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Abstract
The natural enemy complex on Emex
australis in Australia includes the stem
blight fungus, Phomopsis emicis, the
dock sawfly, Lophyrotoma analis and the
dock aphid, Brachycaudus rumexicolens.
The latter species is suitable for incorpo-
ration into a weed management system
that includes strategies to augment or
conserve the natural enemies on the
weed. A system of providing alternative
hosts for the aphid so as to increase its
impact on the weed is proposed.

Introduction
The regulation of known or potential pest
and weed densities by natural enemies has
been recognized for centuries, but is often
not appreciated until the balance is upset by
events such as the misuse of pesticides, the
creation of agricultural monocultures and
the translocation of potential pests or weeds
to new areas (Waage 1992). The effective-
ness of a natural enemy in regulating a
weed population at a low density will de-
pend upon its searching ability, specificity
and reproductive capacity relative to the
pest. Adverse environmental conditions
can, however, render theoretically effec-
tive enemies ineffective (DeBach and
Rosen 1991). Environmental manipulation
and periodic releases of natural enemies
are two possible approaches to overcome
particular ecological shortcomings of a
natural enemy (van den Bosch and
Telford 1964, Knipling 1977, Parrella et al.
1992). The appropriate approach and the
success of weed management programme
depends largely on incorporating a sound
knowledge of the weed natural enemy
complex into an integrated weed manage-
ment system (Huffaker et al. 1977, Herzog
and Funderburk 1986, Wapshere et al.
1989, DeBach and Rosen 1991, Williams
and Leppla 1992).

Emex australis has acquired a natural
enemy complex in the 150 years since its
arrival in Australia. Among the natural
enemies are three that are being examined
in Western Australia: the stem blight fun-
gus, Phomopsis emicis Shivas, the dock
sawfly, Lophyrotoma analis (Costa) and the
dock aphid, Brachycaudus rumexicolens
(Patch). The sawfly is native to Australia,
the fungus may have arrived with the
plant and the aphid is a recent introduc-
tion. Any natural enemy selected for E.
australis needs to be specific enough to not
affect beneficial organisms, physiologi-
cally adapted to the environment in which

the plants are growing and able to locate
and establish on the plants early enough
to affect seed quality and/or quantity.
This paper discusses the possibility of ma-
nipulating the environment and/or re-
leasing these natural enemies to effec-
tively control (below economic thresh-
olds) E. australis in the agro-ecosystem of
south-west Australia.

The stem blight fungus, Phomopsis
emicis
This fungus is widespread on E. australis
within Western Australia (Shivas, Lewis
and Groves 1994). Young E. australis plants
appear to have an immunity to the fungus
as the pathogen only causes severe disease
on mature plants. Field trials have shown
up to 30% of E. australis seeds are killed by
the fungus (Shivas and Scott 1994). The
utilization of this fungus as a myco-
herbicide, where spores are mass cultured
and directly applied to E. australis, was
being investigated when it was discovered
that P. emicis contains a powerful mamma-
lian toxin, phomopsin (Shivas, Allen et al.
1994). Further research on developing P.
emicis into a mycoherbicide will depend
upon incorporating the technologies of
genetic manipulation to remove the toxic-
ity from the fungus and selecting patho-
genic toxin-free strains (Shivas and
Sivasithamparam 1994).

The dock sawfly, Lophyrotoma analis
The adults of this insect are large (2 cm
long), have a bright orange abdomen and
are poor fliers. They feed on nectar and
pollen. The female uses her ovipositor to
separate the upper and lower lamellae at
the edge of a leaf and eggs are deposited
in a row between the layers. The larvae
emerge and then feed on the leaves. Lar-
vae have been observed feeding on the
leaves of E. australis and closely related
plants in the genera Rumex and
Muehlenbeckia (docks and native sarsapa-
rilla). Total defoliation may result, how-
ever the insects avoid eating the main
veins of the leaves and the stems of the
plants. When fully developed, the larvae
descend to the ground and pupate in the
soil. In Perth, during spring, the sawfly
takes 2 to 3 months to complete a genera-
tion. Aside from these general observa-
tions, the biology and potential for popu-
lation increase is unknown. Occasionally
the sawfly is sufficiently abundant to be
noticed by farmers, who ask about the
‘new’ biological control agent.

A close relative of the dock sawfly is the
cattle poisoning sawfly, L. interrupta
(Klug). As its common name suggests, this
insect is toxic to mammals due to
lophyrotomin, an octapeptide containing
4 D-amino acids (Dadswell et al. 1985). The
toxicity of the dock sawfly has not been
ascertained, but its toxic close relative and
its bright ‘warning’ coloration indicate
that it is highly unlikely to be suitable for
encouraging large densities among plants
used as food for livestock.

The dock aphid, Brachycaudus
rumexicolens
This small (1.2–1.5 mm) aphid is a fortu-
itous accidental introduction that has been
recorded on Rumex spp. and a Muehlen-
beckia sp. in Europe and North America. It
was first recorded in Australia in 1985, in
Western Australia in 1988 and by 1991 it
had spread rapidly throughout the south-
west of Australia (Berlandier and Scott
1993).

It has a winged form (alatae), primarily
for dispersal and a non-winged form
(apterae), primarily for reproduction. The
alatae deposit live young onto the host
plant. These feed on the sap of the plant
and develop into the apterae which pro-
duce many more offspring. For aphids in
general, the type of morph that these off-
spring develop into depends upon the
condition of the plant, the aphid density
on the plant and environmental cues (tem-
perature and photoperiod) (Dixon 1985).

On E. australis and Rumex spp., the dock
aphid feeds preferentially on the new un-
furled leaves, the growing tips of the
stems and the flower buds of the plant.
Highly distorted and curled leaves,
stunted stems and damaged seeds result.
Presumably a more suitable microhabitat
is created as individuals congregate
within the curls of the distorted leaves and
amongst the flower buds. As the density
of insects increases, individuals spill out
onto the uncurled leaves and along the
stems.

A 30% reduction in the seed weight of
E. australis plants growing in pasture has
been attributed to natural infestations of
dock aphid. Lower seed weight in E. aus-
tralis has been related to a reduced period
of seed dormancy (Scott et al. 1994). In
glasshouse experiments, dock aphids
caused an 80% reduction in seed number
(Scott and Yeoh, unpublished observa-
tions). The dock aphid appears to have
potential as a biological control agent for
E. australis. However, before embarking
on increasing its effectiveness, it was es-
sential to determine its full host range po-
tential and temperature requirements for
suitable development.

Host specificity
Specificity tests were conducted on over
100 species of plants from over 40 different
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families (Scott and Yeoh unpublished). In
cages in the glasshouse, populations of
dock aphid could, in general, only be sus-
tained on plants within the Polygonaceae
(in particular Rumex spp. and Emex spp.).
Lupins (narrow leaf) and wheat were,
however, found to be sub-optimal hosts
under these laboratory conditions. The
survival of the dock aphid on these crops,
appears to be an artefact of the sheltered
laboratory conditions, as recent extensive
surveys of lupin crops (F.A. Berlandier
personal communication) and wheat
crops (M. Grimm personal communica-
tion) in Western Australia, both indicated
that these crops are not dock aphid hosts.

Restriction of successful dock aphid de-
velopment only on Polygonaceae was fur-
ther supported by recent sampling of a
range of crop and pasture plants growing
intermixed with dock aphid infested E.
australis plants (Scott and Yeoh unpub-
lished observations). Unlike Rumex spp.
and Emex spp. plants, the leaves of lupin
and wheat plants did not grow distorted
when infested with the dock aphid. The
insect’s inability to modify the microhabi-
tat in these plants may explain the ob-
served differences in survival under labo-
ratory and field conditions.

Temperature requirements for optimal
development
The developmental rate of the dock aphid
is maximal between 23–28°C. Some devel-
opment was estimated to occur between
6°C and 32°C, but the population was not
sustainable above 30°C. Nymphs failed to
reach maturity above 32°C. At 25°C, an
individual aptera requires 5 days to ma-
ture and, during its life will produce 35
offspring at an average of 1.6 per day. An
alate takes six days to mature and pro-
duces 15 offspring at an average of 1.3 per
day. Between 10°C and 35°C, and under a
summer photoperiod (14 h light: 10 h
dark), only asexual forms were produced
(Yeoh and Scott, unpublished observa-
tions). No sexual forms of the aphid have
been discovered in the field in Australia.

Strategies for increasing the
effectiveness of the Dock aphid
The dock aphid will have maximum im-
pact on E. australis plants and the result-
ing seed bank if it can establish on plants
soon after germination. The temperature
requirements of the aphid are well suited
to the ambient temperatures that are likely
to be experienced in the south-west Aus-
tralian wheatbelt (Bureau of Meteorology
1975) during the April–May start to the E.
australis growing season. By inducing dis-
torted growth in the plant, it appears the
aphid can modify the microhabitat, at
least to some degree, to suit its require-
ments for high relative humidity. The in-
sect’s high innate capacity to increase
should allow an individual dock aphid,

once in contact with the plant, to rapidly
build up damaging population levels.

The major factors affecting the efficacy
of the dock aphid are likely to be the lag
period from E. australis germination to
dock aphid infestation (which will be in-
fluenced by the number of aphids search-
ing an area and their ability to locate the E.
australis within that area) and the mortal-
ity rate of the aphids.

Without a temperature resistant stage,
the dock aphid is unlikely to survive the
summer temperatures experienced in
most of the south-west wheatbelt area.
Each season they would therefore have to
reinvade from colonies in cooler habitats.
Aphids are only capable of flying at 1.6–
3.2 km h-1. Their small size, however, ena-
bles them to be carried by the wind and by
utilizing convection currents and low-
level jet streams, they can be transported
very rapidly over great distances (Dixon
1985).

A continual ‘rain’ of dock aphids is pre-
sumably falling from the sky. Prior to the
break of season in the wheatbelt (around
April), the temperature is suitable for the
dock aphid, but there are no E. australis
and in the absence of alternative host
plants (i.e. another Polygonaceae species)
these aphids would die. Earlier establish-
ment in the local area could occur if these
alternative host plants were provided.
These insects could increase in number
and then provide a localized source of in-
sects to colonize E. australis plants once
they emerge.

The alternative host plant needs to be a
non-pest species. It could be either ever-
green, irrigated or vegetatively respond
quicker (compared to E. australis seeds) to
the break of season. Two types of alterna-
tive host could be considered:
i. Muehlenbeckia adpressa (native sarsapa-

rilla), an evergreen climber that is na-
tive to south-west Australia. This could
be encouraged to grow along fences
and road edges and conserved in local
reserves.

ii. Rumex crispus (curled dock), a non in-
vasive, introduced, perennial dock that
restricts itself to waterways and drain-
age areas in the wheatbelt. Its seeds do
not have burrs and are therefore not
likely to be a contaminant of wool. As
the plant has large dormant tap roots,
it has the potential to sprout leaves and
then grow rapidly in response to rain.
The E. australis seed has to imbibe, ger-
minate and reach the surface of the soil
before any foliage is produced. Rumex
crispus plants could be planted along
creek beds, road ditches and dam
edges and protected from grazing.

Increasing natural enemy numbers by
mass rearing and then periodically releas-
ing them is usually expensive to develop
and implement. This process, like chemi-
cal control, is a repetitive one so the costs

are recurring. For these reasons, DeBach
and Rosen (1991) recommend that this
method ‘be restricted to those natural en-
emies which have been demonstrated by
research to be inherently effective in prey
population regulation, but are prevented
from doing so principally because they are
not adequately adapted to weather ex-
tremes, are not synchronized with the nec-
essary stages of the host or are otherwise
rendered ineffective by periodic environ-
mental unfavourability’. In this agro-eco-
system, the germination of the E. australis
seeds is reasonably synchronous. A single
release of aphids at the beginning of each
season would therefore seem potentially
adequate. If the provision of alternative
hosts failed to increase the rate of dock
aphid colonization on E. australis seed-
lings, then it may still be economically vi-
able to purchase and manually disperse
commercially mass reared dock aphids.
The viability of commercial mass produc-
tion will greatly increase if conventional
herbicides fail to give adequate control
(e.g. herbicide resistance), are too expen-
sive or are socially unacceptable (Jutsum
1988).

Aphids are attacked by a wide range of
natural enemies including syrphids,
coccinellids and hymenopterous parasi-
toids. However, there are few records of
indigenous natural enemies reliably and
effectively controlling aphids. Van Emden
(1988) states ‘co-evolution would seem to
have led to a delay in the arrival of preda-
tors and parasites after aphid immigra-
tion, and their functional and numerical
responses are geared to follow rather than
overtake the high innate capacity for in-
crease of aphid populations’. In the
wheatbelt agro-ecosystem, dock aphids
are one of the first aphid species to estab-
lish (Scott and Yeoh unpublished observa-
tions). The delay in finding aphid popula-
tions will be greatly increased if the natu-
ral enemies also have to re-invade each
season. This would result in a small im-
pact on the dock aphid population in au-
tumn, when damage to E. australis would
be most beneficial.

Aphids are known to be major vectors
of plant viruses. Emex australis and E.
spinosa have been shown to be locally sus-
ceptible to 10 out of 27 viruses tested, but
re-isolation of the test viruses was not
achieved (Horvath 1986), indicating that
these plants are unlikely to be reservoirs
of viruses. Emex spinosa has also been ex-
cluded as a factor in the persistence of le-
gume viruses (Eid 1983). Bwye et al. (1995)
state that B. rumexicolens is a poor vector of
cucumber mosaic virus. The presence of
an aphid with a restricted host range
among an existing abundant fauna of
polyphagous aphids in Australia is un-
likely to increase the risk of virus trans-
mission (cf. Briese 1989).
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Incorporation of natural enemies
into a general pest management
scheme
It is now accepted that integrating natural
predators with cultural control methods
and selective pesticides can be an effective
method of pest control (van Emden 1988,
Wapshere et al. 1989, Greathead 1995,
Messersmith and Adkins 1995). The use of
the natural enemies of E. australis, espe-
cially the dock aphid, present us with the
possibility of such an approach.

A typical management plan for a
wheatbelt agro-ecosystem may be as fol-
lows. Suitable alternative hosts are
planted along field edges. As a result,
dock aphids colonize the E. australis in the
pasture early in the season. Any spraying
of insecticides needed to control other
aphids in the pasture is delayed as long as
possible to maximize the effect of the dock
aphid on the E. australis. Spraying is then
restricted to below recommended rates of
Pirimor to reduce aphid numbers but en-
courage aphid-specific predators (Niehoff
and Poehling 1995). In years favourable to
the dock aphid, many E. australis seedlings
could be killed and few seeds would enter
the seed bank. In years where conditions
favour E. australis (aphids colonize late,
heavy aphid mortality), E. australis sets
seed but because of nutritional stress,
seeds would be smaller and fewer. The
dormancy of such seeds is greatly reduced
so most would germinate the following
year (crop phase). In this crop phase, se-
lective herbicides can be used to kill E. aus-
tralis and prevent seed entering the fol-
lowing pasture phase.

Our current research is directed at as-
sessing the colonization rates of dock
aphid in areas with and without suitable
alternative host plants and measuring the
impact of this on the E. australis popula-
tion. We are also attempting to increase
the number of biological control agents in
the system by introducing suitable exotic
insects (classical biological control).
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