgossypii

Under laboratory conditions, H. armiger" egg consumption increased with higher prey
density and differed between predator species (Table 6). Although alternate prey (aphids) did
not affect egg consumption significantly overall, the interaction between species and aphids
shows that the feeding patterns of some coccinellids changed when aphids were present. C.
transversalis and M. liren@to consumed more H. grunger@ eggsin the absence of aphids than
when aphids were available (Figure 8a-b). H. octom"cwmt@ consumed the most eggs of the
four ladybird species tested (Figure 8c) and C. trigeqw@lis consumed the least (Figure 8d),
with or without aphids available.

The two coccinellid species tested in the glasshouse cages consumed sinxilar amounts of H.
griniger@ eggs although their responses to prey and predator density differed (Table 7). Egg
consumption by H. octom"CUI@t@ increased as egg density increased but predator density did
not affect egg consumption (Figure 9a). In contrast, egg consumption by C. ingeq"@lis
increased with both prey and predator density, particularly at the higher egg densities (Figure
9b).

Under field conditions, the number of eggs nitssing declined from December to February (x'
= 21.56, df= 3, P < 0,001), although there was no consistent pattern in the amount of egg loss
between the different cage treatments (Figure 10).

Nov Dec

^
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Table 6. Logistic analysis of predator species, prey density and alternate prey effects in the
laboratory tests ofH. grinigero egg consumption. * P < 0,0001.

Factor

Predator species
Prey density
Aphids
Species x prey
Species x aphids
Prey x aphids
Species x rey x a hids

Table 7. Logistic analysis of predator species, predator density and prey density effects in the
glasshouse tests ofH. griniger@ egg consumption. * P < 0,001, ** P < 0.05.

df

3

2

6

3

2

6

X
291.59*

45.32*

0.01

51.54*

25.14*

70.23*

32.17*

Factor

Predator species
Predator density
Prey density
Species x predator density
Species x prey density
Predator density x prey density
S eciesx redatordensi x reydensit

df

2

2

2

2

4

4

X
< 0.005

54.92*

5.32

20.78*

5.89

22.75*

12.89**
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e) Rearing methodsforthebigeyed bug, Geocortslz, bin and consumption ofH. camtger"

G. I"bra eggs hatched more quickly and total development time was shorter at 27'C than
25'C (Table 8). Very few nymphs reached adulthood on a diet of aphids alone to = 12).
Breeding success improved dramatically at 27'C (n = 219). More than 50 nymphs hatched
after justthree days at the higher temperature and survival to adulthood increased to 70%. G.
1/1bro ate a higher proportion of H. grunger@ neonates (46% on average) than eggs (6% on
average). Predation of H. griniger@ eggs and neonates increased with longer feeding times
(Figure 11), however single H. auntgera eggs were not eaten by G. inbra in this experiment.
Predation also tended to increase when more prey items were offered for both eggs and
neonates.

,^.

co
co

+!

6

^

C
o

o. 4
E
=5
co
=
o
Q

>2
co

Q.

C
CG
co

=^

a)

L.

I'I 2 hours

7771 4 hours

^ 6hours

o

Number of prey

Figure 11. Mean (^ se) consumption by adult Geocoris I"bra of a) Hencove, p@ grungero
eggs and b) neonate larvae after two hours, four hours and six hours exposure to either five or
ten prey items.

Table 8. Mean (=:se) development time to egg hatch and adulthood and survival to adulthood
(%)for Geocoris 11, bra reared at differenttemperatures and on different prey.

Adulthood (da s)
39.92 .!= 1.10

26.01 :^ 0.39

6
b)

4

Tern Gramre ('C)
25

27

10

f) Antpredation onH. armtger" eggs

Indomyrinex spp. were seen most frequently whereas Parotrechino spp. , Pheido!e spp. andR.
metallic" were less frequently observed in the cotton crops during the 2001-02 season.
Indomyrinex spp. spent most of the observed time on the ground (70%), very little time
(<I%) on egg predation and were seen more frequently on the cotton plants in 2001-02 than
any other ant tara. Egg predation occurred twice at ACRl (two and three eggs taken
respectively) and once at Lowana (four eggs taken). Hence the rate of egg predation by
Indomyrulex spp. was 0.03% eggs/110ur in 2001-2002. No egg predation was recorded in
2001-02 for any other anttaxa.

o

Pre

Aphids
H. grunger@ e gs

E hatch(da s)
11.79 ^ 0.12

8.35 :!= 0.31

10

Survival(%)
8.4

70.7



5. Conclusions

Key predators ofH. armiger@:their ecology and the effects of agrononinc practices

The predatory bugs G. inbro and N. kinbergii were significant predators of H. grunger@ in
Australian cotton crops during seasons of low and high H. chiliger@ abundance. It is difficult
to compare the relative importance of these two predators for the control of Hencoveip@ spp.
because of the different antigen decay rates for G. I"bra and N. kinbergti. The higher
proportion of positive results from N. kinbergii may reflect the longer detection interval in
this predator or a true difference in predation rates between the two species. N. kinbergii can
reproduce and develop successfully on multiple prey, notjust Hencoveip@ spp. This has the
advantage that this predator can maintain populations within the cotton system even when
Hencoverp@ spp. are less abundant. Development studies with G. 11, bra and other species of
Geocoris have demonstrated the importance of protein-rich prey, such as Hencove, p@ eggs
for successful reproduction of these predators (Cohen and Debolt 1983, Lopez at a1. 1987,
EUbanks and Denn0 1999 and 2000, Mansfield at al. subrrittted ms). The abundance of G.
inbra within the crop system is also affected by prevailing weather conditions because this
species requires warm temperatures for successful reproduction and development. Although
growers have no control overthe weather, they can take weather forecasts into account when
assessing the potential for G. inbra to suppress H. auntgero within their crops. Two other
predatory bugs (the brown smudge bug, DerQeocoris signoiz, s and minute pirate bugs, On"s
spp. ) often become abundant in late season cotton crops, however the impact of these
predators on H. grintgero was not addressed in this project.

The effect of predatory beetles on H. damigera populations is less certain due to difficulties
with application of the ELISA technique to this group of predators. The red and blue beetle,
D. bell"jus, was the most abundant predator collected for ELISA tests yet only a small
fraction of the individuals tested were positive for predation on H. grinigero, using the
indirect ELISA and Mab. A much higher percentage of these predators tested positive using
the rabbit protein marker and sandwich ELISA, suggesting that predation rates were
underestimated by the other method. However field testing of the rabbit marker protocol was
very jinxited (a single event on small, early season cotton plants) and predation on the marked
H. grinigero eggs may have been greater than nomial because very few other prey were
available at the time of the field trial. Results from both ELISA protocols indicate that
predatory coccinellids may have some impact on H. griniger@ populations, particularly when
their preferred food source (usually aphids) is absent from the crop. While these predators
can feed on other prey, the importance of their preferred food to coccinellid populations
should not be underestimated. These predators cannot reproduce successfully in the absence
of their preferred prey and adult beetles travellarge distances in their search for suitable
reproduction sites. Hence native coccinellids tend to be very transient within cotton crops
during seasons of low aphid abundance. The impact of H. variegata, a recent arrival to
Australia (Franzmann 2002), on native coccinellids and on crop pests is not yet certain. This
species has spread rapidly within Australia and was the dormnant coccinellid species in the
2002-03 season.

Four ant tara are commonly found on cotton foliage: Indomyrulex spp. , Par"trechin@ spp. ,
Pheidole spp. and Rhytidopo"erg metallic@. Of these tara, only Indomyrulex and Pheidole
spp. have been observed taking H. grinigera eggs that had been deliberately placed in the
crop during the 1999-2000 and 2001-02 seasons (Mansfield at at. 2003). Pheidole spp. had a
higher predation rate than Indomyrulex spp. (0.14% eggs/110ur c. f. 0.03% eggs/110ur) and
spent more time on the cotton foliage than the other anttaxa, however the overallimpact of
such predation is unlikely to be significant for pest control. Ant populations are severely
disrupted by cultivation, flood irrigation and insecticide use, particularly applications of



endosulfan and fipronil(Lytton-Hitchins and Wilson 1999, Wilson at a1. 1999, Mansfield at
a1. 2003). Dryland cotton crops may support a greater diversity of ants in the absence of
cultivation or insecticide effects (Elias and Mansfield 2002).

Spiders, such as Chatr@canthii, in spp. , have been recorded previously as predators of
Hencoverp@ spp. (Scholz at at. 2000). However the lack of diagnostic keys to identify spider
species prevented development of the indirect ELISA for any of these predators. Resultsfrom
the rabbit marker field tests suggest this group should be the subject of future research,
because it is likely that spiders do contribute to control of Hencove, PC spp.

insecticide use remains the key factor affecting the abundance and diversity of beneficial
arthropods in Australian cotton crops (Mansfield at al. subinttted ms). When a softinsecticide
regime is used, the abundance of beneficial arthropods increases dramatically over the course
of the cotton season with the growth of the crop canopy. ingard cotton crops usually support
a greater abundance of beneficial arthropods, however it is not yet clear if this difference is
solely attributable to the softer insecticide regime typically applied to these crops. Minimum
tillage combined with a cotton/wheat rotation can increase ant abundance relative to other
cultivation systems. Dryland cotton crops may support a greater diversity of ants and spiders
than irrigated systems, although this needs to be confirmed by further research over a wider
range of field sites.

6. Detailhow your research has addressed the Corporation'sthree Outputs -
Econonitc, Environmental and Social?

This project hasimproved our understanding of insectpredator ecology and has demonstrated
the importance of predatory bugs as key predators of H. anreiger". Difficulties with the
methodology have limited the overall assessment of predatory beetles; it does appear that
coccinellids may contribute to suppression ofH. grunger@ in situations where their preferred
prey is absent. Development of two effective ELISA methods forthe assessment of predation
has provided tools for further research into predator ecology, if such research is considered
important to the industry. Collaborative projects with other researchers at ACRl have
validated the Beneficial Disruption index as a measure of insecticide impact on beneficial
arthropods and demonstrated the relative efficiencies of differentinsect sampling techniques.
The outcomes of this project and associated collaborations should assist growers to maxiimse
the effects of beneficial insects within their cotton crops and reduce insecticide use. in
consequence, production costs will decrease, making the cotton industry more sustainable.
This will benefit rural coriumunities that depend on the cotton industry for employment and
Income.

7. Summary of advances in methodology arising from the project

a) technical advances achieved
Not applicable

by other information developed from research

ELISA as a method to measure predation

Prior to the development of serological methods such as ELISA, direct observation was the
only way to link a predator with a particular prey item. ELISA tests allow the assessment of
many individual predators for recent predation on the target prey whereas direct observations
are usually Iirritted to a small number of individuals, due to time and resource constraints.
The indirect ELISA using the Mab specific to H. grunger@ proved highly effective for
detecting predation in predatory bugs but was less effective in predatory beetles. Other
studies have found sinitlar limitations for indirect ELISA tests using monoclonal antibodies
specific to the target prey (Hagler and Naranj0 1997, Hagler at a1. 1997, Hagler 1998). The
total protein content of the predator (higher in beetles than in bugs) can affect the ability of



these tests to detect true positive results although the exact mechanism is unknown (Hagler at
a1. 1997). in contrast, the sandwich ELISA is generally more effective on predatory beetles
than predatory bugs, particularly when combined with rabbit protein as a prey marker (Hagler
and Durand 1994, Hagler 1998). This difference is partly due to the feeding modes of the two
predators. Chewing predators, e. g. beetles, consume all or most of the prey including the
outer shell or exoskeleton that carries the protein marker. Sucking predators, e. g. bugs,
consume the internal contents of the prey but leave most of the outer shell, reducing their
contact and ingestion of the protein marker. another factor that contributed to the higher
detection rates of the sandwich ELISA for this study was that the rabbit protein marker
persisted longer in the gut contents of predators than did the antigen detected by the H.
griniger@ Mab.

Therefore, it appears that when an ELISA technique is chosen to assess predation, the user
must consider the type of predators to be tested and the situation in which the tests will be
used. The rate of antigen decay is an importantlirntting factor for all ELISA tests. The faster
the antigen is digested the shorter the detection period. The observed rate of digestion
depends on many factors, most outside the controlofthe operator(Hagler and Naranj0 1997).
However when a Mab is to be developed specifically for this purpose, idealIy the chosen
antigen-Mab combination will have the optimum decay rate forthe intended environment. If
the target prey has a patchy distribution and variable levels of abundance, a slower decay rate
may aid identification of key predators by increasing the likelihood of detection. On the other
hand, if the target prey is usually widespread and highly abundant, a faster decay rate allows
better quantification of predation over time. The final point for consideration is that a prey-
specific antibody allows measurement of predation on natural prey populations with Thinimal
interference in the predator-prey interaction. However the rabbit protein marker must be
physically applied to prey and those marked prey then released into the environment. The
mode of prey marking and release could affect predator behaviour, thereby altering the
predation rate from the naturalsituation.

c) are changes to the Intellectual Property register required?
Not applicable

8. Detaila plan for the activities or other stepsthat may be taken:

(a) to further develop or to exploitthe projecttechnology.

A research proposal has recently been approved by CRDC that will use the rabbit protein
marker and sandwich ELISA to further investigate predation on Hencoverp@ spp. and pest
Trimds.

(b) for the future presentation and dissemination of the projectoutcomes.

Project outcomes have been presented through scientific and industry publications. Dr
Mansfield frequently gave presentations to scientific and industry audiences (e. g. the
Ecological Society of Australia and the ERM Short Course for Cottongrowers). A full
publication list is given in section 9, including scientific manuscripts in preparation. Results
from this project will also be presented in August 2004 at the international Congress of
Entomology in Brisbane.

(c) for future research.

Spiders are a major predatory group found in Australian cotton crops that have not been
addressed in this project. A recent CRDC project has exanxined the biodiversity of spider
populations in cotton crops around Australia and it is likely that the new research proposal
mentioned above will further investigate spider ecology. While this project has demonstrated
the impact of some predatory bugs on H. griniger@, it has also suggested that the impact of



some predatory beetles is not equal to their apparent abundance. The effect of these findings
on empirical management techniques such as the predator:pest ratio needs to be investigated.
mother issue not specifically addressed by this project is whether predators discrintinate
between H. grinigera and H. punctiger@. Although such discriimnation seems unlikely, given
the ecological sinxilarity of the two species within cotton crops, experimental tests of predator
preferences forthese two prey species are needed to confirrn this.

9. Listthe publications arising from the research projectand/or a publication plan.

PUBLICATIONS

Refereed Jounzols
Mansfield, S. , Elias, N. & Lytton-Hitchins, J. A. (2003). hilts as egg predators of

Hencoveip@ griniger@ Hiibner (Lepidoptera: NOCtuidae) in cotton. AMstr"lion Journal
of Entomology 42: 349-351.

Conferencepapers
Mansfield, S. (2002). Consumption of Hencove, pa grunger@ eggs by the ladybirds Hanno"i@

octom@CUIot@ and Coe!ophor" trioeq"glis. Proceedings of the 11 Australian Cotton
Conference, Brisbane, Qld. pp. 321-327.

Reviews andBook Chapters
Mansfield, S. (2004). Book review of "insects and Pest Management in Australian

Agriculture" for AustinlEcology 29: 359-360.
Manuscripts tripreporotton
Mansfield, S. , Scholz, B. , Amvitage, S. & Johnson, M. -L. Rearing methods, development

time and prey consumption of the bigeyed bug, Geocoris I"bra Kirkaldy (Henitptera:
Geocoridae). Subnxitted to Australian Journal of Entomology, 4 June 2004.

Mansfield, S. , Dinon, M. L. & Whitehouse, M. E. A. Are communities really disrupted? All
assessment of insecticide spray regimes (as measured by the Beneficial Disruption
index) on insect and spider communities in Australian cotton. Subnxitted to Agriculture,
Ecosystems and Environment, 29 June 2004.

Mansfield, S. Development of an ELISA to detect predation on Haltcoverp" onniger@ eggs
and larvae in Australian cotton crops. (ms in prep. )

Mansfield, S. & Hagler, I. Comparison of the efficacy of two ELISA methods for assessing
predation by predatory beetles on Hencoverpo grinigera. (ms in prep. )

PRESENTATTONSANDPUBLICRELAnONS

Conferences Presentations
Mansfield, S. (2004) The impact of predatory bugs on Hencove, po griniger" in Australian

cotton crops. Paper, international Congress of Entomology, 16 August 2004, Brisbane,
Qld.

Mansfield, S. (2003) Detection of predation on Hencoverp" grinigero in Australian cotton
crops using ELISA. Paper, Annual Meeting of the Ecological Society of Australia, 8-10
December, Amtidale, NSW.

Mansfield, S. (2003) Key predators of Hencoverp" griniger@ in Australian cotton erops.
Paper, XIU international Entomophagous insects Workshop, 27-31 July, Tucson,
Anzoria.

Mansfield, S. (2003) Cotton predators exposed. Presentation, Annual review of the Australian
Cotton CRC, 24-25 July, anlitdale, NSW.

Mansfield, S. (2003) Key predators of Hencoverp" spp. in Australian cotton. Paper, Farrritng
Systems PM Forum, 25-26 June, Toowoomba, Qld.

Mansfield, S. , Dinon, M. L. & Whitehouse, M. E. A. (2002). Do beneficials pay their way?
Poster, Annual Meeting of the Ecological Society of Australia, 2-6 December, Cairns,
Qld.



Mansfield, S. (2002) Enhancing the impact of early season predation on Hencoveip@ spp.
Presentation, Farrntng Systems Evaluation and Planning Meeting, 19-20 June,
Toowoomba, Qld.

Mansfield, S. (2002) insect predators in cotton. What can they do for you? Presentation,
Annual'Review of the Australian Cotton CRC, 17-18 June, Toowoomba, Qld.

Mansfield, S. (2001) Enhancing the impact of early season predation on Hencoverp@ spp.
Presentation, Annual Review of the Australian Cotton CRC, 17-18 June, Nanabri,
NSW.

Seminars, Workshops t^' Trade Shows
Mansfield, S. Know your beneficials: why, who, what & how? Presentation to the ERM Short

Course, 11 September 2003, ACRl, Nanabri, NSW.
Mansfield, S. Research update presented at a meeting of the Two-River Areawide

Management Group, 17 June 2003, Pilliga, NSW.
Mansfield, S. Beneficial insects in cotton, Presentation at the Lower Nanioi Field Day, 13

March 2003, BreezaPlains, NSW.
Mansfield, S. Beneficial insect sampling and identification. Presentations to the integrated

Pest Management Short Course for cotton growers, 18 December 2002 and 31 January
2003, St. George, Qld.

Mansfield, S. Research Q&A sentinar, 12 September 2002, Certification Workshop for
Cotton Consultants of Australiahic. , Wee Waa, NSW.

Mansfield, S. Beneficial insect sampling and identification, integrated Pest Management
Short Course for cotton growers, 6 December 2001 and 31 January 2002, Trangie,
NSW.

Mansfield, S. Research updates presented to meetings of the East Gundy Growers (7
November 2001, Boggabilla, NSW) andTwo-River AreaWide Management Group (18
December 2001, Pilliga, NSW).

Mansfield, S. Enhancing the impact of insect predators on Hencoverpa spp. Cotton
Production Sentinar, 21-22 August 2001, Goondiwindi, Qld.

Groaner M"g"zines grid Articles
Deutscher, S. , Dinon, M. , MCKinnon, C. , Mansfield, S. , Staines, T. and Lawrence, L. (2003)

A GoodBeating. The Australian Cottongrower 24 (3): 24-27.
MCKinnon, C. , Deutscher, S. , Dinon, M. , Mansfield, S. and Staines, T. (2003) Comparison of

the beat sheet technique with established methods for sampling pest and predator
abundance in cotton. Upper Namoi Field Day Handbook, ACRl, Nanabri, NSW.

Mansfield, S. (2003) Predators and parasites survey. In: Lower Namoi Trial & Yearbook
2002, A. Spora (Ed. ), pp 11-14. CanC, Nanabri, NSW.

Mansfield, S. & Lawrence, L. (2002). The complexities of predicting predation on
Hencoveipa. The AMstr@Jian Cottongrower23(7): 18-21.

Media interviews

Research sunrrnary included in a poster highlighting PM in cotton for the 75 anniversary
celebration of CSRO.

Media release from CSD!^. O Entomology,
http://WWW. onto. CSiro. au/publicity/pressre1/2001/01marOl. html
GRANTS

Dinon, M. L. , Mansfield, S. and Deutscher, S. Comparison of established sampling methods
with the new beat sheettechnique for measurement of pest and predator abundance in
cotton. Australian Cotton CRC Sun^ner Scholarship Project awarded to Carla
MCKinnon, November 2002 to February 2003.



Mansfield, S. hilts as egg predators of Hencoveip" spp. : Measurement of abundance and the
effect of agrononitc practices. Australian Cotton CRC Summer Scholarship Project
awarded to Naralie Elias, December 2001 to February 2002.

10. Provide an assessment of the likely impact of the results and conclusions of the
research project for the cotton industry. Where possible include a statement of the
costs and potential benefits to the Australian cotton industry or the Australian
community.

Results from this research project should increase grower confidence in the importance of
beneficial arthropods, particularly predatory bugs, for the control of Hencoverpo cantger@.
The econonitc analysis of Hoque at a1. (2000) has demonstrated that growers can achieve
higher gross margins while using a softer insecticide regime intended to conserve beneficial
arthropods. The findings of this project support this outcome by providing direct evidence of
predation on H. grunger@. However this project has also shown that not all beneficials have
equal impact on H. grunger@. This means that growers need to consider not only the total
abundance of beneficial adjrropods within their cotton crops, but also the species composition
of the beneficial colluiiunity. While such considerations will increase the complexity of crop
management decisions, in the long ternia deeper understanding of the beneficial community
should improve pest control and increase the sustainability of the cotton industry.
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Part4- Final ReportExecz, tive SICmm@, y

This projectinvestigated how key insect predators contribute to the suppression of the cotton
bonwonn, Hencoverp" griniger", in Australian cotton crops and explored the interaction
between predator abundance and diversity, agrononitc practices and predation ofH. grunger"
eggs and larvae. Several strategies were used to detennine the importance of differentinsect
predators in cotton: manipulative experiments, direct monitoring of insect abundance in
commercial cotton crops, observation of predator behaviour under natural conditions and
development of diagnostic laboratory tests (ELISA) to detect recent consumption of H.
grinigera by predatory adjrropods.

The predatory bigeyed bug (Geocoris IIJbra) and danisel bug (Nabis kinbergii) were
significant predators of H. grilltger@ in cotton crops during seasons of low and high H.
auntgero abundance. Over two consecutive cotton seasons (2001-02 and 2002-03), 12-14%
of G. I"bra and 22-28% of N. kinbergiitested positive for recent predation on H. griniger@
using ELISA. Juvenile G. I"bra survive and develop better on a diet of H. gnutger@
compared with a diet of aphids under laboratory conditions, further suggesting that H.
grinigera is an importantfood source forthis predator. Warm temperatures (above 27 C) also
favour breeding of this species.

Although the predatory red and blue beetle, Dicr@nomiz4s bell"jus, was highly abundant in
both the 2001-02 and 2002-03 seasons, only I% tested positive for recent predation on H.
grinigera. However the diagnostic ELISA test is less effective with predatory beetles than
predatory bugs, so these results may underestimate the rate of predation forthis species. Most
species of native ladybirds found in Australian cotton crops feed primarily on aphids but may
feed on H. gnuiger" in the absence of theirpreferred prey.

Early in the growing season, ants (Pheidole and Indomyrulex spp. ) were observed to prey
upon H. grintger@ eggs in small quantities. Cultivation and flood irrigation severely disrupt
ant populations in cotton crops and Iirntt their impact as predators. Minimum tillage
combined with a cotton/wheat rotation can increase ant abundance relative to other
cultivation systems. Some spiders such as the yellow nightstalker (Cheiraconthiz, in spp. ) are
likely to feed upon Heircove, p@ spp. , although their impact on H. onitiger@ was not
specifically addressed in this project.
Insecticide use remains the key factor affecting the abundance and diversity of beneficial
arthropods in Australian cotton crops. When a soft insecticide regime is used in both
conventional and Ingard cotton fields, the abundance of beneficial arthropods is likely to
increase dramatically in response to crop growth overthe course of the season.

This project has improved our understanding of insectpredator ecology and has demonstrated
the importance of predatory bugs as key predators of H. grunger@. When making pest
management decisions, gi'owers need to consider not only the total abundance of beneficial
arthropods within their cotton crops, but also the species composition of the beneficial
conrrnunity.


