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WHY BIOSCAN ?

This question can be simply answered, but the answer is also quite complex.
Numerous biological control programs are in place throughout Australia. The Dung
Beetle Program has been of national importance since the 1960s, first instigated by
CSIRO and now carried on in Western Australia by the Department of Agriculture.
This program was devised to control pasture fouling by livestock brought here by
European man, and in doing so, control the dung breeding flies that wreak havoc with
livestock production.

As with all biological control programs it is essential to understand the interaction
between the pest (dung and flies) and the control agent (dung beetle). Once the control
agent(s) has been released there should follow a reduction in the 'pest’. But how can
we measure this?

Monitoring the effects of a control agent is extremely difficult. It requires numerous
resources, especially in terms of labour and money. These factors have resulted in
many follow up programs on biological control agents being incomplete. In many
cases the researcher must rely on measurements in selected areas or on anecdotal
evidence. To get an overall picture of the effect of a biological control agent is next to
impossible. This is why school participation is so important.

The idea of enlisting community groups in these endeavours has much merit. It is
hoped that BIOSCAN will be adopted by numerous rural schools throughout Western
Australia in an effort to address the problems of pasture fouling and fly control facing
farmers and the general public. Schools can help us monitor dung beetle distribution
and abundance and inform us where the bush fly is at its worst. In return we would
like to help you understand an important aspect of science and acquaint you with some
insect activities that will be informative and enjoyable.

Ian Dadour
BIOSCAN COORDINATOR
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PART A
BIOSCAN - A DUNG BEETLE PROJECT FOR SCHOOLS

A-1 What is BIOSCAN?

A-1.1 Research objectives
From statewide sampling, BIOSCAN will assist in :

(i) identifying and mapping those regions with dung beetle activity and monitor the
establishment and spread of introduced dung beetle species; and

(ii) monitoring the prevalence of the bush fly (Musca vetustissima) in relation to the
level of dung beetle activity in the State.

A-1.2 Introduction and outline

The BIOSCAN Project, using the BIOSCAN Educational package, provides an
opportunity for school students to participate in a ‘hands on' research program of real
significance to scientists in the Western Australian Department of Agriculture, to
Western Australian farmers and to the Western Australian community as a whole.

Dr Ian Dadour, of the Entomology Group, Department of Agriculture, is organising the
program, which will supply him with information of major scientific importance.

A-13 What's involved

Students will collect field data on bush fly and dung beetle populations for a real
purpose — helping Western Australian agricultural scientists to establish the present
status of the introduced dung beetles and the possible effects they may be having on
the 'pesky’ bush fly — a pest that irritates people and animals alike during the seasons
of spring and summer.

Participating schools using a trapping technique will monitor both dung beetles and
bush flies. The bush fly traps which operate for 1 hour, will be set once weekly or
fortnightly over a seven—month period (September to March). Traps for dung beetles
will be opened for 24 hours and set up either weekly or fortnightly over the spring,
summer and autumn months (September to June).

Secondary school students will sort the dung beetles and bush fly species. Primary
school students will sort the dung beetles into colours, and the bush flies firstly into
sizes and then further divide them into males and females before counting them and
identifying them. They will then send an example of each type trapped, for



verification of the identification. (The traps are supplied as part of the BIOSCAN
Educational package.)

Records of numbers of fly and dung beetle species and conditions of the trapping
habitat will be kept by each school.

A quarterley newsletter will be sent to all participating schools, updating information
on BIOSCAN. The information you send us will be analysed for the whole
south-west. This way you can see the distribution of introduced beetles and where
flies are at their worst and best.
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Bioscan: Some questions answered

Could introduced dung beetles become a menace?

Dung beetle mouthparts extract the liquid from dung. They can only eat dung
and can only breed in dung. Without dung they die.

Introduced dung beetles so far have avoided wooded areas, and the pelletised
dung of native marsupials is unsuitable for their needs. It is not known if in the
future, with increased numbers of introduced ‘wet season' dung bectles, whether
any of these will colonise forested regions, or whether the introduced species will
consume marsupial droppings. This is the preferred food of native species.

It should be noted that many Australian native dung beetles, unable to colonise
cattle dung in open pastures, can rapidly colonise cattle dung dropped in forested
regions.

It is thought that the introduced dung beetles are too specialised in their needs to
become a menace.

Could introduced dung beetles import foreign cattle diseases?

Introduced dung beetles undergo very strict quarantine procedures. Only
sterilised eggs are imported which ensures that no pest or disease is brought into
Australia with the introduced insect. The Australian Animal Health Laboratories
facility (AAHL) in Geelong is the central body for importing viruses, bacteria,
and insects under the strictest quarantine protocols.

How do the dung beetles kill the bush flies?

Dung beetles don't attack the bush flies directly. They compete with them for
dung. Dung beetles and bush flies both feed and breed in dung. When the dung
beetles work the dung they make it less suitable for flies to breed in. They do
this by removing it, burying it below the soil surface in tunnels for breeding
purposes, or simply by shredding it so that it quickly dries and becomes
unsuitable for bush fly larvae and eggs to complete their life cycle.

What's in it for the environment?

Firstly, the burial of dung below the soil surface recycles nutrients, especially
nitrogen, back to the roots of plants, reducing the need for applications of
artificial fertilisers.



Q

Secondly, the tunnelling action of the beetles increases the aeration of soils. This
is particularly valuable where heavy, hard hooves have compacted the soil.

Thirdly, the tunnelling action assists the infiltration of rainwater into the soil.
This is especially important where the soils are hard or compacted and water
tends to run off the slopes causing erosion.

Why introduce so many different types of dung beetle?

Western Australia has a wide range of temperature and rainfall zones. Beetles
have been collected from similar climatic zones overseas. The Climex (CSIRO)
computer model compares climatic zones using species, relative humidity,
temperature and rainfall parameters.

Also, dung beetle adults are not active all year round. Different species of dung
beetles may not have the adult stage of their life cycle at the same time. Some
species have their active adult peak from spring through to summer, others
summer to autumn, others autumn to winter, and others winter to spring. The
initial introductions of dung beetles werc targeted at the bush fly population
peaks (that is, spring and summer).

SUSH FLY ABUNDANCE
BUSSELTON W.A.
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Figure 1. Graph of bush fly and dung beetle numbers versus time
Hlustration: CSIRO
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Research has identified the need for dung beetles that have an activity period in
early to late spring, targeting the corresponding period of early fly breeding.
Eventually it is planned to fill all the seasonal niches with various dung beetle
species so that the bush flies' over~wintering sites are eliminated and fresh dung
is cleared from pastures as soon as possible and over as much of the year as
possible.

What's in it for farmers?

The clearing of dung from pastures has already been mentioned as a benefit for
farmers. A cow pat left to decompose in the pasture may take one to three years
to disappear, but dung beetles can clear it from the pasture in three to six hours.
1t costs about $15/ha for harrowing to clear dung — this may be done up to two or
more times a year. A reduced bush fly population would improve the farmers'
quality of life too.

Another benefit from the clearing and burial of dung is the reduction of stock
parasites which use dung as part of their mechanism to infest stock. This would
save money on veterinary treatments.

What's in it for the teacher?

Part of the BIOSCAN package contains educational activities that will help in running
a theme approach for the program.

The 'hands on' activities will be a great hooker to involve students in science, social

studies and language activities, either as a class or as a small extension group.

The Department of Agriculture will provide support in solving any problems
encountered.



A-4 History

Following the settlement by European man and the introduction of cattle into
Australia, a new type of environment was created which did not suit the then—present
dung beetle (Scarabaeinae) fauna. This imbalance caused by an accumulation of cattle
dung, has led to an increase in the favoured breeding site of the bush fly Musca
vetustissima. Native dung beetles, mostly found in the natural vegetation of south-
western Australia, normally feed on the faecal pellets of marsupials and leave cattle
dung relatively untouched.

The dung pads of cattle dry hard and remain in the pasture for months or even years.
Cattle will not graze in the immediate vicinity of a pad unless desperate for feed — so
farmers lose a significant amount of grazing land. This has meant that farmers could
not run as much stock and so lost (and are still losing) money.

To increase the breakdown of cattle dung in pastures, CSIRO, between 1972 and 1986,
released 14 species of dung beetle from Europe and Africa into south-western
Australia. Nine species are known 1o be established of which seven species are
common. Since 1978 these infroduced species have become the dominant members of
the dung beetle fauna in pastures in south-western Australia. The increased recycling
of dung into the soil by dung beetles has reduced pasture fouling and consequently has
reduced the need for harrowing.

These introduced dung beetles, by increasing the breakdown of cattle dung, also
reduce the number of sites available for bush fly breeding. As well, when beetles are
abundant in a dung pad they compete with the bush fly which is then killed because
there is insufficient undisturbed dung for the bush fly to complete its life cycle. The
CSIRO Division of Entomology in Western Australia has demonstrated an 88%
reduction in bush flies in January in the Busselton region, caused by the activity of
introduced dung beetles.

In December 1989, a three to six—year program was initiated to introduce three species
of dung beetles (active from September to early January) from Spain to Western
Australia to control bush flies. This is a collaborative program between the
Department of Agriculture Western Australia (DAWA) and CSIRO.

1466/4/93-100



PART B
STUDENT KNOWLEDGE AND UNDERSTANDINGS
B-1 Prior student understandings useful for BIOSCAN participation

B-1.1 Science understandings

»  Living things exist in a variety of forms and live in a variety of places.
+  Living things vary greatly in their structure, behaviour, habitats and lifestyles.
+  Living things can be grouped on the basis of observable characteristics.

. Living things can be placed into groups on the basis of similarities and
differences in their structure, behaviour and appearance.

»  Living things usually go through a cycle of birth or germination, growth,
reproduction and death.

»  Living things have their own roles in a community such as decomposer,
consumer and producer.

B-12 Physical geography understandings

+  Climatic variation between seasons and locations.

+  Temperature differentials and their impacts.

«  Precipitation.

»  Effects of latitude and longitude.

B-2 Educational outcomes possible through BIOSCAN

Students will have gathered scientific information of real value which will contribute
to research at the Department of Agriculture (Entomology Unit) on aspects of dung
beetles. In the process, these students will have had an opportunity to experience
realistic work in the field of ecology.

B-2.1 Direct learning outcomes

«  Successful following of instructions for assemblage of and maintenance of fly
traps.

«  Following of instructions for assemblage and maintenance of dung beetle traps.



- Following of instructions for construction of forceps.

. Development of observational skills to identify different species of dung beetles.
+  Classification of dung beetle and fly species through observation.

. Use of (dichotomous) keys to assist with classification of flies and dung beetles.

»  Gaining knowledge of the ecology (study of plants or animals in relation to their
environment) and life cycles of dung beetles and bush flies.

«  Developing an understanding of adaptations of organisms.
«  Developing an understanding of strategies for sourcing food.

»  Developing an understanding of the relationship between beef and dairy farmers,
town people, tourism and our economy.

. Developing an understanding of the use and importance of scientific research.

. Identifying and recreating the requirements for successful maintenance of a dung
beetle enclosure (vivarium).

. Developing skills in using hand lenses.

«  Recognising the importance of biological control as an alternative to chemical
and mechanical controls.

. Recognising the mneed for accuracy in measurements, thoroughness in
preparation, and care in observation and classification.

«  Developing an understanding that an alteration of the environment may create
situations that favour one species so that they can become of pest proportions
while other species may be disadvantaged.

B-2.2 Related learning outcomes

B-221 Science — The nature and impact of science

. Being a 'scientist’ involves using scientific processes and having scientific
attitudes.

- Many discoveries in science have been very useful in solving practical problems.



Australian scientists have contributed greatly to our lifestyle and the welfare of
the country.

B-2.2.2 Science - Life and living

Living things exist in a variety of forms and live in a variety of places.
Living things vary greatly in their structure, behaviour, habitats and lifestyles.
Living things can be grouped on the basis of observable characteristics.

Living things can be placed into groups on the basis of similarities and
differences in their structure, behaviour and appearance.

Living things have characteristics which help them survive in their environment.
Adaptations help living things survive in a particular environment.

Living things usually go through a cycle of birth or germination, growth,
reproduction and death.

Many living things depend on other living things for their survival.

Living things have their own roles in a community such as decomposer,
consumer and producer.

Humans have altered and are altering environments through their activities.

The balance of life in ecosystems can be (and is) greatly affected by human
activity.

Living things are affected by physical factors in their environment.

An ecosystem consists of a community of living things and their non-living
environment.

Many living things respond to changes in the seasons.

Energy and matter pathways in nature include the water cycle (and the nitrogen
cycle etc.).



B-3 Some cross-curriculum objectives relative to bioscan

B-3.1 Primary

Social Studies Year 4 — Choice — People use scarce natural and man—-made resources
to produce goods and services.

Social Studies Year 5 — Farming — Many factors determine the success of farming.

Farm people and town people depend on each other.

Social Studies Year 6 — Sharing the environment — Change occurs in all
environments and societies as a result of natural, technological, and ideological factors.

People make different uses of the natural environment.

Social Studies Year 7 — Interacting with the environment — Change occurs in all
environments and societies as a result of natural, technological, and ideological factors.

In attempting to satisfy wants, people adapt to and modify the natural environment and
modify its resources.

B-3.2  Secondary

Social Studies Year 8-10 — Earth and People 1.1 — Recognise that the natural
environment is composed of physical features, soil, living things and atmospheric
conditions.

Social Studies Year 8-10 — World Environmental Issues 6.1 — ldentify the
component parts of environmental systems. Explain changes made to world
environmental systems by people producing food.

Science Year 8~10 — Ecology Unit 3.4 — Whole unit is relevant to environmental
issues.

Science Year 8-10 — Biological field studies 5.1 — Understand the relationships
among humans, other organisms and the environment and describe ways in which the
balance in nature may be upset; describe, identify and selectively collect plants and
animals from a particular environment; demonstrate the ability to measure and or
estimate biological populations; demonstrate the ability to measure non-living factors
in the environment; research information, test hypotheses and communicate ideas in
both written and oral form.



Specific objectives:  Define ecology and use the terms environment, habitat,
community, population and ecosystem in context; describe relationships in an
ecosystem including the role of humans; explain the need for and the role of humans in
enviromental management; describe some ways in which humans have upset the
balance in nature.

Science Year 8-10— Energy Past, present and future 6.1 — Recall that usable energy
on earth can be classified as fossil, biomass, hydro, wind, tidal, geothermal, wave,
nuclear and solar.

Science Year 8~10 — Biological change 6.2 — Understand the influences of heredity
and environment on the characteristics of organisms, including humans; Describe the
effect of introduced species on natural populations in Australia in terms of changing
food webs and any other effects.

Science Year 8~10 — Science enrichment 6.5 — Research in their field of interest,
review literature in the field and prepare a synopisis; present a research proposal to
outline - hypothesis, equipment, experimental and data collection, expected results;
conduct the investigation, prepare a report on the investigation; and prepare an oral
report for review by peers.

An ideas key follows this section for general information.



st

DO NYISOMWITEV'OLNTOdM

BI[EIENY WISIAL JO Seare £[J ysngl

e WSLNOL
\Vy W SOTIOT00Y
saNaq mun_v paonponm Jo WSO (urewop aanagy)
sordoy —— BI[ENSTY WI3)SaA\ UT FuTnurey
SsIoIE TSy \u:..ﬁ [epog pus SPUMY A
frapes veadormy “owH . .
s yd adeospue| merERSNY WIISIM
Iy qa_snhwm JUIWUONATY SULeYS
T sopsag Sunq »._..u.._:
——— ~— A%u..wmﬁ_% 0
uisal o Q:uaoﬁ/ V _ T fnv0g
10
TOTRILIO
Summd  Suypder 1 syi0de1 1m0g EE,S\, E&om
$£93 SNOWOIORITCT \\\\\\.\.\\\\\\
-eag ULLIM
sden 125 TINLIBATA
_ BNEA @Sﬁ
8100} prasue) ——  (UptIop JoowoydLsg) SIS _ Supiooo1 ty a1ed 8unq gt
v RWbg pUe Lsemoy U /\
. P 98papeomy _ 1IERE pea(l moono._o.«o.a pooyy
EV 30 91340 T] &u_ww&u%: :
SIRI0 JEYTEAPESID wn_ £231 Jmainn,
e dma [0NT0o ﬂ_u_nsom Inq sswads Su0 JIUIq P o A
(rewop 3ALNITY) SIPMIMY

RGOS SIQOXIW TI0g

A3 SV3AI 40 IT1dNVX3 NV



PARTC
SUPPLEMENT FOR TEACHERS

MORE INFORMATION ON DUNG BEETLE BIOLOGY

C-1 What is a dung beetle?

Dung beetles can be rather arbitrarily defined as those beetles (Order Coleoptera) of the
super family, Scarabaeoidea, whose larvae feed on and in dung (that is, the families,
Scarabaeidae, Geotrupidae and Aphodiidae).

This definition effectively isolates these scarabs from other families in the super family
Scarabaeoidea. It also separates out those beetles that do not feed on dung but are still
to be found in and around dung. For example, while some beetles and their larvae can
be found in dung, some insects are predacious, and feed upon fly eggs and larvae
present in the dung, but not dung. These families include the Histeridae, Carabidae,
Hydrophylidae and Staphylinidae which can be found hunting in and on the dung
patch. Some of the saprophytic (humus feeding) members of the Tenebrionidae, can
also be found feeding under dung.

C-2 Basic morphology

The dung beetle is made up of three visibly separate components. Please refer to
Common dung beetles in pastures of south—eastern Australia in BIOSCAN Kkit.

C-2.1 The head

The obvious features of the head are the mandibles, two compound eyes and a pair of
antennae. The head is usually saucer-shaped and the resulting 'shovel’ (the clypeus) is
used effectively by the beetle. The head may also be ornamented with horns, bumps,
ridges and notches, which are useful taxonomic aids (as well, these may be exaggerated
in the male beetles — these males are known to use the horns to overturn other rival
males during competition for mates and to block tunnels from entry by competitors and
predators).

C-2.2 The thorax

The cuticle of the thorax of the dung beetle is barrel-shaped and is the anchorage point
of the two pairs of wings and the three pairs of legs. The conspicuous part of the



thorax is termed the pronotum. Viewed from above, it is often ornamented with bumps
and camouflaging colours and patterns.

C-23  Wings

The second pair of wings are transparent and are actively used in flight by the beetle.
The first pair of wings are hard, casing-like structures which close over the abdomen
and protect the second pair of wings and the soft parts of the abdomen. The hardened
first pair of wings are termed the elytra.

C-24 Legs (three pairs)

Notably, the forelegs are modified for digging and are flattened, notched and thickened
at the tarsus (foot). The hind pair of legs sometimes carry spurs as in the males of the
genera Onitis and Sisyphus. In the latter genus (the 'rollers’) both males and females
have elongated hind legs for rolling and guiding their dung balls.

C-3 Life stages of the dung beetle

The life stages of the dung beetle provide a good example of a life cycle with complete
metamorphosis (holometabolous, that is, egg, larva, pupa, adult) of an insect. This can
be contrasted with the partial metamorphosis (hemimetabolous, that is, egg, various
stages of nymphs, adult) found in other insect groups such as roaches, locusts, etc.

C-3.1 Egg

Eggs can range in size from a fraction of a millimetre in the Aphodius species, upwards
in size to that of Copris hispanus. This dung beetle produces eggs approximately
5 mm in length, but which swell over a few days, taking moisture from the brood ball
and more than doubling in volume. Large species found in elephant dung in Africa, no
doubt lay much larger eggs.

Some small species such as Onthophagus binodis are very productive and a female and
her mate may produce up to 80 cigar-shaped dung broods and eggs. There is no brood
caring in the Onthophagini and the beetle pair abandon the broods and tunnels when
the dung supply is no longer suitable. Large species, such as Copris hispanus, tend to
produce larger brood balls. However, only four to six brood balls and eggs are
produced under field conditions. The Coprini are brood—carers and the female (and
sometimes the male) remains buried in the brood chamber with these balls until the
offspring complete their development.



C-32 Larvae

Hatching time of the egg varies with each beetle species, and with average field
incubation temperatures. It may take a few days or a few weeks. On hatching, the first
instar commences feeding upon the dung provided by its parents. It grows rapidly and
moults twice more.

Eventually the third instar becomes quiescent. Large quantities of fat are laid down
and the larva turns pale yellow. The gut contents during this time have been voided
and smeared around the walls of the larval chamber. This hardens and a hollow sphere
results, safely housing the pre—pupa (that is, a squat, yellow version of the third instar).

C-3.3  Pupae

The next moult produces a delicate pupa, which on close inspection resembles the adult
beetle. The eyes, legs, wings, and mouth parts etc. can all be seen. The pupal duration
varies across species and is temperature—dependent. Various environmental cues, such
as desiccation of the faecal shell in drought, or a rise or fall in soil temperatures trigger
the change from pupa to beetle.

C-34 Beetle

Further development and darkening of the pupa yields an adult beetle. Hardening of
the beetle's chitin (the substance from which the hard exoskeleton is made) occurs
within the faecal shell.

On cue (perhaps a temperature change, or the onset of seasonal rains) the beetle
emerges (ecloses) from the faecal shell and tunnels its way upwards. It now seeks out a
fresh dung pat and eventually, a mate.

C-35 General

Each beetle species has its general requirement for dung. However, each species has
its own peculiarities. Some are found in deserts living with prairie dogs in their
tunnels, and others can be found in tropical rain forests, perching in trees and feeding
on monkey dung. Beetles imported into Australia have been selected because of their
preference for bovine dung. Climate (including soil moisture) is particularly important
to dung beetles. Each climatic zone has its own complement of dung beetle species.

In simple terms, Australia has two climate zones:

*  tropical, with hot wet summers and dry warm winters; and
*  temperate, with warm summers and cool wet winters.



(Temperate Mediterranean climates are marked by a conspicuous drought period at the
height of summer.)

It is necessary, because of the climatic needs of dung beetles, to identify key climatic
indices in regions of Australia. Then, using these data, searches for corresponding
regions in other parts of the world can commence. Examination of dung beetle faunas
in these matched foreign climatic regions has provided the basis for selection of dung
beetles for Australian regions.

Once a climatic match is made, other factors should be considered - for example, soil
type. Many southern African species are abundant in sandy soils, but this abundance
tails off in heavy clay soils. Soil types therefore have created niches for dung beetles
within their particular climatic ranges (we have alrecady seen that dung preference
produces other niches).

C-3.6 Biocontrol — dung beetles as competitors

Dung beetles are not the only inhabitants of the dung pat. They are preyed upon by
predatory beetles, for example. The dung beetles' interest in the dung pat is for the
bacteria-rich juices which they seek out and consume; and for the fibrous and
'colloidal' components which they remove down into their tunnels for provisioning
their offspring. The dung is assembled into various types of brood balls, brood cakes
or brood sausages (depending upon the species).

Each beetle then, in search of nourishment for itself, removes some nutrient value from
the dung pat. The combined result of 3000 beetles in one pat, can quickly reduce it
down to little more than a blot of 'chaff' on the pasture.

Similarly, breeding beetles, in a scramble for brood ball material, compete amongst
themselves, and remove large quantities of dung to their tunnels and brood chambers.
Large numbers of beetles can completely remove a four-litre pat within 30 minutes
(JFA, pers. obs.).

C-37 Interference competition
The beetles, apart from competition amongst themselves and some predation, are little

affected by other insects in the dung pat.

However, in the beetles' scramble for dung juice and for dung for brood balls, the pat is
rendered unsuitable for other species, such as the bush fly.



Few suitable sites remain for flies to lay eggs. Little or no suitable dung remains for
maggots to live in or feed from.

Fly predators such as the beetle, Hister nomas and the phoretic mite, Macrocheles
perigrinus are tied to the bush fly population dynamics. As their prey numbers rise, so
to do predator numbers, but not by the same magnitude. Their population rise
necessarily lags behind that of their prey. Inevitably prey numbers decline and so too
do those of the predators.

Unlike fly predators, dung beetle population dynamics are independent of the dung
breeding flies with which they may share the dung pat. Fortunately, when and where
dung beetles are abundant, bush flies are severely affected by the dung beetle's
activities.

C-4 The role of dung beetles in pastures

C-4.1  Nutrient cycling

Significant amounts of plant nutrients are locked up in dung. These include the
macro-nutrients, nitrogen (N), phosphorus (P), potassium (K) and the micro-nutrients
or trace elements such as iron (Fe), copper (Cu), calcium (Ca) and sodium (Na).

Consider a paddock littered with cow dung. This represents to the farmer an
investment of much time and toil and money, with dung sitting on the pasture
obscuring up to 10 to 20 per cent of the available pasture (depending on stocking
density). Eventually, over 12 to 18 months in a Mediterrancan climate, dung will
degrade by physical activities.

However, if we look at one nutrient, nitrogen, we can give an insight into the potential
benefits that can be gained by the farmer arising from dung beetle activities.

This nutrient (nitrogen) is essential to plant growth and development and the nitrogen
content in animal forage is a critical factor in livestock nutrition. This in turn is
important to a farm's economy as it acts as a factor limiting stock weight gains,
stocking capacity of a paddock and ultimately the profitability of the farm enterprise
(these comments apply more or less to other plant nutrients too).

The farmer may: import nitrogen as synthetic soluble salts (for example, ammonium
nitrate) for fertilising pastures; feed costly nitrogen-rich grain such as lupin; feed
protein supplements (nitrogen) such as fish or meat meal; increase the average nitrogen
content of the pasture by establishing various nitrogen—fixing legumes such as clovers,



subterranean clover, and serradellas; or grow nitrogen—fixing trees and shrubs for
browse, such as Albizia, Acacia, Tagasaste, etc. Livestock farmers, in fact, employ a
combination of one or more of these strategies for increasing the eventual uptake of
nitrogen for their livestock. However, each strategy represents a loss in terms of toil,
time and money from the farm, and probably from the district as well.

Nitrogen is imported, exported and recycled within pasture ecosystems. By increasing
the relative significance of the recycling, the farmer can get significantly more 'bites at
the nutrient cake'. Recycling of nitrogen, in cost-effective ways (dung beetle activity
for example), allows the farmer to realise an increased return on the current nutrient
investment, and on the costs asociated with that investment.

Nitrogen is a valuable nutrient in a biological sense. It is rapidly used when available
in the food chain. Unfortunately for the farmer, nitrogen (as pasture) is broken down
rapidly after it is voided as dung, sometimes within two days, and finds its way back to
the atmosphere as nitrogen gas. The farm must therefore employ a strategy to re—
establish and maintain the nitrogen status of the pasture.

Dung beetles delay the loss of nitrogen due to volatilisation in pastures. Dung and its
nitrogen component is mixed into soil and at various depths by the beetle's tunnelling
and dung burial activities. Simply burying dung immediately slows nitrogen loss: and
increasing the dung's contact with soil and soil water ensures that much of the nitrogen
is mineralised in reactions with the colloids in the soil and is also dissolved as nitrogen
salts in the soil water.

All this furthers the opportunities of pasture plants to access and use the previous year's
nitrogen. The recycling of nitrogen in pastures has its own peculiar problems
associated with its volatility. Ideally nitrogen should be reincorporated into the soil
rapidly to obtain maximum recycling benefits.

The situation with other nutrients — phosphorus, potassium and trace — in a recycling
sense is the same as that discussed for nitrogen, but with two major differences. These
other nutrients are not lost to the pasture by volatilisation. However they cannot be
'created' in pasture in the way that nitrogen is fixed by legumes. Instead, the farmer
must apply these as fertilisers, and with all the ensuing costs.

Dung beetles allow the farmer more 'bites at these other nutrient cakes' too!



C-4.2  Nutrient banding

Most dung beetle activity is confined to an area just under the dung pad and up to a
depth of 300 mm. Of course this is influenced by the soil type and the physical
difficulties faced by the beetle working that soil, soil moisture, and the species of dung
beetle itself, However, generally we can say that dung (and its locked up nutrients) is
banded at the root zone by the dung beetles and at a site where it will most benefit the
pasture plants.

With the removal of dung from the soil surface, dung beetles alleviate the problem of
nutrient loss from pastures into catchments, in two ways:

(1) Initially dung is physically removed and banded at the root zone of the pasture.
Some nutrients may be mobilised, but lateral or downward movement of these
dissolved immobile nutrients in soil is considerably slower than the movement of
nutrients dissolved in run—off (or even as whole cow pats floating down stream!).

(2) Furthermore, at the time that the rains are mobilising dung-borne nutrients in the
soil, pasture plants are starting their growth. These banded nutrients are well
placed for use by pastures at the 100t zone, and they are then locked up in plant
tissue until again consumed by livestock.

In summary, dung beetles can play an important role in recycling macro- and
micro-nutrients in a pasture. In turn this can bring cost benefits to farmers and farming
communities. Dung beetle activity provides nutrients in a form and at a site readily
accessible by pasture roots and also allows the pasture to recapture the nutrients rather
than them being lost from the pasture and into the catchments.

Footnote: The dung beetle, Onitis caffer is becoming increasingly common on the
south-west coastal plain from Bindoon and southwards to Pinjarra. In the early days of
the CSIRO dung beetle project, pasture improvement and defouling were important
considerations in the selection of dung beetle species for subsequent importation.

Recent research at Moloto in southern Africa has shown that caffer buries dung at an
average depth of 1 m (and up to 1.3 m). Generally, nutrients banded at such a depth
would be unavailable to shallow—rooting annual pastures. This knowledge may have
eliminated caffer from consideration for importation by the CSIRO.

However, farming shifts have seen a new wave of pasture species being evaluated, with
a recent emphasis on perennial legumes and grass species. These plants are often
deep-rooting and have lower fertiliser demands than traditional annual pasture species.



So, while dung buried by caffer may be beyond the reach of annual pastures, deep—
rooted perennial pastures may derive much benefit from caffer activity. Could it be
that caffer was 20 years ahead of pasture trends in Australian agriculture?

C-5 Keys and classification

The basis of the knowledge used in classifying the beetles and flies for BIOSCAN is
drawn from an existing plethora of scientific literature. Our base knowledge of
taxonomy itself evolves — its foundations based initially upon commonalities and now
fine-tuned with today's science tools (for example, the molecular biologist's
examination of the sameness — or otherwise — of a beast's DNA and enzyme systems).

Ultimately we aim to classify organisms into a phylogenetic ('natural’) system albeit
with its underpinning evolutionary assumptions.

But, for practical reasons it is often more convenient to classify our samples according
to an arbitrary, artificial system. We cannot always access a dissecting microscope to
count the number of chetae of the prothorax of a bluebottle fly! We hope that the
BIOSCAN classification keys provided for nuisance flies and dung beetles, enable a
class to identify, hopefully to species level, the flies and beetle samples with our
user—friendly keys.

Note: The level (of difficulties) for classification of nuisance flies is outlined in
BIOSCAN Activity sheet 2, Stages 1, II and III. The class has the option of
following the key to identify the flies to a level determined by the teacher
and the class' ability and level of knowledge and understanding.

Dung beetles comprise an artificial grouping based conveniently on the beetles' dietary
habits. In this arbitrarily defined grouping, as we have seen, only those beetles which
feed primarily on dung, and whose larvae in turn feed only on dung, are termed, dung
beetles.

We will illuminate the way a little, by way of example. The introduced species
Geotrupes spiniger (adults and larvae) feeds on dung, whereas Australian species of
Geotrupidae generally do not feed on dung. While the Scarabadae are assumed to all
be dung beetle, some species are not, and have evolved new strategies for survival,
for example, beetles of Coptorhina and Delopleuru species that feed upon fungi, and
Onthophagus latigibber buries dead millipedes for its larvae.

Therefore, to summarise, this artificial assemblage (the dung beetles) is comprised of
all those species of the super family, Scarabacoidea, of which both adults and their
larvae feed upon dung.
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PART D
STUDENT ACTIVITIES

D-1 Pre-Bioscan student development suggestions
D-1.1 Importance of farming

D-111 Focus questions

What are farms? Why do we have them? What are they for? Who needs them? Are farms
natural or man-made environments?

D-1.1.2 Pre-lesson preparation

*  Divide the class into groups of four or five, each with a mixture of abilities and talents
so that no one group is less able than another. Record names of group members.

*  Write the above questions on the board.
*  Have scrap paper available for each group's note taking.
*  Have pencils and a file or clipboard.

*  Use an outdoor space if weather permits.

D-1.1.3 Lesson introduction

"A part of the study this term will concentrate on agriculture or farming. Much of our land
is used for farming. In recent times there has been news coverage of international
arguments over agricultural products. But I wonder .....

What are farms? Why do we have them? What are they for? Who needs them? Are farms
natural or man—made environments? Do all people have the same ideas?

Today I'd like each of you to hear from one another about your thoughts. I will divide you
into groups.

By the end of this 30 minute—session each of the groups will be asked to give a verbal report
to the class on their ideas. You may decide to elect a spokesperson to read your notes or
alternatively take turns in giving your responses to each of the questions on the blackboard.

Before you move outside to the area where the discussion will take place, each of the group
members should jot down at least one of the questions to discuss and take the paper and
pencil to where the group discussion is to take place.

These are the groups ..." (Teacher announces the groups).



for farms. Any doubtful conclusions could be thrown back to the class for further discussion
or else used as basis for library research for clarification.

D-1.1.4 Post lesson activity

Students draw a Product chain showing the relationship between a leather, woollen or cotton
garment, and the soil on a farm; or alternatively, between a selected food item and the soil on
a farm.

Each link in the chain should be labelled.

€.g. grass in soil sheep eats grass jumper from wool

For an extension of this activity, the location of the type of agriculture that provides a
product could be shown on a map of Australia.

D-1.2  Insect life cycles

All insects do not go through the same life cycle stages. The more ancient insects and their
descendants, such as cockroaches, locusts and grasshoppers hatch from eggs into miniature,
immature forms of the adult (see Figure 2). These insects moult as they mature.

Figure 2 opposite page



larva or
caterpillar

Figure 2. The stages of development in insects. On left, incomplete change’, that is, young
insects emerging from eggs are called nymphs —as they grow, they shed their
skin in a number of moults. On right, a growth pattern of ‘complete change’,
that is, eggs — larva (caterpillar) — pupa — adult.

More modem insects — such as beetles, butterflies, moths, ants, bees and wasps have distinct
stages.

Out of the egg comes a larva which moults its skin as it grows but it remains a grub.

Later this forms a pupa or chrysalis. Inside this pupa the whole body reduces to a fluid and
is restructured into a totally different kind of creature.

When this emerges it is a fly, moth or beetle etc. Once the exoskeleton is hardened the
insect grows no more.

D-1.21 Insectlife cycle activities

*  When you go on a mini-beast hunt in 'Habitat Explorer' (see following pages), classify
the insects in another way — by which of the above life cycles it has.

*  Each person in the class or group is to research a different insect.
Include as part of the report where and how the eggs are laid, the stages through to adulthood

including where each stage lies and what it feeds on. Additional information such as
whether the parent adult cares for the young should also be included.

Use an information text such as the Bookshelf book, Caterpillars by Robin Green, as a
mode! for setting out text and illustrations. The finished products could be published
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Use an information text such as the Bookshelf book, Caterpillars by Robin Green, as a
mode] for setting out text and illustrations. The finished products could be published
separately, including cover, title page, publisher etc., or published as a compilation of class™
work. '

(i) Begin by brainstorming for types of insects. Ask the students to check that the
suggestion fits the description of an insect adult - six legs, three sections of the body
(head, thorax or middle, abdomen).

Some students with more gruesome tendencies may be interested in some of the
parasitic wasps.

(i)) Check resources to find which insects are covered. Some observant students may be
able to provide their own information based on actual observations.

(ii1)) Having established the insects which can be researched, these should be assigned to
the students.

D-1.3 Habitat explorer

*  Living things exist in a variety of forms and live in a variety of places.
Exploration of the school grounds or other suitable area.

D-1.3.1 Material
*  Hand lenses.
*  Butterfly or pantihose nets.

*  Tweezers made from plastic milk bottles or similar (see BIOSCAN Field Excursion for
instructions).

*  Jce-cream or margarine containers for collection boxes.

*  Clipboards, pencil and paper.

Students should work singly or in pairs to search for mini-beasts in the following habitats:
up high (30 cm and above); down low (surface of ground to 30 cm); beneath things (leaves,
rocks, soil surface etc.). They may be designated a habitat to explore and report back to the
class on their findings or alternatively they may take turns in exploring all habitats.

Mini-beasts in branches can be collected by spreading a white sheet below the branch, and
shaking it with sharp upward movements. The insects that fall will be easily visible and will
collect on the sheet.



Students should use observational skills to fook for body shapes adapted for the habitat of
origin and look at the shape of body parts to draw conclusions on what type of food the
creature is adapted to cating. Conclusions drawn should be supported with observations and™
1easons. '

These observations can be included as labels on carefully drawn sketches. Unknown
creatures can have names created for them, for example, 'yellow helmet caterpillar'.

It is suggested that the following areas be addressed for each habitat before proceeding to the
next habitat. (Please refer to the following sample worksheet.)

Note: The information gained in this activity will be useful for setting up a vivarium as
outlined in BIOSCAN Supporting Activity Sheet 6.



HABITAT EXPLORER REPORT

Location of habitat: =t

(Words or sketches with labels)

Living conditions in habitat (for example, moist, light but shaded):

Size of habitat; cm X cm X cm

Number of different kinds of creatures in that habitat:

The most common kind of creature in that habitat and number counted:

No.:

My most interesting creature looked like this

Sketch of my creature with labels to show how it is specially adapted for where it lives.



D-14 Getting to know your beasts

With the help of your teacher and some biology books and Common dung beetles in pastures
of south—eastern Australia (BIOSCAN kit), you can label the parts of a bush fly and a
beetle.

When you are happy that you have labelled your beasts properly, you can go on to label the
life cycle diagrams in this work sheet. Check with your teacher and your reference books.
Make sure that you are getting the labelling correct.

"How are the bush fly and dung beetle similar? (Remember that both are insects.)
How do they differ?
How are bush fly and dung beetle life cycles similar?

How are they different? (Consider the various stages of each and where those stages are
found.)

Your teacher will explain to you the term, interference competition and how this works.
Where on the dung beetle/bush fly cycle diagram does this occur?

What effect does interference competition have on bush fly maggots — and the fly
population?

What cffect does interference competition have on dung beetle larvae — and on the dung
beetle population?

How do these results affect us and our industries?
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Figure 4. Bush fly life cycle
Hlustration: CSIRO

Figure 5. Dung beetle/bush fly life cycles and interference competition
Hlustration: CSIRO
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- Figure 6. The parts of a bush fly
Diagram: CSIRO



Figure 7. The parts of a dung beetle
Diagram: CSIRO

D-1.5  So, you want to be a scientist?

D-1.5.1 Scientific measurement

It's usually not okay to guess when you are a scientist. You can predict what the results of
your experiment might be, but when you write a report about it, you should only tell exactly
what happened. If you are not sure you should say so.

Take notes while you are working. It may seem a hassle but it's amazing how much detail
can be forgotten in half an hour.

It is important that all the numbers you record are accurate. If you are not sure then check
your notes and figures again. The more exact your records are, the more useful they will be,
now and in the future.
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D-1.5.2 Activity
What is your opinion about the scientific attitudes shown in the following cases?

Case 1

Kim and Lee are counting the flies from their trap. Instead of putting them in groups of five
so that they could easily double check their counting, they counted the group one by one.
They had counted past 70 when they lost count. Lee didn't want to recount them and told
Kim not to worry about it. Lee suggested that they just count on from 70.

As a careful scientist, what would you suggest they do? Why would you suggest that?

Case 2

Leslie and Jessie had just returned from collecting their fly trap. Leslie had forgotten to
write down the final temperature and told Jessie. Jessie was not sure but thought it had been
about 30°C.

What should they do?

Leslie suggested they quickly run back and check it. Jessie said that they should leave it
blank and not write down anything in case the temperature had changed in the past five
minutes.

What do you think? Justify your decision to your discussion group.

Can you think of a case where scientific attitudes might be in question? Why not suggest it
for part of the class discussion?
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D-2 BIOSCAN FIELD EXCURSION

D-2.1 Preparation for the field trapping excursion

Good preparation is important for successful field trips. It is much easier to have tools, baits,
killing agents, killing jars etc. organised before going into the field.

You will need to:

*  Arrange permission for access to a field or farm or an area of native vegetation.
»  Test equipment before excursions to help prevent problems occurring in the field.
*  Make up the baits the day before fly-trapping.

*  Arrange for transportation of students, staff and (smelly) equipment to the excursion
site.

D-21.1 Equipment check list

- Fly trap (in the BIOSCAN Kkit)

- Plastic bags

- Spray bottle (in the BIOSCAN kit) and alcohol or methylated spirits

~  Thermometer

-  Watch

- Wind speed meter (optional) from stockists such as Haines Educational Supplies,
Victoria, for about $14 each, or from surf and ski shops

—  Data recording sheets and pencils

-  Labels

- Spirit marker

- 2 storage bottles or ice—cream containers for the beetle or fly samples

- Dung beetle trap (bowl, sieve and lid in the BIOSCAN kit)

~  Dung (one litre)

-  Water for trap

~  Detergent or soap suds

—  Spades and trowels
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D-2.1.2 Student requirements

-  Clipboard or file

-  Wet weather clothes, or hat and sunscreen as appropriate
- Pencils

—  Collecting jar or tube (small)

—  Sturdy shoes

D-2.1.3 Preparing the fly baits
The fly trap bait consists of:

— 25 grams of minced liver (from the local butcher);

— 50 mL of dung {collected from field);

- 25 mL of 1.5% sodium sulphide solution (smell enhancer).

(* Schedule § poison, use gloves and safety glasses. Contact your district high school or
resource centre, or Dr lan Dadour Ph (09) 368 3910 regarding source and use of
sodium sulphide.)

Method (only to be performed by a teacher, or trained staff)
Sodium sulphide solution: This is made by adding 1.5 grams of sodium sulphide to 100 mL

of water = 1.5% solution (* Schedule 5 poison, use gloves and safety glasses).

The day before setting the traps, place the minced liver in the bait box provided
(see Figure 8). Next add the dung and smell enhancer. Mix the ingredients with a stick or a
spoon.

Leave the mixture overnight to develop a rich aroma.

(* Please refer to the Materials Safety Data Sheet in your BIOSCAN Kkit regarding
hazards and precautions associated with the use of sodium sulphide. Students should
not have access to sodium sulphide in solid or solution form.)
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Figure 8. Fly trap, complete, housing the bait box

D-2.1.4 Trapping and killing the flies

It is a good idea to test the traps before the field excursion.

When the fly trap is to be closed, a small soft plug will be needed to seal off the entrance
hole. This could be a piece of sponge rubber or a cotton wool ball.

The trap can now be unscrewed from the bait jar. Take care that the lid assembly remains on
the fly trap. Otherwise some flies may escape and your information is no longer as useful.

The old bait should now be buried to discourage fly breeding. Smelly containers can be
sealed in plastic shopping bags unti] they can be washed.

To Kill the flies, place them while still in the trap into a freezer.

Alternatively, the flies can be killed by placing the fly trap into a recycled plastic shopping
bag or something similar. Using the spray bottle, spray a short burst into the fly trap and
close off the mouth of the plastic bag. Wait until all movement has ceased before opening
the bag.
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Flies may be left in the labelled trap or, alternatively, carefully empty the dead flies into a
storage bottle and mark it clearly. A piece of paper used as a funnel can be helpful here.

It is easier to sort and identify trapped insects back in the classroom, or the place that you use”
as a laboratory. There, they will be less likely to blow away or get lost if they are dropped.

Collection jars should be marked with the trap site and other relevant information. They are
a useful piece of scientific equipment when carrying out biclogical field studies.

Creative thinking by students should produce suitable junk' materials to use in the project.
Small, plastic drink containers with snap-on lids may be useful, especially if the specimens
inside can be easily seen.

Please tidy up any mess and fill in any holes. Repack your BIOSCAN kit. Make sure the
flies are dead and that they are stored and dried in a clearly labelled paper bag. Make sure
your beetles are stored in a clearly labelled ice—cream container.

D-215 Handling flies

Soft forceps (tweezers), are needed for handling flies during sorting, sexing and counting.
They can easily be made from the soft plastic of 2 litre milk containers by cutting long strips,
1 to 2 cm wide from the side panels of the bottles. These can be shaped with scissors to form
a point.

A class design award could be given for the most efficient design for handling
different insect types. Small, soft bush flies would require different designs from
large insects such as beetles. Include the need to be able to identify the flies while in
the forceps.

—-15-



PARTD
BIOSCAN RECORD SHEET 1

In the field: Dung beetle trapping

This exercise can be conducted once a fortnight throughout the year. Introduced dung
beetles are present from September through to June. Native beetles are usually present from
June to September. This will differ from place to place. Please contact either J. Allen or L.
Dadour at the Department of Agriculture for more details on (09) 368 3673 or 3910.

Equipment

-~ Dung beetle trap (in BIOSCAN Kkit)
- Trowel

- 2 litres of water

- 1litre of fresh dung

~  Shovel

-  Buckets

- Spirit marker

-  Watch

-  Thermometer

- Detergent or soap suds

Siting and setting of the dung beetle traps

Select a site in pasture or a clearing in the bush, and dig a shallow hole. The bowl of the
dung beetle trap should be level with the soil surface.

Carefully back-fill the soil around the edges of the trap bowl. Any beetle trying to walk to
the bait should easily pass the lip of the trap base (see figures below).

Figure 9. Setting up the dung beetle ‘wet'trap
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PART D
Place the grid on top of the bowl.

Half fill the base with water and add a squirt of detergent or soap suds to the bath to reduce -
surface tension.

Using a trowel or similar tool, scoop the dung into the sicve (bait container) until it is full.
Clip the plastic lid (in the BIOSCAN kit) into place. Place the sieve flat side down, in the
centre of the grid. There should be enough room so that any beetles can fall through the grid
and between the sieve and the bowl sides.

Fill in the ficld data sheet.

Leave the trap for 24 hours.

Closing the trap

Trapped beetles are sieved from the trap.

Live, trapped beetles can be held in storage bottles or ice—cream containers (labelled) with
air holes. Take care that they do not fly away when removed from the water.

Dead samples of each species will be needed for identification by the BIOSCAN scientists.
Dead beetles are stored in methylated spirits and kept in storage bottles or tubes. The others,
if alive, can be released or taken back to school for observation. If it is necessary to kill
beetle specimens, this can be done humanely by freezing them back at school. Remember to
record total numbers of live and dead beetles (and species).

Smelly bait containers can be stored in plastic shopping bags until washed for re-use. They
should be soaked and scrubbed with an old toilet brush or similar tool.

On completion

Please tidy up any mess and fill in any holes.
Repack your BIOSCAN kit.
Update your field data sheets.
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PARTD
BIOSCAN FIELD RECORD SHEET
FLY AND DUNG BEETLE TRAP DATA

A field data sheet should be completed for each beetle or fly trapping exercise.
A new sheet should be completed for each different day, and for each different site.
The fly traps are usually opened for one hour, some time between 10.00 a.m. and 4.00 p.m.

. The beetle traps are usually set for 24 hours, for example from, 10.00 a.m. today until
10.00 a.m. tomorrow.

Field data
Student name Today's date
School Class

Site description  Bush (Y/N) Bush type (e.g. Marri woodland)
Farm (Y/N) Farm type (e.g. Open pasture efc.)

Today's weather ~ Temperature at the start of trapping °C
Temperature at the end of trapping °C

Other weather observations
(Sky) Sunny

Overcast

(Rain) Occasional showers

Continuous

(Wind) Calm
Gentle breeze
Moderate to fresh breeze

Strong breeze

Direction from which wind is blowing - Wind speed km/hr
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PART D

BIOSCAN RECORD SHEET 2

In the field: Fly trapping (for planning this exercise, refer to D-2)

This exercise can be conducted once a fortnight throughout the year depending on where you
are located. Bush fly activity in the south—-west is restricted from September to March.
Schools outside this area should contact either J. Allen or I. Dadour at the Department of
Agriculture for more details on (09) 368 3673 or 3910.

Equipment

-  Fly trap (in the BIOSCAN kit)

- Fly bait prepared from the day before

- String or wire to secure trap (in the BIOSCAN kit)
~  Plastic shopping bags

~  Spray bottle and alcohol or methylated spirits

- Storage bottles or ice—cream containers

—  Spirit marker

-  Waich

-  Thermometer

- Wind speed meter (if you have one)

Siting and setting of fly traps

The fly trap should be sited about 1 to 1.5 metres off the ground. The top of a fence post
would be suitable. Or the trap could be slung on and under the top strand of a wire fence.

The flat end of the trap should be pointed into the wind so that the wind blows through the
trap, past the bait and out the cone side. Wet a finger in your mouth (not one that has been in
the dung!) and held it up in the air. The side that gets cold is the direction from which the
wind is coming.

Remember to face the cone away from the wind! Flies will follow the scent upwind and into
the cone opening.

Record the air temperature 1 meter off the ground in the shade of your body or of the fence
post. Direct sunlight will warm the thermometer to a higher temperature than the
surrounding air. This would give a false reading.

After one hour, close the trap, record the required data on your sheet and any other
information you think may be useful for the scientists for your own investigations.
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PARTD

Kill the flies as you did in your trial trapping session.

Use your field data sheet or other paper to funnel the flies into your fly trap. Record the date.:
and trap site on the bottle.

Smelly bait containers can be stored in plastic shopping bags until washed for re-use. They
should be soaked and scrubbed with an old toilet brush or similar tool.

On completion

Update your field data sheets.

Please tidy up any mess and fill in any holes.

Repack your BIOSCAN kit.

Make sure the flies are dead, and stored in a paper bag for drying.

Note: The fly traps become brittle if left for long periods in sunshine. It is recommended
that they be stored in a shaded place, in the BIOSCAN box.
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| PART D
BIOSCAN FIELD RECORD SHEET
FLY AND DUNG BEETLE TRAP DATA

A field data sheet should be completed for each beetle or fly trapping exercise.
A new shect should be completed for each different day, and for each different site.

The fly traps are usually opened for one hour, some time between 10.00 am. and
4.00 p.m.

The beetle traps are usually set for 24 hours, for example, from 10.00 a.m. today until
10.00 2.m. tomorrow.

Field data
Student name | Today's date
School Class

Site description  Bush (Y/N) Bush type (¢.g. Marri woodland)
Farm (Y/N) Farm type (e.g. Open pasture etc.)

Today's weather =~ Temperature at the start of trapping °C
Temperature at the end of trapping °C

Other weather observations
(Sky) Sunny

Overcast

(Rain) Occasional showers
Continuous

(Wind) Calm

Gentle breeze

Moderate to fresh breeze

Strong breeze

Direction from which wind is blowing Wind speed km/hr
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PART D
BIOSCAN ACTIVITY SHEET 1

Beetle identification

The identification of the dung beetles that you have trapped on the excursion will provide
some very useful information on the types of bectles that live in your district. The
BIOSCAN scientists are interested to know this too. From this we can also work out which
species are not present. This is important knowledge as it may lead to new dung beetles
being introduced to your district.

The key that you use to identify your dung bectles is an important tool for the biologist. It
helps you to logically work through various steps, and to answer our question — what species
is that?

Once you have arrived at the correct names for your dung beetles, you can proceed to find
our more about those species.

Materials

- Dung beetle key

~  Dried dung beetles from the excursion

—  Approximately 30 ice—cream containers

-~ Trays for beetle sorting: one per group

—  Hand lens, stereo microscope or bench top magnifier: one per group

Method

The dung beetle sample can be divided evenly amongst the class groups.

Spread your sample out and over the sorting tray. Place similar beetles together, using such
features as size, shape and colour to distinguish between the different types of beetles.

When you have sorted the beetles into lots, you can then start working through the key to
determine the species name of the beetles in each lot. Your teacher will help you to identify
the dung beetles correctly.

When all the groups have identified all their beetles, each beetle species is placed into its
own container. The container is labelled with the beetle species name, and the total number
of beetles in that container.
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PARTD

The final tally for numbers of each species can be recorded on a table showing: species
name and number of each species caught. Use the Collection Data sheet which is most
suitable.

Remember to send us this data. This information is very important for our research
into the distribution of native and introduced dung beetles.

A sample of what you catch and identify can be sent to 1. Dadour at the Department of
Agriculture Western Australia, Entomology Branch, Baron-Hay Court, South Perth
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BIOSCAN BEETLE TRAP COLLECTION FORM

STAGE I

Species

TOTAL

Shiny black

Matt black

Light brown

Dark brown

*

Add other categories as you get better at identifying beetles.
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PARTD
STAGEI + I
BIOSCAN BEETLE TRAP COLLECTION FORM

Species TOTAL

O. binodis

O. taurus

O. gazella

E. intermedius

E. pallipes

E. fulvus

O. alexis

O. caffer

O. aygulus

0. ferox

Aphodius species
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PARTD
BIOSCAN ACTIVITY SHEET 2

Fly identification

The identification of the flies that you trapped on the excursion will provide some very
useful information on the types of flies that live in your district. The BIOSCAN scientists
are interested to know this too. From this they can also work out which species are not
present. All of this is important knowledge as it may lead to predictions being made about
when flics become abundant and possible methods that they can use to control their
numbers.

The key that you use to identify your flies is an important too} for the biologist. It helps you
to logically work through various steps, and to answer the question — what species is that?

Once you have arrived at the correct names for your flies, you can proceed to find out more
about those species.

Materials

-  Fly key
- Dried fly samples from the excursion
- Approximately 30 ice—cream containers
- Trays for sorting the fly samples; one per group
- Hand lens, stereo microscope or bench top magnifier; one per group

Method
The fly sample can be divided evenly amongst the class groups.

Spread your sample out and over the sorting tray. Place similar flies together, using such
features as size, shape and colour to distinguish between the different types of flies.

When you have sorted the flies into Iots, you can then start working through the key to
determine the species name of the flies in each lot. Your teacher will help you to identify the
flies correctly.

When all the groups have identified all their flies, each fly species is placed into its own
container. The container is labelled with the species name and the total number of flies in
that container.

Sex is also important to know for bush flies.
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PARTD

The final tally of total numbers of each species can be recorded on a table showing: species
name; and number of each species caught. Use the Collection form which is most suitable.

Remember to send us this data. This information is very important for our research in
ascertaining those areas of high fly density.

A sample of what you catch and identify can be sent to 1. Dadour at the Department of
Agriculture Western Australia, Entomology Branch, Baron—Hay Court, South Perth.

27—



SOA3 UMOIq
pazis-Ap) Isnoy
‘SIlf) yoerd
¥O
sory K218
Jo yoelg
soy[y £218 e
Atureiy
€0 N
Sal[ymoIq
PESS
<O
s97]} umoig N
JO UIIIH
19
saPMmoIq
umolig
10

I IDVLS
A A4

so1 padden
24} Jo IV
v




8242 umoiq

pazis—-AQ asnoy

SoIp Ao18
Jo yoelg
(4:

sarg padden
g Jjo v
IV .

$9I] UMOIq
10 U1
14

'831F yoeld
O
xeloy) uo sadins ¥
‘oY A1D
oq sty A213
A
usawopqe palanbayd ich
x.ﬁmmu uo sadins g L218)
‘S37Y) A2 vwnm_ 0} [ews
SOIPMO]q U228 ofre
¥a S9MOIq
U231
pazis Ap ysnq €
Apmorq u3a1s rews
eda
UM0Iq uuopge
‘Appmolq umorg
eod S2IIMOIq
umosg
aidmd yjm paddn 10
ulwopqe *Apmojq umorg
1d

I 3DVLIS
AN A4




IIT 49V .LS

II d9VLS
AdN A4

satyy padden
a1 Jo 1Ty
v

PIDHSOL DIDIOIPALY & €
GSTMO[A A[joq 191a30)) *A B sxed A
Z 28010 8242 ‘sorpgusng _ p
Ag qenq eI S wisspsniaa posma) ¥ _B%mnhsw Mow_w“”uncﬂ
[y ] I L xelo1 o sadins ¢ bt Aoy
P 518 01 gSTIORIq A7j2q . ! ‘paz1s-AQy ssnoy
UMW € —mrarssismmnmosTul ] ‘wede sako ‘Somgysng 11113 sared 3&%6 N wwﬁ )
ESTETT) P o Z M 3f¢ Xeloy) . ™ I &
vonsowop vosnyy & Suoe sadwis ¢ uauIOpqe paranbatd L 10 yourg
2 | ‘xelo) uo saduis ¢ 7
S ‘sat] £218 oFre] o1 [eg
aup18vydoo.ivg 4 sq ST ef | T
3re] ‘uawiopqe o a3ur) - mep  —
D1y dao0IN » peay 3 ' Yor|q SopeNds
(M]q ‘SSIFMO[Q UL : satgmolq £
piwosdiy) gsmiq JJED, SIA[MO
(43 v NmS 0 usard _M-m.__ﬁm samo1q usaid a8re]
il
DIDILISS DYINT mLOPGE U9AIF~IZU0Iq 0} peay JO opIs Teiom a3 SAIMOTq
@ ounidmo oyony [ usesd uped ‘saygamolq 1103010 | uo apends 3, ogm ,quowM_m £a18 pazis-A|J ysnq Iy
p L5/ Unm Amolq ueaig) SOYMO]q U0 Agmorq uaaid [rewg [48)
sappfifri pwosliyy 1€ 1A 14 td {[J UmOl
10 UBAIn)
vysnqos proydyoy \\\ AﬂBEn tamiopqe 14
Agmolq umosg SAMOIq
sadiion pAuiosdngy . « e
: srdnd yim paddy 1)
stiomoLiqe vioydin) U3WOPqE ‘A3 m0iq Umoig
3 suofupa vroydiys) 1d
o1qnp vaoydyip) 1\\\\\\\\\\\!

I D VLS




BIOSCAN FLY TRAP COLLECTION FORM

STAGEI + 11

Species

Number males

Number females

TOTAL

Bush flies

Brown flies

Green Flies

Other black flies

Other grey flies

Other flying
- insects
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BIOSCAN FLY TRAP COLLECTION FORM

STAGE L II + 111

PARTD

Species

Number males

Number females

TOTAL

M. vetustissima

M. domestica

C.varifrons/
C. albifrontalis

C. dubia

C. robusta

C. rufifacies

L. cuprina/
L. sericata

C. megacephala

C. varipes

H. rostrata

Sarcophagidae

Other flying insects
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PART D
BIOSCAN SUPPORTING ACTIVITY SHEET 1

'Population explosion’ (a calculator maths activity)

First generation

One female bush fly lays 50 eggs. Ten days later 30 per cent of the eggs have survived to
produce adults.

How many is that? (30 +100x50=)

Assume half of those hatched are females. How many is that?
(Adult survivors x 1/2 =)

Second generation

Assume each of the females of the first generation lays 50 eggs; 30 per cent survive and half
are females.

How many females in the second generation?

Repeat the process for a three—month time frame, that is, 90 days or nine generations.

3rd generation
4th generation
5th generation
6th generation
7th generation
8th generation
9th generation

How many male and females are in the ninth generation?

Why not draw a line graph of this information. What do you notice about the shape of the
graph?

That many from just one female fly!

Where does all the dung come from for them to breed In?

Cattle droppings average 2 litres per pat which is sufficient to rear 1500 bushflies: ten times
more than your average dog or human stool. But cattle actually do their business about 12
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times a day. In fact it is estimated that the cattle in Australia produce about 350 to 400
million pats per day. How many litres of dung is that? We're practically drowning in it!

How many flies could be produced from one day’s droppings of one cow?

A week's droppings from a cow?

Compare that to a dingo which might only pass a dropping a few times in a week ___

How much poo can one cow do? (More number crunching)

Each head of cattle produces about 10 pats per day. In Australia there are more than
20,000,000 head of cattle.

Let us say that each pat covers an area of 20 cm by 20 cm (many are actually bigger). Use
your ruler to get an idea of just how big that is.

How many pats of this size would it take to cover 1 square metre?

Let's also imagine that 20 million head of cattle lined up side by side in the morning at
10.00 a.m. (imagine how long the line would be) and on the count of three, each animal
passed one of those pats.

With that one collective squirt, what area of land was buried?

e.g. 20,000,000 x (400 cm? + 10,0002 cm) = how many hectares?

A hectare is an area equivalent to 100 m by 100 m or 10,000 m?, roughly the area of a
football oval. How many football ovals were covered in that one squirt?

Imagine they all took one small step forward before the next dropping, and all the droppings
after that.

How many football ovals covered after one day?

In the past, cow pats have dried hard in the paddocks and remained there for months or even
years. If all the cow pats from our 24 million cattle line—up, and all cow pats for one year
were still present in the pasture, what was the final size of the collective cowpat?

m?
ha
km?2
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When dung beetles are active and abundant they can completely bury a cow pat in 3 to 6
hours.

Imagine a small army of dung beetles behind each cow. Assume that there were sufficient
beetles to consume each day's droppings. How much dung would there be at the end of the
year?...only that which had been dropped in the last couple of hours and even that would be
disappearing fast!

Of course such an idealistic situation is unlikely to occur in real life due to weather, climate,
environment, time of day and whether the dung beetles can find the pat. Nevertheless the
effect of the dung beetles can be quite spectacular.

Drowning in poo and crazed by bush flies? Dung beetles to the rescue!

You may have read how beetles compete for dung and how they try to get more dung for
themselves by avoiding the competition. They also compete with other animals for this
nutritious delight — one of them being, you guessed it, bush flies!

Bush flies like to get to a pad while it is fresh and lay their eggs in a crevice which will
remain moist and soft for a few days. This is just enough time for their eggs to turn into
maggots and burrow down into the dung and start feeding. Meanwhile, the outside of the
pad gets crusty and stops the pad from drying out too fast. In other words they do not like to
be disturbed.

Enter the introduced dung beetles. These beasts do not hang around in the pad squabbling
for days over every scrap of dung. Oh no! They dig a hole, parcel up the dung they want
and bury it out of reach below the soil. What is more, while they feed in the rest of the dung,
eating their fill, they shred it to pieces. The fly maggot has little chance of finding a piece of
moist dung to cat because it dries out after it has been shredded.

Question

When the dung beetles and the flies compete for dung to eat and breed in, which is the
superior competitor? Or, in other words, who wins the competition?

Describe how they win the competition and keep the dung for themselves.
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BIOSCAN SUPPORTING ACTIVITY SHEET 2

Pasture fouling

In Supporting Activity Sheet 2 we estimated how much dung a cow could produce each day;
and we estimated how much pasture is covered by this dung each day; and we extrapolated
that information to the whole of Australia.

We based our estimations and caiculations on other people's estimates of cattle dung
production, and the number of cattle in Australia (etc.).

In this exercise we will still rely on other people's estimates of dung per day per cow. What
we will see, in a real way, is the potential of a small herd of 'cows’ (your class!) to foul
pasture.

Each student will be required to produce his/her quota of ‘cow dung' in a paddock, without
getting dirty hands (instead of using real dung, we will use paper bags.

Materials required

—  Several hammers (or maliets)

-  Camera and film (one exposure per student)

—  Maths tables (with random numbers)

- 12 garden stakes (or straightened coat hangers) per student

- 12 white paper bags per student

- 12 clothes pegs per student

- Access to a level open paddock or field (or oval) — obtain owner's permission first
- A map of your 'paddock’ marked with your twelve 'dung pat' sites

Method

Your teacher will explain to you how to use random numbers. This will allow the class to
make sure that the 'dung pats' are spread evenly over the experimental area (‘the pasture').
Your teacher may be able to suggest simpler means of randomising your ‘dung pats’. When
you have decided how to position your 'dung pats', you can now move into the 'pasture’ and
mark each site with a bag, and a peg, and a garden stake.

Remember to take particular care with your stakes and hammers — you are sharing the
‘paddock with other cows'!
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When you have positioned all twelve of your 'pats’, have a look back over your work and that
of the other students’. Go back to each 'pat’ and set the garden stakes in the ground securely
with a hammer. Place a paper bag over the stake and secure the bag in place with a peg.™
Repeat this procedure with each of your ‘pats’.

The class photographer can now photograph the paddock, making sure that all of the bags,
from front to back, are in focus. Hopefully, your camera can take a photo which includes all
of the bags and the boundarics of the 'paddock’.

Take the same photo a number of times so that each student will have a photographic record
of your experiment.

The class has now simulated the dung fouling action of a small herd of 'cows’. The result is a
model of approximately how much dung would be passed by those 'cows' in one day. It
provides a visual representation of the potential of those 'cows’ to foul their pasture.

For discussion
Can you relate your results to what really happens with real cows in a real paddock?

(For example, do cows randomly foul pastures, or are there other places where the cows
'bunch up' and the dung accumulates?)

What are the similarities between the model and reality?
What are the differences between the model and reality?
How good is your model?

Where else are models used?

What good is modelling?

—34—



PARTD
BIOSCAN SUPPORTING ACTIVITY SHEET 3

Dung beetles and fertiliser

(Teachers please note: The various soil treatments outlined below can be performed when
dung beetles are available, and then the pots can be stored for later sowing and growing of
the experimental plants.)

One of the macro-nutrients in cattle dung is nitrogen. Nitrogen (N) is also one of the
'building blocks' used to make protein for muscles. The others are potassium (K) and
phosphorus (P). Micro-nutrients in dung include calcium, sodium, iron, manganese, and

copper.

Dung beetles digest the bacteria in dung fluids. They then use this bacterial protein to build
their own tissucs, especially the muscles that they need for their strenuous digging activities;
and for the muscles that power their wings in flight.

If dung is left on the soil surface the nitrogen eventually becomes nitrogen gas and is lost
back into the atmosphere (a process termed, volatilisation). More fertiliser must be brought
in to replace the lost 'building blocks'.

When dung is rapidly buried below the soil surface much of the nitrogen is turned into
nitrates which plant roots absorb and use as 'building blocks' for the plant's growth. This
reduces the need for replacement fertilisers. Nitrogen at this stage, is being recycled by the
beetles back to the plant.

The farmer can spend less money importing expensive fertilisers to the farm, and less money
on fuel for the tractor when applying the fertiliser. The time saved by reducing these
operations is also a benefit to the farmer.

Activities
Can nitrogen return to the soil from the atmosphere?

*  Nature recycles its materials - water, nitrogen, carbon, phosphorus etc. The energy
source which powers these processes is the sun. Research the Nitrogen Cycle to find
out how nitrogen is recycled.

*  Consider other plant nutrients such as potassium, especially phosphorus, and the
micro—nutrients, and their recycling in the pasture ecosystem.
(How does phosphorus affect plant growth — and how does phosphorus affect our
waterways?)
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