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I.

VISION

Effective feral animal, weed and fire management are extremely important components of the
Arafura Swamp Rangers Aboriginal Corporation Health Country Plan (HCP). The HCP
vision expresses the reliance on healthy country for the people, their culture and tradition.
The HCP vision;
“Healthy Country, healthy tucker, healthy families, living on our
homelands. The right people are speaking for country, passing knowledge
from the old to the young. We have strong ceremony, family and language
for Country.”

Achieving effective feral animal management will contribute to fulfilling this vision.

iii

1.

INTRODUCTION

Four species of hoofed feral animals occur in Arafura Swamp and the surrounding country.
These are feral water buffalo, feral horses, wild cattle and feral pigs. Water buffalo, wild
cattle and feral pigs are species of concern in terms of their abundance and damage
impacts. The feral horse population is very small and at this stage their environmental
impacts will be negligible and of no consequence given the presence of large numbers of
the other feral species.
Buffalo, wild cattle and feral pigs are a major threatening process to the biodiversity of the
Arafura Swamp. They have a direct impact on vegetation (plants and plant communities)
and landscape function through grazing, digging, wallowing and trampling. These feral
animals also have a direct impact on the traditional culture of the Yolngu and Bi people
through habitat modification, damage to cultural sites and damage to cultural resources
such as bush foods (Arafura Swamp Rangers Aboriginal Corporation Health Country Plan,
2017). Feral animals also have an economic impact to the community and land owners.
Buffalo destroy saltwater crocodile (Crocodylus porosus) nesting habitat in the Arafura
Swamp, reducing the size of the annual commercial egg harvests, which reduces the income
generated from the swamp. The spread of noxious weeds (mimosa (Mimosa pigra) and
olive hymenachne (Hymenachne amplexicaulis) and the creation of erosion areas by feral
animals increases the costs of land management (see A Five-Year Management Plan for the
Control of Water Buffalo in the Arafura Swamp, Arnhemland for 2013 – 2018, August 2013).
In 2018 the Healthy Country Plan (HCP) was prepared for the Arafura Swamp Rangers
Aboriginal Corporation (Asrac). The HCP documents the threats feral animals pose to
healthy country and the goals the Yolngu and Bi people want to achieve through improved
land management.
The HCP requires the control of buffalo and other feral animals to reduce the threats they
pose to country.
The 2021 – 2025 Feral Animal Management Plan addresses control of buffalo and other
feral animals that are of concern the Yolngu and Bi people. The 2021 – 2025 Feral Animal
Management Plan is guided by the Health Country Plan (HCP).
Eradication of feral animals is not realistically achievable because the cost to find the last
few animals would be prohibitive. Also, the feral populations in the Arafura Region are not
closed off from surround areas that contain feral animals. As numbers are reduced in the
Arafura region feral animals from surrounding country will migrate into and repopulate the
region.
Total eradication is not necessary to manage the damaging impacts of feral animals. The
aim of the 2021 – 2025 Feral Animal Management Plan (Plan) is to reduce feral animal
populations to a level that significantly reduced damage and is sustainable in the long term.
In the case of buffalo, the Yolngu and Bi people do not want to totally eradicate buffalo as
these animals are important as a source of food and income. If the aim of the Plan is
1

achieved it will maintain a viable population of buffalo in the Arafura region, while
addressing their detrimental impact to country.
1.1 Site description, Regional context and Definitions
1.1.1
Asrac Management Area
This is the region over which Asrac conducts natural and cultural management activities and
is seeking to declare an Indigenous Protected Area. This area is centred on the vast wetland
of the Arafura Swamp/Gurruwiling, and comprises the surrounding upland catchment areas
consisting of woodland, jungles and rock country, the freshwater streams, and the low-lying
coastal plains to the north and north-west of Gurruwiling affected by tidal influences,
including tidal creeks and estuaries. Also included in the Asrac management area are the
coastal waters of Castlereagh Bay. This area covers approximately 11,000km2.
1.1.2
Feral Animal Management Area (FAMA)
This is the area within the Asrac Management Area identified by the Gurruwiling, Wanga
Djakamirr and South-East Arafura Catchment Ranger groups in 2013 as the management
area for feral water buffalo (ABS Scrofa (Australia) Pty Ltd, June 2013). In previous buffalo
management reports and the 2013 – 2018 Buffalo Management Plan this area was referred
to as the Arafura Swamp Region or the Arafura Region.
The FAMA is an area of approximately 5037 km2comprising the coastal country between the
mouth of the Blyth and the Woolen River, the Arafura Swamp, part of the south-east and
southern catchment country, and the on the western side extends across to the escarpment
country along the upper Blyth River. The FAMA has been divided into three major landscape
areas for purpose of buffalo management (Figure 1).
These are:
1) the woodland area – which includes the uplands surrounding Gurruwiling and part
of the freshwater catchment area to the south of Arafura Swamp.
2) the coastal plains – the low-lying plains to the north and north-west of Gurruwiling
affected by tidal influences, and
3) the swamp basin – the central Arafura Swamp (Gurruwiling) and floodplains
extending from the swamp along the Glyde River to the coast is referred to as the swamp
basin in this Plan. This is the main target area for feral animal management. The size of the
swamp basin is approximately 1650 km2.

1.1.3
Significance of the Arafura Swamp/Gurruwiling
The significance of the Arafura Swamp to the Yolngu and Bi people and to the national and
International community has been documented in the following reports;
• Arafura Swamp Rangers Aboriginal Corporation Health Country Plan, 2017.
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• A Five-Year Management Plan for the Control of Water Buffalo in the Arafura Swamp,
Arnhem land for 2013 – 2018. Report to Territory Natural Recourse Management
(ABS Scrofa (Australia) Pty Ltd, August 2013).
• Biological Inventory of the Arafura Swamp and Catchments. Report to Natural Heritage
Trust. Parks and Wildlife Commission of the Northern Territory, Darwin (Brennan et
al 2003).
• Department of Natural Resources, Environment, The Arts and Sport Webpage. http: //
www.nt.gov.au/nretas (NRETAS 2013).
• An Aerial Survey of Feral Water Buffalo in the Arafura Swamp Region. Final Report.
(June 2013) Unpublished report to the Northern Land Council (ABS Scrofa (Australia)
Pty Ltd, June 2013).
These three areas are shown on Figure 1. The buffalo population is spread across these
three areas which is important from a management viewpoint. Management actions to
remove buffalo from one part of the region will be affected by the number of buffalo in the
entire region. Therefore, effective control of buffalo in Gurruwiling requires an
understanding of how many buffalo are in the FAMA, how they are distributed, the
population size (the total number in the FAMA) and density (number per km2), population
growth rate and how they move throughout the area.
1.1.4

Definitions

feral animal:

Large feral herbivores (water buffalo, cattle, horses) and feral pigs.

old plan:

This is the old plan titled — A Five-Year Management Plan for the Control
of Water Buffalo in the Arafura Swamp, Arnhemland for 2013 – 2018.

the Plan:

This is the new plan titled — A Five-Year Management Plan for the Control
of Feral Animals in the Arafura Swamp Basin, Arnhemland for 2021 – 2025.

population control: Control of feral animal populations is concerned with the numerical
characteristics of a population (numbers, rate of increase, mortality rates)
and the interaction of these with the characteristics of their environment
(carrying capacity) (Caughley 1977).
The carrying capacity of an area is defined as ‘total number of animals
(either as a single species population or as a mixed population) that can be
supported permanently on a given area’ (Krebs 1978).
The purpose of control can be to stabilise and / or reduce the abundance
of a feral species. For example; if the purpose is to reduce environmental
damage, then the aim of control should be to reduce feral animals to very
low numbers and hold the population at this low number (stabilise). If the
aim is to commercially utilise feral animals then the aim maybe to stabilise
3

the population at a size that maximises the number of animals that can be
harvested every year (this is called maximum sustainable yield).
population growth rate: this is a populations rate of increase. The rate of increase is
determined by factors such as the density of animals (i.e., the number per
km2) age structure of the population, availability of resources such as
food, shelter and water.
To reduce a feral animal population, control must remove more animals
than the population’s rate of increase will produce each year. Because the
rate of increase is influenced by density it will become progressively
greater as numbers are reduced (population reductions will maximise the
rate of increase). This is because population reduction removes
competition for food and other resources. More resources will mean more
breeding and better survival of young animals.
culling:

In this Plan culling is the planned removal of animals to control population
size. Both lethal and non-lethal control methods can be used to cull a
population of feral animals. Examples of lethal control are aerial shooting
and poisoning. Examples of non-lethal control are exclusion fencing and
mustering.
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Figure 1. The Feral Animal Management Area for the 2021 -2025 Plan showing the three
broad landscape areas identified in the Plan for the purpose of facilitating feral animal
management.
5

1.2. Background to the 2021 -2025 management plan
Past feral animal management was specifically to control feral water buffalo numbers in the
swamp basin (see Figure 1). A five-year buffalo management plan was in place for the
period 2013 – 2018 (old plan). The purpose of this plan was to provide a control strategy
that would reduce buffalo numbers in the swamp basin and then stop them from
increasing. The reduction had to be sufficient to protect the environmental and cultural
assets of the swamp. The main aim of the old plan was to reduce buffalo numbers in the
swamp basin by 90 % within 3 years and then keep their number at this reduced size
(stabilise the numbers). If this was achieved it would have reduced the size of the regional
herd (i.e., the numbers in the FAMA) by approximately 50 – 60 %.
A critical component of the old plan was a performance assessment after the 5-year life of
the plan was completed in 2018.
Before control started in 2012 the number of buffalo in the swamp basin were estimated to
be 9,000 – 10,000 (ABS Scrofa (Australia) Pty Ltd, January 2013). Therefore a 90 % reduction
would reduce their numbers to less than 1000. The most efficient way to do this was by
aerial shooting in the swamp basin. After buffalo numbers were reduced, a combination of
control methods would then be used to stop them increasing. The old plan recommended
ground shooting by ASRAC rangers and mustering to control numbers. Both methods would
target the edge of the swamp basin and the upland country fringing the swamp. Removal of
buffalo from these areas would either stop numbers from increasing in the swamp or
greatly slow their rate of increase. The old plan did acknowledge that there would probably
be an increase overtime and that some aerial shooting in the swamp could needed in the
later years of the old plan. The need for aerial shooting would be made on the basis of
monitoring information each year.
Over the period November 2012 to December 2020 13,500 buffalo were removed from the
FAMA. The long-term impact of this removal on the size of the buffalo population in the
FAMA has been negligible. The main reason for this is that not enough buffalo were
removed each year after 2013.
The aerial shooting in 2012 and 2013 reduced buffalo numbers in the swamp basin by 54 %.
However, after 2013 their numbers increased each year and by 2019 the population had
recovered from this reduction (Table 1).
The yearly population sizes in the FAMA in Table 1 are derived by two methods. The sizes in
bold are estimates of population size calculated from aerial survey count data. The
estimates for all other years are calculated by rate of change and logistic growth modelling
(see section 4.7.1. page 36).
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Table 1. Summary of buffalo numbers in the Feral Animal Management Area over the
period 2012 to 2020.
Year & month

Management
Action

2012 (November)

Aerial Shoot

2013 (June)

Number
removed
(area)
3,685
(swamp basin)

Population
Size in
FAMA
Not
available

Aerial Survey

-

11,222

Ratio Estimator
using density for
survey

2013 (October)

Aerial & ground
shooting

(swamp basin)

6,931

Rate of change

2014

NONE

-

2015 (June)

Aerial Shoot

2016

NONE

2017 (September – December)

Mustering

2018 (September – December)

Mustering

2019 (June)

Aerial Survey

2019 (September – December)

Mustering

2020 (September – December)

Mustering

4,291

387
(swamp basin)

1053
(FAMA)

1750
(FAMA)

1141
(FAMA)

1197
(FAMA)

8,276
9,377
10,191
11,460
11,768
11,235
10,094
11,616

Method used to
calculate
population size
-

Logistic growth
model
Logistic growth
model
Logistic growth
model
Logistic growth
model
Logistic growth
model
Ratio Estimator
using density for
survey
Logistic growth
model
Logistic growth
model

After the old plan expired at the end of 2018 buffalo numbers in the FAMA were assessed
by an aerial survey in 2019. This survey estimated a population of 11,235 buffalo in the
FAMA, of which 5,533 were in the swamp basin.
The 2019 estimates show that buffalo numbers had recovered from the intensive culling in
2012 – 2013 and that the control measures after this culling have not been effective in
controlling buffalo numbers.
The 2018 Asrac Healthy Country Plan (HCP) rated feral buffalo and pigs as a very high threat
to country and the HCP vision. They pose a major threat to cultural places, bush tucker,
native wildlife, Gurruwiling, saltwater country, freshwater country, jungles and rock
country. The HCP strategy for this threat includes preparation of a 5 year weed and feral
animal management plan and procedures.
The Feral Animal Management Plan for 2021 – 2025 (the Plan) is a systematic feral animal
control strategy that will achieve the goals of the HCP for feral animal management.
A review of the old plan, 2019 aerial survey data, HCP and discussion with ASRAC rangers
provided baseline information on feral buffalo, pigs and wild cattle used in the preparation
of the new Plan.
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2.

PURPOSE OF THE 2021 - 2025 PLAN

The purpose of the Plan is to provide an integrated feral animal management strategy that
reduces the threats identified in the Healthy Country Plan posed by feral animals to health
of Arafura Swamp.
This Plan
• Addresses the ongoing management of feral water buffalo.
• Reviews and assesses the performance of the previous 5-year feral water
buffalo plan.
• Uses the outcomes of this review and the HCP to guide the development of
this new 5-year feral animal management plan.
• Provides a start point for the management of other feral animals of concern
within the swamp basin. These are primarily feral pigs and wild cattle.
• Provides a five year feral animal control strategy.
2.1. Plan Structure and Strategy
The structure of this Plan is
• A review and assessment of the previous buffalo management over 2012 – 2020.
• Presentation of management options for feral animal management over 2021 – 2025.
• Delivery of a management plan and control strategy that best suits the expectations
and goals of the people and their HCP.
The duration of the Plan is for five years and it will be subject to annual review and
amendment. Year 1 (Yr. 1) of this Plan is 2021. Assessment of the Plan’s progress by review
at the end of each year provides the flexibility to adjust the control strategy to ensure the
Plan stays on track to achieve its aim and objectives.
The control strategy of the Plan is to significantly reduce the damage impacts of feral
animals to the Arafura Swamp (Swamp) by significantly reducing and then stabilising their
numbers in the swamp basin area.
This will be done by rapidly reducing current numbers of buffalo and pigs in the swamp
basin by 70 – 90 % in Yr. 1 and 2 of this Plan. Control will then primarily be to stabilise
populations at these reduced sizes for the duration of the life of this Plan
The strategy is based on the understanding that feral animals living in the swamp basin are
part of larger populations within the Feral Animal Management Area (FAMA). Therefore,
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there MUST be a regional context to the management of these animals. This means
understanding that the control of buffalo and pigs in the swamp basin will be influenced by
their populations within the FAMA. The density distribution of these populations, their
growth rates and movement patterns will directly influence control of their numbers in the
swamp basin. Density, growth rate and dispersal patterns in combination with the carrying
capacity of the swamp basin are the factors that will determine the number that need to be
culled each year to reduce numbers in the swamp basin. These factors will also influence
the frequency and intensity of control needed to stop numbers from increasing and to hold
populations at a stable size.
2.2.

Feral animals subject to management

The target feral animals are water buffalo (Bubalus bubalis), feral pigs (Sus scrofa) and wild
cattle (Bos indicus / taurus)
2.3. Distribution and Abundance of Feral Animals in the FAMA
Buffalo
Within the FAMA, the buffalo population is distributed across the entire area. They are not
evenly distributed in the region, 80 – 90 % of the buffalo live in the wetlands and floodplains
of the northern coastal plains and the swamp basin. The remaining 10 – 20 % are living in
the woodland areas. It should be understood that buffalo will move through the entire
region, however the better-quality habitats of the swamps and wetlands will attract large
numbers of buffalo to these areas.
The carrying capacity of the swamp basin is probably 9000 – 10,000 buffalo. At the FAMA
level the carrying capacity is 17,000 – 20,000 buffalo (this includes the numbers in the
swamp basin). The fact that approximately half the buffalo in the region live in the swamp
basin reflects the higher quality habitat in the swamp compared with the woodland areas.
Pig
Pigs are distributed throughout the shallow water areas of the swamp basin, Glyde River
floodplains, coastal swamps, hinterland and creeks draining the surrounding woodland into
the swamps and floodplains.
The distribution recorded in 2019 surveys (Wild science, October 2019) indicates that pig
numbers were highest in the swamp basin where they are concentrated along the water’s
edge of the swamp. Numbers decreased away from the swamp edge into the hinterland
and along the creeks. Pig numbers in 2019 were estimated to be 2,285. Assuming there has
been population growth the estimate for 2021 is 4,050 pigs in the swamp basin. This
estimate is based on a carrying capacity of 5,000 pigs – however, for reasons discussed in
the October 2019 report An aerial count of feral pigs in Arafura Swamp to assess
distribution and abundance in June 2019 (Wild science October 2019) the swamp basin
area may not be prime pig habitat, so the population size maybe less than 4,000.
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Cattle
Cattle are mainly located in the swamp basin, with scattered numbers in the woodland
country on the western and southern side of the swamp. Within the swamp the cattle are
largely concentrated in the northern end of the basin on the Glyde floodplains and in the
southern end of the swamp (Wild science, August 2019).
Population estimates for cattle in 2013 and 2019 were very similar, suggesting that cattle
numbers are relatively stable. Extrapolating this trend provides a population of 4000 in the
FAMA in 2021.
2.4. Environmental Impacts
The HCP rated feral buffalo and pigs as a major threat to the HCP targets (the really
important things on country and culture). They were rated as a high or very high threats to
7 of the 12 targets listed in the HCP (Asrac 2017).
Most of the environmental impacts by feral animals in the HCP were previously identified by
the Yolngu and Bi people in 2012 / 2013 when the management of buffalo started.
The Yolngu and Bi people identified the following impacts of buffalo:
•

Creation of channels and damaging levee banks that are allowing saltwater into the
freshwater swamp.

•

Damage to river, creek and billabong banks by overuse and the destruction of
vegetation, causing soils to erode and banks to collapse.

•

Trampling and grazing, creating and accelerating erosion and destroying wetland
vegetation.

•

Spreading noxious weeds, including mimosa (Mimosa pigra) and olive hymenachne
(Hymenachne amplexicaulis).

•

Threatening native wildlife by damaging wetland vegetation. This includes magpie
geese (Anseranas semipalmata) nesting and feeding areas, saltwater crocodile
(Crocodylus porosus) nesting habitats and a direct threat to the northern long neck
turtle (Chelodina rugosa) from trampling.

•

Buffalo are stopping people accessing country to collect bush tucker due to safety
concerns.

Some of the main damage impacts from pigs that are causing concern for the people are;
•

damage to freshwater springs, billabongs, creeks and wetlands.

•

Rooting up and eat important bush food plants such as lilies, water chestnut and
yams.
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•

The pugging of wet ground causing damage to the plants and making it hard for
people to access rivers and billabongs for swimming, fishing and fresh drinking
water.

Unmanaged (wild) cattle have been identified as a threatening process to biodiversity in the
swamp. Grazing and trampling by cattle is contributing to the detrimental impacts on soil
structure, wetland vegetation and levee banks, particularly in the northern end of the
swamp (Williams et al 2003, Brennan et al 2003).
All these impacts are directly affecting Yolngu and Bi people by reducing the availability of
plant and animal ‘bush tucker’ foods, making hunting more difficult because of reduced
availability and through physical damage to the surface of the floodplains making access to
hunting areas difficult. Feral animals are also damaging culturally sensitive places by
trampling, digging, wallowing and overgrazing in these areas.

3.

REVIEW OF 2013 – 2018 WATER BUFFALO MANAGEMENT PLAN

The purpose of the review was to identify what is needed to maintain and improve the
management of buffalo over the 2021 to 2025 management period.
The review assessed the performance of the 2013 – 2018 plan by comparing the outcomes
achieved with the aims and the objectives of the old plan.
3.1. Review Results and Assessment
Buffalo numbers in the FAMA region at the end of the 5-year life of the old plan were
assessed by an aerial survey in 2019. Changes in the number and distribution of buffalo
were assessed by comparing 2013 survey results with the 2019 results (Wild Science, August
2019).
The aim of the old plan was to reduce the detrimental impacts occurring to the swamp
environment and wildlife as a result of large numbers of buffalo in the swamp basin.
The objectives of the old plan were:
1. To reduce the abundance of water buffalo in the swamp basin by aerial and ground
culling,
2. To remove a large proportion of the buffalo population in the swamp basin in the
first year of the management program,
3. To reduce the buffalo population to a size that can be effectively managed with
annual culling from the ground by the local ranger groups,
4. Develop a long-term control strategy to prevent buffalo numbers from increasing
again, and
5. Ensure that the management of buffalo is implemented in accordance with
community goals and expectations.

11

In June 2013 the number of buffalo in the swamp basin was estimated to be 5,100. The plan
aimed to reduce this number to 1,000 animals. This would significantly reduce damage
impact levels and allow the swamp environment to recover.
The control strategy of the old plan was based on annual control operations to reduce
buffalo numbers. In years 1, 2 and 3 (i.e., 2013 – 2015) aerial shooting was to be used as the
main method of control.
In years 4 and 5 the buffalo in the swamp basin area were then to be kept at 1,000 or less
by a combination of control methods applied annually. The main method was to be
shooting from the ground by the South-East Arafura Catchment Rangers (Mirrngatja),
Gurruwiling Rangers (Murwangi) and the Wanga Djakamirr Rangers (Ramingining). This
activity would largely be restricted to the edge of the swamp and the coastal floodplains
along the Glyde River. The old plan provided the annual cull off-take number (the number
that had to be removed each year) to stop buffalo numbers increasing within the swamp
basin. Ground control would be effective in slowing the recovery of buffalo in the swamp
basin if these cull off-take numbers were achieved.
The critical point is that the cull numbers provided in the old plan for Yrs. 4 & 5 had to
be removed annually – not where they were removed from.
As long as buffalo were culled from areas around the edges of the swamp and on the Glyde
River floodplains the recovery of buffalo in the inaccessible areas of the swamp would be
greatly slowed. The plan also recommended mustering as a control method to be used in
combination with the ground shooting if there was a market for buffalo.
If annual control was not maintained buffalo numbers would eventually recover to 9,000 –
10,000 in the swamp basin (Note this ONLY referred to the number in the swamp basin — It
DID NOT include the buffalo living in the coastal plains and woodland areas). The carrying
capacity of the swamp basin was estimated to be at least 9,000 (ABS Scrofa (Australia)
2013).
3.2 Impact of Control on Buffalo
This section reviews the impact of the control (aerial shooting & mustering) over the period
2013 – 2020.
The regional population refers to all buffalo in the FAMA (see Figure 1). The numbers in the
swamp basin are part of this regional population. To understand the impacts of culling
buffalo by aerial shooting or mustering in one area of the FAMA, it must be understood that
these buffalo are part of this regional population. Culling buffalo in one part of the FAMA,
for example culling 90 % of the buffalo in the coastal plains will have the immediate impact
of reducing numbers to 10 % in this area. At the FAMA level this cull may only reduce the
population size by 20 %. The size of the population reduction achieved by culling animals in
one part of the FAMA will be dependant on how animals are distributed throughout the
total area.
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Large reductions in one part of the FAMA will, overtime also stimulate movement of buffalo
from those parts of the FAMA where no culling occurred to move into the culled area.
The following example illustrates this point;
A regional population of 12,000 buffalo will be distributed across the FAMA in the
following numbers: 5,000 in the swamp basin, 5,000 in the coastal plains country
and 2,000 in the woodland areas. This distribution reflects the carrying capacity of
each area, the resource rich areas have more buffalo. If 4,000 buffalo are culled in
the swamp basin, this will reduce the numbers in the swamp basin to 1,000 (i.e., an
80% reduction) and it will reduce the regional population to 8,000 buffalo (33%
reduction). However, the numbers on the ground in the coastal plains country and
the woodland areas will remain the same at 5,000 and 2,000 immediately after the
cull.
Overtime some buffalo from the coastal plains and woodland areas will move into
the swamp basin – as a result of 4000 culled. The culling of a large number of
buffalo from one area frees up habitat and the resources of this habitat for buffalo
from other areas to use. Reduction the buffalo population in the FAMA will also
stimulate an increase in growth rate of this population. Less buffalo means less
competition for food which encourages an increase in the breeding rate and a
higher survival of juvenile and subadult buffalo.
If there is no further control buffalo numbers in the swamp basin will recover to
the pre-control size within 3-4 years. This recovery is driven by migration into the
swamp area and the growth rate of the regional buffalo population.
This example also demonstrates why it is important to continue to remove buffalo from the
other areas outside the swamp basin after the control has reduced their numbers within the
basin.
3.2.1.

Impact of Control on Buffalo - Regional Context

Table 2 summarises the impact of past control on buffalo numbers in the FAMA and Table 3
the expected growth in buffalo numbers over 2021 – 2025 if the current management
approach is maintained.
Control by aerial shooting removed buffalo from within swamp basin in 2013 and 2015.
After 2015 control by mustering removed buffalo from areas around the edge of the swamp
basin and the coastal plains country.
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Table 2. Buffalo numbers in the Arafura Region over the life of the old management plan
(2013 to 2018).
Year

Management
Action

Area in which
management
actions occurred

Number of buffalo
culled / mustered

Size of buffalo population
after annual management
action

Aerial Survey

Arafura Region

-

11,222

Aerial & ground
culling

Swamp basin

4,291

6,931

2014

NONE

-

-

8,276

2015

Aerial culling

Swamp basin

387

9,377

2016

NONE

-

-

10,191

1,053

11,460

1,750

11,768

2013

2017

Mustering

2018

Mustering

Aerial Survey
2019
Mustering

2020

Mustering

Coastal plains,
Glyde floodplains,
woodland & swamp
edge
Coastal plains,
Glyde floodplains,
woodland & swamp
edge
Arafura Region
Coastal plains,
Glyde floodplains,
woodland & swamp
edge
Coastal plains,
Glyde floodplains,
woodland & swamp
edge

11,235

1,141

10,094

1,197

11,616

The growth trend in Table 2 shows that buffalo numbers have increased each year since
2014 and predicts that they will continue to grow each year.
Buffalo numbers in the region were reduced by 54 % in 2013 by intensive aerial shooting in
the swamp basin. After this culling, buffalo numbers have increased each year.
Between 2014 and 2020 buffalo numbers in the region increased at an average rate of 8 %
per year. This is because the number of buffalo removed since 2014 has not been great
enough to keep up with the breeding rate. Over this period, control removed 4331 buffalo
(most were removed by mustering (3944) and a small number (387) by an aerial cull in
2015).
Table 3 shows the growth in buffalo numbers over 2021 - 2025 if the current management
approach of removing approximately 1,200 buffalo each year is maintained.
Table 3 assumes that mustering will only remove buffalo from the Glyde floodplains and
areas on the edge of the swamp. There will be no mustering in the internal area of the
swamp basin.
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Table 3.

Estimated number of buffalo in the FAMA over the life of the new Plan (2021 to
2026).

Year

Management
Action

2020

Mustering

2021

Mustering

2022

Mustering

2023

Mustering

2024

Mustering

2025

Mustering

2026

Mustering

Areas in which
mustering occurred
Coastal plains, Glyde
floodplains, woodland
& swamp edge
Coastal plains, Glyde
floodplains, woodland
& swamp edge
Coastal plains, Glyde
floodplains, woodland
& swamp edge
Coastal plains, Glyde
floodplains, woodland
& swamp edge
Coastal plains, Glyde
floodplains, woodland
& swamp edge
Coastal plains, Glyde
floodplains, woodland
& swamp edge
Coastal plains, Glyde
floodplains, woodland
& swamp edge

Number of buffalo
culled / mustered
from the region

Size of buffalo
population after
control

1,197

11,616

1,200

11,791

1,200

11,974

1,200

12,169

1,200

12,376

1,200

12596

1,200

12,828

The growth rate of the population prior to 2021 predicts that by 2026 there will be 13,000
buffalo in the FAMA region.
By 2036 buffalo numbers will be 17 000, which will be at or close to the carrying capacity of
the FAMA region.
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3.2.2.

Impact of Control on Buffalo – Swamp Basin Context

The impact of the 2013 – 2020 control on the number of buffalo in the swamp basin is
summarised in Table 4.

Table 4. Buffalo numbers in the swamp basin over the period 2013 – 2020. NOTE: The cull
numbers from 2017 to 2020 are in red to indicate that most of the buffalo were
removed from areas outside the swamp (outside includes areas on the edge of
the swamp).
Year

Management
Action

Number of buffalo
culled / mustered
from the FAMA

Size of buffalo population
after annual management
action

Aerial Survey

-

6,700

Aerial & ground
culling

4,291

2,400

2014

NONE

-

3,085

2015

Aerial culling

387

3,511

2016

NONE

-

3,594

2017

Mustering

1,053

4,072

2018

Mustering

1,750

4,342

2013

Aerial Survey

5,533

2019

2020

Mustering

1,141

Mustering

1,197

5,877

The aerial cull in 2013 reduced numbers by 64 % in the swamp basin. Buffalo numbers then
increased annually after this initial reduction. Over 2014 – 2019 their average rate of
increase in the swamp basin was 12 % per annum. The higher rate of increase in the swamp
compared to the 8 % per year for the region over the same period indicates that buffalo
were moving into the swamp from other areas in the region.
Table 5 shows the predicted growth in numbers within the swamp basin, if the current
management is maintained and an average of 1200 buffalo are removed from the region
each year.
It is assumed in Table 5 that the majority of buffalo removed by mustering will be from
areas around the edge of the swamp basin and the coastal plains area (i.e., from areas
outside of the swamp).
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Table 5. Estimated growth of buffalo in the swamp basin over the life of the new Plan
(2021 to 2026) if 1200 are removed annually. The growth rate will be faster if
fewer or no buffalo are mustered.
Year

Management
Action

Number of buffalo
culled / mustered
from the FAMA

Size of buffalo population
in Swamp Basin
after control

2020

Mustering

1,197

5,877

2021

Mustering

1,200

6,221

2022

Mustering

1,200

6,580

2023

Mustering

1,200

6,952

2024

Mustering

1,200

7,335

2025

Mustering

1,200

7,727

2026

Mustering

1,200

8,125

By 2026 there will be over 8,000 buffalo in the swamp basin. They will continue to increase
until they reach the carrying capacity of the swamp basin in 2028 / 2029, when there will be
over 9,000.
3.3. Conclusions of Review
Current feral animal management has not worked to reduce the threats to country and
achieve the goal of the HCP. Specifically:
• The aim of the plan has not been achieved. Buffalo numbers in the swamp basin
remain very high and their detrimental impacts on natural assets of the swamp will
be similar to the level of impact that was occurring in 2012 / 2013.
• A long-term strategy is not in place to manage buffalo numbers.
• The goals of the community expressed by traditional owners from the southern part of
the swamp to “bring back the swamp to what it was before buffalo” has not been
achieved.
• The current management approach has met community expectations that buffalo can
be used to generate income.
If the current management approach is continued over 2021 – 2025 buffalo numbers will
continue to slowly increase until the carrying capacity of the swamp basin is reached. The
current growth trend predicts that there will be over 8,000 in the swamp basin by end of
2026 (see Table 5).
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4.

FERAL ANIMAL MANAGEMENT PLAN FOR 2021 – 2025

4.1. Aim and Objective
The aim of the 2021 – 2025 Feral Animal Management Plan is to reduce the detrimental
impacts to ecological communities, wildlife and the landscape caused by large numbers of
feral buffalo, cattle and pigs in the swamp basin, and by doing so help to achieve the
relevant goals of the HCP.
The objectives to achieve this aim are:
1. To reduce the abundance of water buffalo and pigs in the swamp basin by aerial and
ground culling.
2. To reduce buffalo and pig numbers by 70 – 90 % in the first two years of the Plan.
3. To reduce the number of buffalo in the swamp basin to a size that can then be
effectively managed with mustering and / or annual ground-based culling by the
local ranger groups.
4. Develop a long-term control strategy to prevent buffalo and pig numbers from
increasing again.
5. Develop a management strategy to control wild cattle numbers in environmentally
sensitive areas of the swamp basin.
6. Ensure that the management of feral animals is implemented in accordance with
community goals and expectations.
4.2. Management Strategy and Control Plan for 2021 – 2025
4.2.1 Introduction
The three important land management practises for improving the quality of the Arafura
Swamp are feral animal, weeds and fire management.
Effective feral animal management contributes to the weed and fire management. Feral
animals spread weeds by disturbing country, spreading seeds and carrying parts of grass
weeds around the swamp.
The disturbance impacts from overgrazing, trampling, wallowing and digging aid the spread
of weeds in a number of ways. These impacts damage the vegetation covering the soil
leaving exposed soil, damage to the soil surface and erosion. Weeds are efficient at
colonising these damaged areas and out compete the native plants. Digging and wallowing
expose buried mimosa seeds stimulating them to germinate in the distributed areas. Mud
that sticks to feral animals after wallowing and digging may have mimosa and other weed
seeds embedded. As the animals move around seeds are transported to new locations
when the mud falls off.
18

A combination of overgrazing and fire destroy cover vegetation leaving the soil surface
exposed and vulnerable to loss of topsoil nutrients and erosion. This creates disturbed areas
that favour the spread of weedy species.
Spread of the weed grasses – olive hymenachne, gamba and mission grass – increases the
intensity of fires on country.
The HCP rates feral animals (particularly buffalo and pigs) as a very high threat to country.
This threat is directly related to the damaging impacts outlined.
There are two options available for the management of feral animals. These options can be
modified to fit the expectations and desired outcomes of the Yolngu and Bi people.
Management options available are outlined below;
1) Maintain the current approach to feral buffalo, pig and cattle management,
2) Implement an integrated, systematic management plan for control of all feral
animals.
Table 6 describes the details, expected outcomes and effectiveness of each option.
A combination of social, cultural, environmental and economic factors and land
management obligations will determine which option is the ‘best one’ for ASRAC. The HCP
provides the direction for feral animal management and this Plan presents the most
suitable option for the next five years.
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TABLE 6. Comparison of the two management options for the period 2021 to 2025.
Management
Option

Management
Strategy

Control & Monitoring
methods

Feral Animals
targeted by
control

Reduce
buffalo
numbers

Reduce
pig
numbers

Reduce
cattle
numbers

Purpose & objectives of management

i) Provide income

1

Maintain current
management
approach commercial
harvest

ii) Reduce buffalo numbers in swamp basin
Contract Mustering

Buffalo

NO

NO

NO

iii) Reduce environmental damage to the
swamp (Gurruwiling)
iv) address threats and help achieve goals of
HCP

Outcomes

2

Strategic
management —
systematic
recurrent control
& performance
monitoring

Lethal control methods
(shooting, trapping)
&
Non-lethal control
methods
(mustering, fencing)

Buffalo,
Pigs,
Cattle

YES

YES

NO

iii) Remove from OR stop cattle getting to
saltwater intrusion area
iv) Reduce environmental damage to the
swamp (Gurruwiling)
v) Manage threats and help achieve goals of
HCP

•

Annual control is not removing
enough buffalo

•

Buffalo numbers will increase
each year

i) Provide income – YES
ii) Reduce buffalo numbers in swamp
basin – NO

•
iii) Reduce environmental damage to the
swamp (Gurruwiling) – NO

No control of pigs or cattle

•

Environmental damage will
increase each year

iv) address threats and help achieve goals
of HCP - NO

•

Feral animals will continue to
threaten the HCP targets 5, 6,
7, 9, 10, 11 & 12

•

Annual control is not done

•

Control methods used DO NOT
remove enough feral animals
each year to match population
growth rates. Animal numbers
will continue to slowly increase
each year

•

No decision is made on how
wild cattle are to be managed

i) Provide income
ii) Reduce buffalo & pig numbers in swamp
basin

Reasons why Management will not
achieve Outcomes

i). Provide income – YES
ii). Reduce buffalo & pig numbers in
swamp basin – YES
iii) Reduce environmental damage to the
swamp (Gurruwiling) – YES
iv) address threats and help achieve goals
of HCP - YES

20

4.2.2.

Requirements to achieve HCP Goals

These requirements are:
1. Reduce buffalo numbers in the swamp basin to 1,000.
2. Keep buffalo numbers under 1,000 in swamp basin.
3. Initiate a systematic pig control strategy that targets pigs within and around
the edge of the swamp basin hinterland.
4. Manage wild cattle numbers in environmental sensitive areas of the swamp
basin.
Table 6 shows that only management option #2 will satisfy these requirements and produce
the outcomes that will help achieve the goals of the HCP. This Management Plan is based on
option #2.
A specific control plan for each species of feral animal is provided to ensure the
management option #2 outcomes are realised (Table 6).
4.3. Buffalo Control Plan
The aim of this control plan is to reduce the number of buffalo in the buffalo numbers in the
swamp basin to approximately 1000 within 2 years, then to stabilise their numbers at this
size (requirements 1 & 2). To achieve this at least 6200 buffalo must be culled in the swamp
basin in year 1 and 2 (see Table 7). Aerial shooting will be the most efficient method to
achieve this level of reduction.
After reducing the number in the swamp, buffalo numbers in the swamp can then be
controlled by removing buffalo from the edge of the swamp and the coastal plains.
Movement from these areas will be the main source of recruitment contributing to an
increase in the number of buffalo in the swamp basin.
Tables 7 & 8 summarise the 5-year buffalo control plan. Table 7 provides the number of
buffalo that have to be culled each year, and shows the impact of removing the specified
numbers each year on the size of the regional buffalo population and on the number in the
swamp basin. Table 7 also refers to the areas buffalo should be removed from each year.
These areas are shown in Figure 1.
Table 8 summarises the target area where the numbers specified in Table 6 have to be
removed from, and the preferred control methods and the time of year control should be
done.
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Table 7. The number of buffalo that need to be removed annually and the impact of each
removal on the population size in the FAMA and the proportion of this population
that live in the swamp basin. Note: the control methods to be used each year are
presented in Table 8.

YEAR

Year 1
(2021)
Year 2
(2022)
Year 3
(2023)
Year 4
(2024)
Year 5
(2025)

Cull off-take for
swamp basin
(number to be

Cull off-take from
coastal plains &
woodland areas

Buffalo
population in
FAMA

Buffalo population in
swamp basin

11,700

6,220

5,000

-

8,100

1,880

1,200

-

8,000

1,000

-

1,200

8000

1,000

-

1,200

8,000

1,000

-

1,200

removed)

(number to be removed)

In Year 1 & 2 control must target buffalo in the swamp basin and aim to remove a total of
6,200 buffalo (Table 7). This will reduce the number in the swamp basin by 80 – 90 %. The
impact of removing 6,200 buffalo from the swamp basin on the number in the FAMA will a
reduction of 65 – 75 %. The control method in Years 1 & 2 is aerial shooting (see Table 8).
This method will ensure that the required numbers are culled from the swamp basin area.
Mustering can be used in combination with the aerial shooting. Mustering would target
buffalo in the coastal plains area, accessible parts of the swamp basin and the woodland
area around the edge of the basin.
In Years 3, 4 & 5 buffalo will be removed primarily by mustering and / or ground shooting
around the edge of the swamp basin and the coastal plains country. This will be sufficient to
control numbers moving into the swamp itself in most years. The aim of control in Years 3, 4
& 5 will be to hold buffalo numbers in the swamp basin at stable size of approximately
1,000.
Logistic population modelling (see page 36) determined that 1,200 buffalo would have to be
culled annual in Years 3, 4 & 5 to stabilise the number in the swamp basin. This will need to
be ground-truthed with data collected during control activities.
Movement of buffalo into the swamp basin from other areas of the FAMA will be the main
reason a cull of 1200 each year is needed. If movement is greater aerial shooting may be
needed in years 3, 4 or 5 to cull a small number of buffalo from within the inaccessible parts
of the swamp. Currently there is no information available to calculate how many buffalo will
move into the swamp basin each year.
Table 8 is a summary of the control plan for buffalo suggesting the annual control methods
and timing. There is flexibility in how buffalo are removed, but it is critical that the cull off22

take numbers in Table 8 are achieved each year. If these numbers are not removed each
year buffalo numbers will increase.
Table 8. The number of buffalo that have to be removed annually (cull off-take), the areas
they have to be removed from and the suggested control methods. NOTE: An
aerial count has been included in Year 4 to provide updated numbers in the
swamp basin.
YEAR

Year 1
(2021)

Year 2
(2022)

Year 3
(2023)

Year 4
(2024)

Target
Area

Swamp basin

Swamp basin
Coastal
swamp,
woodland &
swamp basin
Coastal
swamp,
woodland &
swamp basin

Cull Off-take
number

5000

1200

Control
Method
Aerial shooting &
Mustering

Late Dry -Aerial shooting &
mustering

Ground shooting
Aerial shooting &
Mustering

Ground shooting – all year
Late Dry - Aerial shooting &
mustering

Ground shooting

Ground shooting – all year

Mustering

Late Dry - mustering

Ground shooting

Ground shooting – all year

1200

Aerial count
(swamp basin only)
1200

Mustering
Ground shooting

Year 5
(2025)

Coastal
swamp,
woodland &
swamp basin

Timing

June / July

Late Dry - mustering
Ground shooting – all year

Mustering

Late Dry - mustering

Ground shooting

Ground shooting – all year

1200

Critical to the success of this Plan achieving the goals of the HCP is that at least 6,200
buffalo are removed from the swamp basin in Years 1 & 2. After Year 2 buffalo can be
removed from areas outside of the swamp basin and from the edge of the basin area.
Figure 2 shows the swamp basin where buffalo must be removed in 2021 & 2022. In Years
3, 4 & 5 buffalo can be removed from all areas within the FAMA, but in particular the
control effort (mustering and ground shooting) should be concentrated to the woodland
fringing the swamp basin and to the coastal plains area.
There may be a need for additional control effort within the swamp basin in years 4 – 5. This
would be aerial shooting in those parts of the swamp basin inaccessible to mustering and
ground shooting.
The rate of movement of buffalo into the swamp basin will determine if an aerial shoot is
needed in years 4 – 5. If rate of movement is greater than the modelling predicted then
aerial shooting will be required.
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To determine if aerial shooting will be needed in the swamp basin, buffalo numbers will be
assessed by an aerial count in June - July of Year 4. The purpose of the count will be to
collect hourly sighting rate data (number of buffalo seen per hour of search time). The
count method is to grid search the area in the way it would be during an aerial shoot. The
sight rate from this count can be then compared against sighting rates recorded during
aerial shoots. This comparison will indicate if numbers are increasing, stable or declining in
the swamp.
Aerial count data will also provide information to assess movement of buffalo into the
swamp basin. If the count results indicate a large movement has occurred and numbers are
increasing, an aerial shoot for late 2024 or 2025 can be planned.
A simple count would be used rather than a standardised sample count of survey transects
as the area is relatively small and buffalo numbers should be very low. Under these
circumstances standard surveys provide unreliable results. It is also more cost effective to
get a simple count under these circumstances.
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Figure 2. Swamp basin area where 6,200 buffalo must be removed in Year 1 and 2 of the
Plan.
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4.4. Pig Control Plan
Table 9 summarises the feral pig control plan, which will achieve requirement 3, which is to
start systematic pig control by targeting pigs within and around the edge of the swamp, and
in the fringing woodland.
This is a systematic control plan that will reduce the estimated population of 4,050 pigs in
the swamp basin by 70 – 75 % and then stabilise the population size below 1000 pigs.
Table 9. The feral pig control plan for the 2021 – 2025 Management Plan.
Cull
number

Control
Method

YEAR

AREA

2021

Swamp basin
& fringing
woodland

3,100

Aerial shooting

2022

Swamp basin
& fringing
woodland

1,200

Aerial shooting

2023

Swamp basin
& fringing
woodland

900

Aerial shooting

2024

Swamp basin
& fringing
woodland

750

Aerial shooting

2025

Swamp basin
& fringing
woodland

650

Aerial shooting

Timing
Dry season
(ideally best time is when water level
is still high and pigs are forced to
edge of swamp)
Dry season
(ideally best time is when water level
is still high and pigs are forced to edge
of swamp)
Dry season
(ideally best time is when water level
is still high and pigs are forced to edge
of swamp)
Dry season
(ideally best time is when water level
is still high and pigs are forced to edge
of swamp)
Dry season
(ideally best time is when water level
is still high and pigs are forced to edge
of swamp)

Figure 3 shows the search area for control of pigs. Control is largely restricted to the edge of
the swamp basin and hinterland. This is determined by water levels which tend to keep pigs
out of the swamp. However, there are areas along the banks the Goyder River in the
southern central part of the swamp where pigs occur. This area is also included in the area
targeted for pig culling.
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Figure 3. Pig control area around edge of the swamp basin and along the banks of the Goyder River
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4.5. Cattle Management Plan
The management options for the control of unmanaged (wild) cattle must be investigated if
this Plan is to be successful in controlling threats to country identified in the HCP. Cattle are
contributing to the environmental damage in the swamp basin. Damage to levee banks and
swamp vegetation from grazing and trampling in the northern end of the swamp is a
contributing factor to saltwater intrusion (Williams et al 2003, Brennan et al 2003).
In areas with a large number of wild cattle, the removal of buffalo and pigs will not stop
environmental damage to the swamp as the cattle will continue to cause damage (see
Figure 4).
Cattle numbers may increase after the removal of buffalo, and therefore their damage
impacts will increase overtime.
ASRAC rangers need to facilitate consultations with land owners and other relevant
community members the management of wild cattle in environmentally sensitive areas.
Then prepare a cattle management plan from the outcomes of these consultations.

Figure 4. Wild cattle feed in deep water in the swamp basin in June 2019.
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4.6. Five Year Control Plan and Strategy
➢ Year 2021
o A multi species approach targeting buffalo and pigs.
o Aim of control is to remove 5,000 buffalo and 3,100 pigs from the swamp
basin. If more are culled, then less have to be removed in 2022.
o Control methods for buffalo - aerial shooting and commercial harvest
(contract mustering). Aerial shooting in the swamp basin will be the main
control method.
o Control methods for pigs - aerial shooting and ground shooting by ASRAC
rangers.
o Target areas for aerial shooting - entire swamp basin area for buffalo and
the edge of the swamp basin (woodland / swamp fringe) for pigs.
o Target areas for mustering to remove buffalo – all areas, but
concentrating on swamp edge / woodland fringe and Glyde River
floodplains. Mustering can be done before, at the same time or after the
aerial shooting.
o Time frame – June to December 2021 for aerial shooting and mustering.
o Control Effort – Helicopter time for the aerial shooting is 162 hrs (90 hrs
for buffalo control and 72 hrs for pig control)
o Conduct consultation with the landowners and residents to discuss
management of wild cattle in environmentally sensitive areas. Prepare a
cattle management plan from the outcomes of these consultations.
o Assess all monitoring data in preparation for progress reporting.
o Prepare progress report on control and monitoring results and
consultation outcomes for the management of cattle. These results will
be reviewed with the traditional owners to ensure that the program is
achieving outcomes in accordance with their aspirations and
expectations. Reporting will provide recommendations for 2022.
o Timeframe – Assessment of monitoring data and progress reporting
completed end of 2021 / early 2022. Review of progress report with
traditional owners before start of feral animal control in 2022.
➢ Year 2022
o A multi species approach targeting buffalo and pigs.
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o Control methods for buffalo - aerial shooting and commercial harvest
(contract mustering) for buffalo.
o Control methods for pigs - aerial shooting and ground shooting by ASRAC
rangers.
o Target areas for shooting - entire swamp basin area for buffalo and edge
of swamp basin (woodland / swamp fringe) for pigs.
o Target areas for mustering to remove buffalo – all areas, but
concentrating on swamp edge / woodland fringe and Glyde River
floodplains. Mustering can be done before, at the same time or after the
aerial shooting.
o Time frame – June to December 2022 for aerial shooting and mustering
o Control Effort – Helicopter time for aerial shooting is 75 hrs (35 hrs for
buffalo control and 40 hrs for pig control)
o Implement management of wild cattle in environmentally sensitive
areas.
o Assess all monitoring data in preparation for progress reporting.
o Prepare progress report on control and monitoring results and outcomes
for the management of cattle. These results will be reviewed with the
traditional owners to ensure that the program is achieving outcomes in
accordance with their aspirations and expectations. Reporting will
provide recommendations for 2023.
o Timeframe – Assessment of monitoring data and progress reporting
completed end of 2022 / early 2023. Review of progress report with
traditional owners before start of feral animal control in 2023.
➢ Year 2023
o A multi species approach targeting buffalo and pigs.
o Control methods for buffalo - commercial harvest (contract mustering)
for buffalo. By the end of 2022 the size of buffalo population in the
FAMA will be approximately 8,000 (of which approximately 1000 will be
in the swamp basin area). This population can be sustainable harvested
by removing 1,200 buffalo every year. At this stage it will not matter if
the harvesting only removes bulls. In the long-term only removing bulls
will compromise the control (see section 5).
o Control methods for pigs - aerial shooting and ground shooting by ASRAC
rangers.
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o Target areas for shooting - edge of swamp basin (woodland / swamp
fringe) for pigs.
o Target areas for mustering to remove buffalo – all areas, but
concentrating on swamp edge / woodland fringe and Glyde River
floodplains.
o Time frame – June to December 2023 for aerial shooting and mustering.
o Control effort for pig control – Helicopter time for aerial shooting is 35
hrs.
o Implement manage of wild cattle in environmentally sensitive areas.
o Assess all monitoring data in preparation for progress reporting.
o Prepare progress report on control and monitoring results and outcomes
for the management of cattle. These results will be reviewed with the
traditional owners to ensure that the program is achieving outcomes in
accordance with their aspirations and expectations.
o Timeframe – Assessment of monitoring data and progress reporting
completed end of 2023 / early 2024. Review of progress report with
traditional owners before start of feral animal control in 2024.
➢ Year 2024
o A multi species approach targeting buffalo and pigs.
o Control methods for buffalo - commercial harvest (contract mustering)
for buffalo.
o Proposed aerial count of the swamp basin area to assess buffalo
numbers in July 2024.
o Assess count results and if needed recommend aerial shooting in the
areas of the swamp that are inaccessible to mustering.
o Control methods for pigs - aerial shooting and ground shooting by ASRAC
rangers.
o Target areas for shooting - edge of swamp basin (woodland / swamp
fringe) for pigs.
o Target areas for mustering to remove buffalo – all areas, but
concentrating on swamp edge / woodland fringe and Glyde River
floodplains.
o Timeframe – June to December 2022 for aerial shooting and mustering.
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o Control effort for pig control – Helicopter time for aerial shooting is 35
hrs.
o Implement manage of wild cattle in environmentally sensitive areas.
o Assess all monitoring data in preparation for progress reporting.
o Prepare progress report on control and monitoring results, and
outcomes for the management of cattle. These results will be reviewed
with the traditional owners to ensure that the program is achieving
outcomes in accordance with their aspirations and expectations.
Reporting will provide recommendations for 2025.
o Timeframe – Progress reporting completed end of 2024 / early 2025.
Review of progress report with traditional owners before start of feral
animal control in 2025.
➢ Year 2025
o A multi species approach targeting buffalo and pigs.
o Control methods for buffalo - commercial harvest (contract mustering)
for buffalo.
o An aerial shoot in the swamp basin may be needed if the aerial count
results indicate buffalo numbers are increasing and there is more than a
1000 in the area.
o Control methods for pigs - aerial shooting and ground shooting by ASRAC
rangers.
o Target Areas for shooting - edge of swamp basin (woodland / swamp
fringe) for pigs.
o Target Areas for mustering to remove buffalo – all areas, but
concentrating on swamp edge / woodland fringe.
o Timeframe – June to December 2022 for aerial shooting and mustering
o Control Effort for pig control – Helicopter time for aerial shooting is 35
hrs.
o Implement manage of wild cattle in environmentally sensitive areas.
o Assess all monitoring data in preparation for progress reporting.
o Prepare progress report on control and monitoring results and outcomes
for the management of cattle. These results will be reviewed with the
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traditional owners to ensure that the program is achieving outcomes in
accordance with their aspirations and expectations.
o Timeframe – Progress reporting completed end of 2025 / early 2026.
Review of final progress report with traditional owners to ascertain how
this Feral Animal Management Plan has performed.
o Preparation of final report in 2026 detailing control and monitoring
methodology, logistical details, problems and issues, a comprehensive
results section, analysis of control results, maps and spatial data and a
concluding section, which addresses the aim and objectives of the Plan
and provides future recommendations.
o The final report for the 2021 - 2025 feral animal management period will
provide the basis for preparation of the 2026 – 2031 management plan.
4.7. Monitoring
Monitoring is an integral part of the Plan, which can be conducted using two broad
approaches. These are operational monitoring – where the efficiency of yearly control
operations is evaluated; and performance monitoring – where the effectiveness of the Plan
in achieving its management aim, objectives and outcomes is evaluated.
At the completion of each period of annual control, corresponding to the end of the
calendar year, the results of control actions will be assessed to measure their impact on
feral animal abundance, evaluate long-term trends in the target populations (over the 5
year life of Plan) and to provide recommendations for ongoing control work.
A number of methods will be used for the operational and performance monitoring.
4.7.1. Monitoring Methods for the Plan
i) Aerial Counts
Aerial counts are done across the whole of the target area (for example the swamp basin)
and aims to count all or most of the animals present (total count). Generally, an aerial count
can be used in preference to a standardised sampling survey method (sampled counts)
when the target area I s small and density of feral animals is low. Under these circumstances
counts will provide a better result than standardised survey. Better counts of animals can be
obtained because the whole area can be effectively searched for the few animals in the
area. This compares with sampled count surveys which are restricted to counting animals
on sample units (i.e., transect lines).
Parameters can be used to define counts so that these counts can be used to monitor
trends in animal numbers. For example, the counts collected during aerial shooting can be
defined by the following parameters: number of flying hours and size of the area searched.
These are catch per unit effort counts, where catch is the number seen per hour of flying
time within a specific area. Counts collected per hour of flying time from a specific area can
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be used as an index of abundance (i.e., the numbers seen per hour is related to an animal’s
abundance).
ii) Aerial Surveys
Aerial surveys are the collection of counts from defined sampling units (sample counts).
Sample units could be strip transects, blocks of area or lengths of waterways. Counts of
animals in the units can then be expressed in terms of density (numbers per size or length
of the unit). Sample units are selected so that the sample counts are representative of the
whole target area (i.e., all habitat type within the area are sampled). Sample counts are
more cost efficient, practical and provide superior estimates of animal numbers when the
target area is large (i.e., the FAMA) than simple aerial counts.
Generally, the aim is to sample around 5 – 10 % of the total area (although this can depend
on the size of the area and survey method to be used). The survey method used for the Plan
is an aerial count of animals on strip transects (Wild Science August 2019). This method
provides precise estimates of population density (number per unit if area) population size
(derived from the density in the survey area multiplied by the total area) and distribution.
iii) Index of Abundance
Catch per unit effort (CUE) data collected during aerial shooting and aerial counts is used to
calculate an index of abundance. This index is used to monitor the performance of the
control component of the management plan. It can be used to assess the impacts of annual
control effort on the abundance of the feral animals be managed.
This index is calculated from the number of feral animals sighted per hour of flying time
during shooting (searching and culling), aerial counts or for searching watercourses for pigs;
Sighting index = No. seen ÷ search time
This provides a standardized value relating numbers seen to the effort used. The value is
used to compare changes in abundance between years. Changes in abundance are indicated
by increasing or decreasing sighting rates. A systematic and consistent grid search has to be
used during the aerial control each year if this index is to be a useable tool for assess
changes abundance.
iv) Assessment of Control Impacts on Feral Animal Abundance
To describe the effects of annual control on the feral animal populations the rate of change
in abundance over time and logistic growth modelling will be used.
The rate of change is described by the change in the ratio of abundance from different
times over the control period using the equation (Caughley 1977):
Rate of change = Nt+1 / Nt
Where:

Nt = abundance (or an index of abundance) at time, and
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Nt+1 = abundance at time t+1.
The rates of change in abundance for each species is calculated using sighting indices (mean
numbers seen per hour of aerial control) derived from aerial shooting and aerial counts. The
sighting indices are a measure of abundance based on the correlation between numbers
seen per unit of control effort (flying hours excluding any ferry time).
The impacts of annual control on the abundance of feral animals and their population
growth rates will be estimated using the following logistic growth equation (Hone 2007):
Nt+1 = Nt + rm Nt (1-(Nt/K))-H,
Where:
Nt+1 = estimated abundance for the period following a period of control,
Nt = is the abundance at the time of control,
K
= the carrying capacity (estimated from numbers present before control),
rm = is the maximum (or intrinsic) rate of increase of each species, and
H
= numbers removed in annual control (annual off-take).
Carrying capacity (K) of the FAMA and swamp basin for buffalo was based on estimates of
the numbers present before control in 2012.
The carrying capacity (K) of the swamp basin for feral pigs was based on the densities of pigs
recorded from similar floodplain / swamp areas in the Top End (Wild Science, August 2019).
4.7.2. Monitoring Approach
The Plan will be reviewed annually to assess its operational effectiveness and progress
toward achieving its objectives. This provides the flexibility to adjust the control strategy if
needed to ensure the Plan will achieve its aim & objectives.
Yearly performance is monitored by comparing annual rates of change in the abundance of
the target feral animals. This will require aerial shooting data and / or aerial count data.
The operational and progress performance will be determined by evaluating how effectively
the following management objectives are been achieved;
1)

Impact of feral animal control on mitigating damage - Mitigation of damage to
ecological communities and wildlife. Changes in the type and extent of
environmental damage will be monitored by reports from land owners. The
Asrac rangers will record the observations of the land owners on changes in
damage impacts over time and their on-ground experience of outcomes
achieved by the removal of buffalo and pigs.
In this respect the annual monitoring of buffalo channelling sites by rangers
should be maintained and expanded. Additional sites should be selected where
there is regular use by buffalo, but currently there is no or very minor erosion
or channelling.
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Fixed photographic points will be established to record gross changes in
vegetation. Records of presence / absence of plant species and cover
abundance will also be recorded.
2)

Effectiveness of buffalo control in Yr. 1 & Yr. 2.
Critical to the success of the Plan is the size of the population reduction in the
first and second year of control. The reduction achieved in the first two years
of control will be evaluated by the rate of change. This will use the sighting
indices and the pre-control population size.

3)

Effectiveness of control in stopping the growth rate of the buffalo population.
The results of annual control operations in Yr. 3, Yr. 4 and Yr. 5 (i.e., after the
population has been reduced) will be assessed to determine if the level of
control has been sufficient to stop buffalo numbers increasing above the
threshold size of 1000 in the swamp basin. As mustering will be the main
control tool after Yr. 2 and will not generate the data to calculate the rates of
change, population growth modelling will be used to estimate population size
after control in Yr. 3, Yr. 4 and Yr. 5. Modelling will adjust the rate of
population growth for the numbers removed by mustering and predict the
number remaining at the end of each year.

4)

Effectiveness of buffalo control in Yr. 4 & Yr. 5.
An aerial count will be done in Yr. 4 to record numbers in the swamp basin.
This count will replicate an aerial shoot by flying in a grid search pattern across
the swamp area. This will provide hourly sighting rate data (number of buffalo
seen per hour of search time) to calculate an index of abundance comparable
to the abundance indices calculated from aerial cull data in Years 1 & 2. The
rate of change in numbers from Years 1 to 2, and then to Year 4 can then be
assessed. The size of the rate of change over this period will indicate if
numbers within the swamp basin are increasing, stable or decreasing. This
assessment will determine if there is a need for an aerial shoot in Year 5 (2025)
within the swamp basin area that is inaccessible to the mustering.

5)

Stabilise buffalo numbers in the swamp basin at a size that can be controlled by
annual mustering and ground-based shooting.
An assessment of trends in the abundance of buffalo in the swamp basin over
the life of the Plan will be used to identify a threshold size that they can be
realistically held at or below by annual mustering and ground-based shooting.

6)

Effectiveness of annual pig control;
The impact of annual control on pig numbers will be assessed by the rate of
change in abundance each year after aerial shooting. Sighting indices will be
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used to calculate the rate of change. The rate of change will be expressed as a
percentage change from year to year. If the rate of change is less than a 70 %
decline, then annual control effort will need to be increased to ensure the aim
and objectives of the Plan are achieved.
Population modelling will also be used to monitor changes in pig numbers.
Modelling will use the pre-control estimates of pig numbers and the numbers
culled each year to calculate pig numbers remaining at the end of each
calendar year.
4.7.3.

Performance of Plan

Monitoring to evaluate the impacts of control on feral animal populations over the duration
of the Plan will be by comparing their numbers before and after the 5 – years of control.
Indices of abundance may be sufficient for this assessment.
The annual indices calculated for feral pigs will be used to assess the change in abundance
over the 5 year life of the Plan. If the change is a statistically significant declining trend, the
size of the decline will be used to determine if the pig population needs to be resurveyed in
2026. If the size of the decline indicates pig numbers have not been reduced to the target
sizes of this Plan (see Table 8) a robust estimate of numbers will be needed for planning
future control.
Indices of abundance for buffalo will be available for Yrs. 1 & 2 from aerial shooting data,
and for Yr. 4 from the aerial count data. These indices will be used to calculate a percentage
rate of change for over the period. This rate of change will be either a declining or
increasing trend over time. This trend analysis will be supported by population modelling to
predict population size at the end of each year. Changes in population over the 5-year
period and the rate of change in the indices will provide the information for assessing the
effectiveness of the Plan.
If trend analyses and population modelling indicate buffalo numbers in the swamp basin are
much higher than the threshold level of approximately 1000, a statistically reliable estimate
of numbers will be needed. This will be obtained by repeating an aerial survey in 2026.
If post-control surveys are needed, they will repeat of the June 2019 aerial surveys for
buffalo and cattle, and pigs (Wild Science August 2019, Wild Science October 2019).
Comparison assessment will determine the long-term trend in numbers and the size of the
population reductions.
The need for an aerial survey of buffalo and cattle in 2026 should be determined after the
assessment of pre and post control numbers in Year 5 of the plan. The Year 4 aerial count
results and population modelling will help to determine if an aerial survey is needed.
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4.7.4.

Development of a long-term control strategy

A long-term control strategy will be prepared in the last year of this Plan. By this time there
will be sufficient information to assess the frequency of control operations and the control
effort (shooting hours and number of control days) needed to maintain feral animal
numbers at or below the threshold sizes achieved over the five year life of the Plan or to
further reduce the populations.
4.8

Reporting

The progress reporting summarising results of annual control and monitoring will be
prepared at the end of each calendar year. These reports will be reviewed with the
traditional owners to ensure that the program is achieving outcomes in accordance with
their aspirations and expectations.
The Final Project Report at the end of year 5 review the Plan’s performance in terms of the
objective and outcomes achieved.

5.

MANAGEMENT ISSUES, CHALLENGES and RISKS

Management issues that may influence the effectiveness of the Plan are:
i)

NOT enough buffalo or pigs removed in first year of control.

The aim of this Plan is to achieve the HCP goals by reduce buffalo in the swamp basin to
1,000. The most efficient way to do this is to implement the buffalo control plan of this Plan
(see section 4.3).
If less than the 5000 buffalo are removed from the swamp basin in 2021 more buffalo will
have to culled in 2022 which will increase control costs.
Table 9 and Figure 5 shows the effect of removing 4000 buffalo in Yr. 1 & then 1200
annually. There would be a drop in buffalo numbers after culling in 2021, then an annual
increase each year.
This example shows that under this control regime buffalo numbers will not be reduced and
therefore the aim of this Plan and the HCP goals will not be achieved.
Table 9 and Figure 5 also show that the buffalo numbers in the swamp basin will increase at
a faster rate than FAMA buffalo population. This is for two reasons, the first is that buffalo
from areas outside the swamp basin will move into the basin area. The second is that after
2022 most culling of buffalo will occur in areas outside of the swamp. This means fewer
buffalo will be removed from the swamp compared with other areas of the FAMA. A
combination of breeding, buffalo moving into the swamp basin and less animals being
removed for the swamp will allow numbers to increase more rapidly compared with areas
outside the swamp.
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Table 9. The impact of removing less buffalo than that recommended by the Plan.
Year

Number
Culled

2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

Number in swamp
basin after culling
5,877
2,880
3,100
3,400
3,700
4,100
4,400
4,800
5,300
5,700
6,200

4000
1,200
1,200
1,200
1,200
1,200
1,200
1,200
1,200
1,200

Number in FAMA
after culling
11,616
9,102
9,250
9450
9,600
9,850
10,000
10,300
10,550
10,850
11,200

Swamp Basin
14000
FAMA
12000

Buffalo Number
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Figure 5. The impact of removing 4000 buffalo rather 5000 in the first year of control.
The less buffalo removed in Yr. 1 the greater the numbers that will have to be removed in
later years to compensate. If the number culled in Yr. 1 was 2500 buffalo, then 4000 would
have to be removed in Yr. 2 to reduce numbers in the swamp basin to the 1000.
The same management problem will occur if the number of pigs culled each year is less than
the numbers provided in this Plan.
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Figure 6 shows that removal of 50% of the pig numbers in the swamp basin could
potentially result in a slow increase in numbers each year. Their high breeding rate allows
pig populations to recover quickly from large population reductions.

Figure 6.

Predicted growth in pig numbers over the period 2012 to 2030 if only a 50%
reduction is achieved each year.

To ensure that pig numbers are reduced and then stopped from recovering after yearly
control it is critical that the cull numbers of this Plan (see Table 8) are removed each year.
ii)

The buffalo population in the FAMA

There will be immigration of buffalo from the coastal plains and the woodland areas into
the swamp basin each year. The immigration rate could affect the level of control needed in
the swamp basin each year, particularly after Yr. 1 when numbers in the swamp basin will
be significantly reduced.
One of the main purposes of this Plan is to protect the Arafura Swamp. To do this properly
buffalo numbers in the swamp basin area need to kept at approximately 1000.
To effectively management buffalo in the swamp after Yr. 1 of this Plan control measures
need to be in place to reduce the immigration rate. This can be done by following the
control strategy of this Plan.
iii)

Wild Cattle

A major risk to the success of this Plan is that wild cattle are not managed. The successful
reduction of damage to country by significantly reducing buffalo and feral pigs will be
greatly compromised if wild cattle are not also controlled.
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Unmanaged (wild) cattle have been identified as a threatening process to biodiversity in the
swamp. There are large numbers of cattle in the northern and southern ends of the swamp
area. Grazing and trampling by cattle is contributing to the detrimental impacts on soil
structure, wetland vegetation and levee banks, particularly in the northern end of the
swamp (Williams et al 2003, Brennan et al 2003). The removal of only the buffalo from
these areas may not have a notable effect on these detrimental impacts.
Removal of buffalo will reduce competition for resources and could result in a rapid
increase of wild cattle.
The issue of the large numbers of free ranging wild cattle will need to be addressed if the
removal of buffalo and pigs is to be an effective management measure in alleviating
damage to the swamp.
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