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Figure 5. The perpendicular distance of kangaroo groups from a transect line are calculated based on
the distance and bearing of kangaroos from the observer when they are first detected (as is shown for
the green kangaroo). Note that single kangaroos represent groups in this diagram. The combined
records for all observed (black) kangaroo groups allows a histogram to be developed indicating the
likelihood of detecting kangaroos at increasing distance from the transect line. Assuming a random
distribution of kangaroo groups across the landscape relative to the placement of transect lines, the
area above the detection function (red line on histogram) is indicative of the number of kangaroos
which are not being observed. The histograms show an example of the fitted detection function for
grasslands (left) and woodlands (right), where vegetation density affects the likelihood of the observer
seeing kangaroos at distance. Note that the ‘effective strip width’, i.e. the distance to which at least
half of the kangaroos expect to be observed (black dashed line), is estimated to be approximately 70
m in grassland but only 40 m in woodland in this artificial example.
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Figure 6. An example of transect layout for Gungaderra KMU. Colour coded transect groups are
walked on different days to avoid kangaroos flushed off one transect being observed on another
surveyed that day. Surveying extends beyond the boundary fences of the site to the feature
considered to be a boundary to kangaroo movement, to ensure any ‘edge effects’ of the surrounding
roads are factored into the density estimate.
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STATISTICAL ANALYSIS

The effect of count method on estimated kangaroo density was assessed in R (R Core Team, 2013) using
linear mixed modelling. The model assessed the effect of ‘method’ on the ‘mean’ and ‘standard error’ of
counts at each site. The effect of ‘site’ on kangaroo density was corrected for by including site as a
random term (equivalent to a nested ANOVA). As all methods were not assessed at all sites, additional
analyses compared pair-wise (i.e. total vs. line transect, total vs. pellet and line transect vs. pellet) means
and standard errors to include the maximum available data. A comparable linear mixed model assessed
the effects of ‘session’ (morning or afternoon) and ‘day’ (day 1 or 2) on density estimated using total
count methods. All results are presented as the mean  standard error. Results are considered to be
statistically significant where p < 0.05.

RESULTS

There was no effect of ‘session’ (i.e. morning or afternoon) on individual total counts within sites (F =
0.83, p = 0.38), nor did the number of kangaroos counted differ between days (F = 0.56, p = 0.47).

At the four sites where all three counting methods were assessed, there was no significant effect of count
method on the mean estimated kangaroo density (F = 0.13, p = 0.89). The precision of the counts did
differ between count methods however (F = 11.95, p = 0.01; Figure 7). No difference in estimated density
was observed in pair-wise comparisons of total and line transect counts (F = 0.03, p= 0.87), total and
pellet counts (F = 3.36, p = 0.16) or line transect and pellet counts (F = 0.25, p = 0.65). Precision was higher
using total counts than both line transect (F = 16.33, p = 0.03) and pellet (F = 13.51, p = 0.03) counts, and
line transect counts tended to be more precise than pellet counts although this result was not statistically
significant (F = 7.86, p = 0.07). Importantly, neither sampling method consistently over- or under-
estimated kangaroo density compared to total counts.
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Figure 7. Kangaroo density estimates (mean + SE) based on up to three methods across six sites. Estimates
derived from pellet counts at Jerrabomberra East and Wanniassa Hills are based on plots within the
Nature Reserve component of the KMU only.

DISCUSSION

This study has shown remarkable consistency between the various methods used to estimate kangaroo
density within Canberra’s peri-urban reserves. Given the variability between sites in terms of topography
and vegetative cover, as well as in the density of kangaroos being counted, this result suggests that each
of these methods can be confidently applied across the majority of Canberra’s lowland reserves in order
to assist with kangaroo research or effective kangaroo management.

Estimates of kangaroo density by total count methods (direct and sweep counts) showed high levels of
consistency between the four component counts (both within and between days) and good precision
overall. , supporting our preference to use these methods to estimate kangaroo populations where
possible. Due to the strong community support for the kangaroo management program, leading to much
of the person-power required for sweep counts being provided by volunteers

The greater error surrounding estimates arrived at using pellet counts in this research is of particular
interest, despite the density estimates reached using this method being statistically comparable to the
others assessed. As was identified by Parkes and Forsyth (2013), the calculation of error using this method
does not take into consideration the error introduced by the use of a published defecation rate; and so
would in fact be even greater than that reported here. In our prior local calculations of defecation rate
(based on measurements of faecal pellet accumulation per kangaroo per day in sites with comparable
herbage mass) we have recorded hugely variable

Footer Information 15



COMPARISON OF METHODS FOR ESTIMATING KANGAROO DENSITY

REFERENCES

Aars, J., Marques, T.A.L.O., Anderson, M., Belikov, S., Boltunov, A.,
Buckland, S.T., Wiig, O., 2009. Estimating the Barents Sea polar
bear sub-population size. Marine Mammal Science 25, 35-52.
ACT Government, 2010. ACT Kangaroo Management Plan,
¥err!’{ory and Municipal Services, Canberra, Australian Capital

erritory.
ACT Gg\_/ernment, 2016. Calculation of the number of kangaroos to
cull. Environment, Planning and Sustainable Development
Directorate, Canberra, Australian Capital Territory. Also available at
http://www.environment.act.gov.au/ data/assets/pdf file/0004/576
/ T5/Calculation-of-the-number-of-kangaroos-to-cull.pdf. _
Anderson, D.R., 2008. Model Based Inference in the Life Sciences:
a primer on evidence. Springer. _
Barton, P.S., Cunningham, S.A., Lindenmayer, D.B., Manning, A.D.,
2013a. The role of carrion in maintaining biodiversity and ecological
Brocesses in terrestrial ecosystems. Oecologia 171, 761-772.

arton, P.S., Cunnlnl\%ham, A., Macdonald, B.C.T., McIntyre, S.,
Lindenmayer, D.B., Manning, A.D., 2013b. Species traits predict
assemblaPe dynamics at ephemeral resource patches created by

0S

carrion. P ne 8 _ _
A.D., Gibb, H., Wood, J.T., Lindenmayer,

Barton, P.S., Manning _
D.B., Cunningham, S-A., 2011. Experimental reduction_of native
vertebrate grazing and addition of o%s benefit beetle diversity at
multiple scales. J. Appl. Ecol. 48, 943-951. -
Billing, J., 2007. Kangaroo faeces: a reflection of kangaroo nutrition.
Pest or Guest: The Zoology of Overabundance, 182-184.
Buckland, S.T., Anderson, D.R., Burnham, K.P., Laake, J.L.,
Borchers, D.L., 2007. Advanced Distance Sampling: estimating
abundance of biological populations. Oxford University Press.
Buckland, S.T., Anderson, D.R., Burnham, K.P., Laake, J.L.,
Borchers, D.L., Thomas, L., 2001. Introduction to Distance
Sampling. Oxford University Press. _ _
gasughlfzt)é, G., 1977. Analysis of Vertebrate Populations. John Wiley
on Ltd,
Coulson, G.M., Raines, J.A., 1985. Methods for small-scale surveys
c1)f2grey kangaroo populations. Australian Wildlife Research 12, 119-

Davis, N.E., Coulson, G., Forsyth, D.M., 2008. Diets of native and
introduced mammalian herbivores in shrub-encroached grassy
woodland, south-eastern Australia. Wildlife Research 35, 684-694.
Dorrou%h, J.. Mcintyre, S., Brown, G., Stol, J., Barrett, G., Brown,
A., 2012. Differential responses of plants, reptiles and birds to
g;azgrég rgggagement, fertilizer and tree clearing. Austral Ecology

Fletcher, D. 2006. Population dynamics of eastern gCrey kangaroos
in temperate grasslands. PhD Thesis, University of Canberra.
Fuentes, E., Olsen, J., Rose, A.B., 2007. Diet, occupancy and
breeding performance of wedge-tailed eagles Aquila audax near
Canberra, Australia 2002-2003: Four decades after Leopold and
Wolfe. Corella 31, 65-72.

Footer Information 16



COMPARISON OF METHODS FOR ESTIMATING KANGAROO DENSITY

Howland, B., Stojanovic, D., Gordon, |.J., Manning, A.D., Fletcher,
D., Lindenmayer, D.B., 2014. Eaten out of house and home:
impacts of grazing on ground-dwellllgP reptiles in Australian

0

rasslands and grassy woodlands. Plos One 9. _

arman, P.J., Phillips, C.M., 1989. Diets in a community of
macropod si)emes, In: Kangaroos, Wallabies and Rat-Kangaroos,
Vols 1'and 2, W._143- 49. _
Jarman, P.J., Wright, S.M., 1993. Macropod studies at wallaby
creek: 9. EXPo_sure and responses of eastern gray kangaroosto
dingoes. Wildlife Research 20, 833-843.
Johnson, C.N., Jarman, P.J., Southwell, C.J., 1987. Macropod
studies at Wailaby Creek. 5. Patterns of defecation by eastern gray
%2”%%%0?% éc\nd red-necked wallabies. Australian Wildlife Research
Jones, C.G., Lawton, J.H., Shachak, M., 1997. Positive and
negative effects of orgamsms as physical ecosystem engineers.
Ecology 78, 1946-1957. _
Manning, A.D., Cunningham, R.B., Lindenmayer, D.B., 2013.
Bringing forward the benefits of coarse woody debris in ecosystem
recovery under different levels of %razmg and vegetation density.
Biological Conservation 157, 204-214.
Marques, T.A., Buckland, S.T., Bispo, R., Howland, B., 2013.
Accounting for animal density gradients using independent
g]fogg]atlon in distance sampling surveys. Stat. Method. Appl. 22,

Mcintyre, S., Cunningham, R.B., Donnelly, C.F., Manning, A.D.,
2014."Restoration of eucalypt grassy woodland: effects o _
experimental interventions’on ground-layer vegetation. Australian
Journal of Botany 62, 570-579. _
Meers, T., Adams, R., 2003. The impact of grazing by Eastern Grey
Kangaroos (Macropus giganteus) on vegetation recovery after fire
at Reef Hills Re%lonal ark, Victoria. Ecological Management &
Restoration 4, 126-132. _
Neave, H.M., Tanton, M.T., 1989. The effects of grazin b¥
kangaroos and rabbits on the vegetation and the habitat of other
fauna in the Tidbinbilla Nature Reserve, Australian Capital Territory.
Australian Wildlife Research 16, 337-351.
Parkes, J.P. F_ors%{th, D.M., 2013. Review of eastern grey kangaroo
counts and derivation of sustainable density estimates in'the
Australian Capital Territory. Kurahaupo Consulting,
http://www.environment.act.gov.au/ _data/assets/word doc/0019/9
02440/Review-of-eastern-grey-kangaroo-counts-and-derivation-of-
sustainable-density-estimates-in-the-ATT.doc. -
I—’err%, R.J., Braysher, M.L., 1986. Atechnique for estimating the
numbers of eastern gray kan]qaroos_ Macropus giganteus, 5grazmg a
iven area of pasturée. Australian Wildlife Research 13, 335-338.
Core Team, 2013, R: A language and environment for stafjstical
computing. R Foundation for Statistical Computing, Vienna, Austria.
Raines, J.A., 1982. Density estimates of three herbivores on
Rotamah Island, Gippsland. Victorian Naturalist 99, 142-143.
Robertshaw, J.D., Harden, R.H., 1989. Predation in Macropodidae:
a review, In: Kangaroos, Waliabies and Rat-Kangaroos. Surrey
Beatty, Sydney, pp. 735-753.

Footer Information 17



COMPARISON OF METHODS FOR ESTIMATING KANGAROO DENSITY

Thomas, L., Buckland, S.T., Rexstad, E.A._Laake, J.L., Strindberg,
S., Hedley, S.L., Bishop, J.R.B., Marques, T.A., Burnham, K.P.,
2010. Distance software: design and anal sis of distance sampling
surveys for estlmatlnlgI p%pula ion S|ze I Ecal. 47, 5-14.
Wilby; A., Shachak oeken, 8rat|on of ecos stem
engineering and frophic effects of herblvores ikos 9

Wimpenny, C., Howland, B., Fletcher, D., 2015. A sim 1e but useful
map of vegetation structure in and near Canberra Enwronment and
Planning Directorate, ACT Government, Canberra.

Footer Information 18



COMPARISON OF METHODS FOR ESTIMATING KANGAROO DENSITY
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Summary

Highly abundant and widespread Eastern Grey Kangaroos (hereafter ‘kangaroos’) are associated with
a range of environmental, social, and economic impacts within the ACT (ACT Government 2017).
Kangaroo management within urban reserves is currently undertaken through the conservation
culling program to minimise the environmental impacts of kangaroos on grassy ecosystems.
Kangaroos are managed and monitored at the scale of the Kangaroo Management Unit (KMU),
which comprise areas bordered by barriers that restrict kangaroo movement such as suburban
edges, major roads or impenetrable fence lines.

Due to the limited operational capacity of the conservation culling program, it may not be feasible to
reduce large kangaroo populations in some large sites to appropriate levels within the ideal
timeframe. To address this issue, an adaptive management trial was undertaken in the Ainslie
Majura KMU to assess the feasibility of managing kangaroo populations at a smaller, sub-KMU scale.
The trial involved targeted culling within ‘Canberry Fair’ in 2016 and 2017. Regular monitoring of
local kangaroo density within the culled area and a comparable un-culled area, ‘Campbell Park’, was
undertaken to enable comparison of population responses to different management strategies.
Kangaroo counts were also conducted at the full Ainslie Majura KMU scale to provide insight into
broader population changes during the study period.

The density of kangaroos at Canberry Fair decreased immediately after both culls but increased
again in subsequent surveys. Population responses indicated that home-ranges of remaining animals
likely shifted to outside of the managed area in response to culling operations, but that immigration
subsequently compensated for the effects of culling at the local scale over an annual timeframe.
Despite removal of approximately 70% and 20% of the local Canberry Fair kangaroo population in
2016 and 2017 respectively, the kangaroo density was at 86% of the initial density by the end of the
monitoring period. Fluctuating population densities in the un-culled Campbell Park area provided
further evidence that populations were unstable at the sub-KMU scale.

The limited area cull resulted in only a marginal reduction of kangaroos within the target area at
Canberry Fair, at a time when the density across the entire KMU was experiencing greater declines.
These findings indicate that immigration and emigration significantly influence population dynamics
at the small scale, and support the existing policy that effective management of kangaroo impacts
requires identification of the functional kangaroo management unit, and subsequent density
reductions at that scale.
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1 Introduction

The Eastern Grey Kangaroo (Macropus giganteus) is an abundant and widespread species found
throughout the woodlands and grasslands of the Australian Capital Territory (ACT). Eastern Grey
Kangaroos (hereafter ‘kangaroos’) are a relatively gregarious species that form temporary and fluid
groups known as “mobs” and have been demonstrated to occupy reasonably stable home ranges
over the long term (Viggers and Hearn 2005; ACT Government unpublished).

While a significant element of the fauna of the region, kangaroos are currently managed to minimise
their environmental impacts on grassy ecosystems (ACT Government 2017). Current management of
kangaroos in the ACT is outlined in detail in the Eastern Grey Kangaroo: Controlled Native Species
Management Plan (ACT Government 2017).

The monitoring and management of kangaroo populations in the ACT is conducted by defining
occupied areas into Kangaroo Management Units (KMUs). KMUs often encompass lands of different
tenure, including Nature Reserves or other Territory lands managed by the ACT Government,
National Lands managed by the Commonwealth Government and/or leased Territory Lands
managed privately by the lease holder (ACT Government 2017). In most cases, the boundaries of
each KMU are defined by barriers that restrict kangaroo movement, such as the suburban edge, a
major road, water body, or impenetrable fence line. The calculation of the target kangaroo density
(number per hectare) to preserve biodiversity within a particular KMU is calculated according to the
vegetation composition of the area managed for conservation. Management targets for culling are
set based on the difference between the current population size and the target number.

The Ainslie Majura KMU is a large area (> 2000 ha) comprising a mix of critically endangered
grassland and woodland lowland ecosystems, and steeper more densely forested terrain. It has a
complex network of tracks and trails and is heavily utilised by the public for commuting and
recreation. The area contains an array of land tenures, including two gazetted Nature Reserves (Mt
Ainslie and Mt Majura), Environmental Offsets (West Majura grasslands), private leases (including
sheep grazing properties, a vineyard and truffle farm), commercial pine forest, Commonwealth
managed grasslands, privately run horse paddocks, and the grounds of the Australian War Memorial.
In 2016, the kangaroo population was estimated to be approximately 4000 kangaroos higher than
the target density recommended for grassy layer conservation (ACT Government 2016), cumulating
in severe evidence of overgrazing and a high risk of erosion despite thousands of ACT Government
staff and volunteer hours being committed to preserving the biodiversity of the reserved areas each
year (The Conservation Council 2013). As the operational capacity for the conservation cull of
kangaroos in the ACT is only around 3500-4000 annually for the whole of the Canberra Nature Park
network, an adaptive management trial was undertaken in the Ainslie Majura KMU to assess the
feasibility of an alternative approach to protect localised biodiversity values within this complex site.

This project aimed to address the overarching question: “Can a local kangaroo population be
effectively managed at the sub-KMU scale? Based on kangaroo home range and movement data
collected using GPS collared kangaroos from across Canberra Nature Park (ACT Government,
unpublished, this project explored a new approach to attain effective conservation culling of
kangaroos in areas such as Ainslie-Majura KMU, where the KMU scale management approach taken
elsewhere may not be feasible. As kangaroos from unmanaged populations within Canberra Nature
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Park have relatively small, stable home ranges (less than 1 km?) and undertake very few excursions
outside of this home range (ACT Government, unpublished; Figure 1), it was proposed that a
targeted reduction in kangaroo density through culling may be effective in achieving a sustained,
localised reduction in the kangaroo population with consequent benefits to biodiversity.

This template has been designed to be compatible with web access readers. See the Web
Accessibility guidelines for CR Reports document for details on how to format CR reports. Some basic
guidelines are given below.

2 Methods

Study Sites

To assess the relative changes in kangaroo population density in response to a localised culling
program, two ‘target’ areas were identified within the Ainslie-Majura KMU. Each target area
consisted of open grassy woodland, likely representing the preferred kangaroo habitat available
within the broader KMU, surrounded by a buffer area (~1 km radius) which was considered likely to
support individual kangaroos whose home range included some or all of the target area (Brunton et
al. 2019).

The treatment area identified for localised culling in this study was ‘Canberry Fair’ in the north of the
Ainslie-Majura KMU, which included a 98 ha target area surrounded by a 616 ha buffer consisting
predominantly of denser forest, a privately managed horse paddock and a rural lease. Culling
operations were undertaken across both of these areas in an effort to avoid the rapid recolonization
of the target area by neighbouring (food limited) individuals which was otherwise anticipated (Figure
1).

An experimental control area (i.e. no culling in the target area) was also established at Campbell Park
at the southern end of the broader KMU, which consisted of a 231 ha target area surrounded by an
883 ha buffer consisting of denser forest, rural lease, privately managed horse paddocks and
Commonwealth managed land (Figure 2).

2 Kangaroo management on a localised scale



Figure 1. Achieving a sustained population reduction in the target area was considered more likely if culling
was undertaken in both the target area and adjacent buffer area, to avoid kangaroos with home ranges
overlapping both the target and buffer areas from shifting toward an increased use of the target area
(hence lessening the effect of localised culling).
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Figure 2. Map showing the Canberry Fair (culled) and Campbell Park (un-culled) target areas and their
associated buffer areas within the greater Ainslie-Majura Kangaroo Management Unit.
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Kangaroo Culls

Kangaroo culls were undertaken within the Canberry Fair area during late autumn and winter, with
800 and 237 animals being removed from the site in 2016 and 2017 respectively. The culling in 2016
targeted animals from across the Canberry Fair target and buffer areas whilst in 2017 the vast
majority of animals were removed from the target area alone. No kangaroo culling occurred within
the target area of Campbell Park, however a total of 92 (in 2016) and 300 (in 2017) animals were
removed from Campbell Park buffer area.

The total number of kangaroos to remove from each area was calculated in accordance with the
Eastern Grey Kangaroo: Controlled Native Species Management Plan (CNSMP), and associated
calculator instruments. Culling operations were undertaken by accredited shooters in accordance
with the CNSMP and the National Code of Practice for the Humane Shooting of Kangaroos for Non-
Commercial Purposes.

Population assessments

Kangaroo density was assessed three times annually within both the Canberry Fair and Campbell
Park target areas using the walked line transect method (WLT) (Buckland et al. 2001; Buckland et al.
2015). Specifically, counts were undertaken in May, September and December 2016, in March, July
and December 2017, and in March 2018. An annual assessment of kangaroo density at the broader
KMU level was also undertaken annually in autumn. For each survey, predetermined transects were
walked by an observer who recorded the distance and bearing to each group of kangaroos observed,
as well as the number of individuals within each group. The total transect distance for each
component was 26.2 km for Canberry Fair, 47.5 km for Campbell Park, and 43.3 km for Ainslie
Majura KMU.

Table 1. Timing of kangaroo density surveys and anticipated population responses based on population
demographics typical for seasonally breeding kangaroos in the ACT (ACT Government 2017).

Survey Timing Expected Population Change

Winter Stable, unless populations reduced through culling

Spring Pecrgase in foqd Ii‘mited pgpulations due to increased
juvenile mortality in late winter?

Summer Increase due to pouch young emergence in late spring

Autumn Stable, low recruitment or mortality expected

1(see Portas and Snape 2018)

Statistical analysis

Data from walked line transect surveys were collated in Microsoft Excel before individual kangaroo
group locations were stratified against vegetation and land tenure layers in ArcMap 10.5.1 (ESRI
2017). Population density and abundance was then estimated using distance sampling in the
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program Distance (Thomas et al. 2010) or the Distance package of R (Miller 2017), using the radial
distance and angle to each individual kangaroo group (i.e. observations were taken as clusters).
Density estimates were analysed separately to give individual counts for each site and survey period.
In all analyses, site was used as the stratum layer, transect was used as the sample layer, and the
observation layer included the distance, angle, cluster size and covariate data. Both Conventional
Distance Sampling (CDS) and Multiple Covariate Distance Sampling (MCDS) models were performed,
with the best model for each dataset determined using Akaike’s Information Criterion (AIC).
Detection functions explored included the key functions of half normal, hazard and uniform, with
adjustments of cosine, hermite polynomial and simple polynomial where appropriate. Covariates
analysed were: vegetation class (‘woodland’, ‘open woodland’, ‘grassland’, ‘forest’, ‘open forest’ or
‘pine forest’), vegetation types (‘open’ or ‘woody), and/or land tenure (‘conservation’ or ‘grazing’).
Truncation and binning were used as appropriate to fit the distance functions.

The number of kangaroo deaths through vehicle collisions was calculated from the records of
collected by ACT Parks and Conservation wildlife officers who are called out in the event of wildlife
vehicle collisions in the ACT. For the 12 months prior to the kangaroo counts in Ainslie Majura in
2017 and 2018, all records for kangaroo vehicle collisions that occurred within a 400m buffer of the
Ainslie Majura KMU were tallied. A 400m buffer was used as this captured the majority of kangaroo
records that likely originated from within the KMU.

3 Results

The changes in population density within each component area of the broader Ainslie-Majura KMU,
and the KMU as a whole, are shown in Figure 3, with reference to the timing of the culls at Canberry
Fair and within the buffer areas of Campbell Park.

At Canberry Fair, the pre-cull density of kangaroos in May 2016 was 1.6 animals per hectare. By the
subsequent survey in September 2016, this density had reduced by 43% to 0.9 animals per hectare,
despite 1.12 animals per hectare having being culled from the area in the interim. By December
2016, after the period of expected pouch young emergence, the population had increased by 55% to
1.4 animals per hectare and by March 2017 an additional 23% population increase brought the
kangaroo density within the target area of Canberry Fair back to 1.72 animals per hectare, or 106%
of the pre-cull density (Figure 3a). In the second year, a smaller cull of a 0.33 animals per hectare
(~19%) resulted in a 30% reduction in the population density to 1.21 animals per hectare by July
2017. Subsequently, increases of only 11% (to 1.34 animals per hectare) and 3% were observed to
December 2017 and March 2018 respectively, leaving the population at 1.38 animals per hectare, or
80% of the 2017 pre-cull density. This final survey in autumn 2018 saw the population to be 86% of
its initial density after the two years and two culls.

At Campbell Park, significant fluctuations in the population density were observed which were
inconsistent in both scale and timing with anticipated natural processes of recruitment (late
spring/early summer) and mortality (late winter/early spring; Figure 3a). With an initial density of 5.4
animals per hectare in May 2016, and a small amount of culling taking place in the buffer area during
autumn and early winter of the same year, population density in this area was observed to increase

6 Kangaroo management on a localised scale



by 9% to September 2016, but decline by 24% over summer and autumn (during the period of
anticipated peak recruitment). Similar trends were observed in 2017 with a 26% increase in
population density between March and July (corresponding with a larger cull within the adjacent
buffer) followed by a 13% decline to December 2017 and 9% increase to March 2018.

The population as a whole in the Ainslie Majura KMU declined across the three annual counts
between autumn 2016 to autumn 2018 (Figure 4b). Between the autumn of 2016 and 2017, the
population had declined by 23% after approximately 15% of the population had been culled and a
further 9.9% (n=447) had been killed as a result of vehicle collisions (ACT Government 2017,
unpublished data). A further reduction of 21% was observed between autumn 2017 and autumn
2018, with 11% of animals having been removed through culling and 8.9% of the population (n=316)
having been killed on nearby roads over a similar timeframe (ACT Government 2018, unpublished

data).
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Figure 3. The change in density of kangaroos in the
target areas at Canberry Fair (red diamonds) and Campbell Park (blue circles) (a), and across the entire
Ainslie Majura KMU between autumn 2016 and autumn 2018 (b). Dashed lines indicate initial kangaroo
density at each site. The arrows indicate the timing and size (density) of the culls within the respective areas
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(see text for details).

4 Discussion

Over two years, the limited area cull trial at Canberry Fair was associated with a modest reduction in
kangaroo density within the target area relative to the initial levels. However, significant changes in
population density at Canberry Fair throughout this time could not be solely attributed to the cull
and subsequent population growth through recruitment, especially given that the population decline
in the Canberry Fair target area (14% decline) was far less than that observed more broadly at the
KMU scale (40% decline) over the same time period.

In 2016, the cull which removed 1.12 animals per hectare from Canberry Fair and its buffer area
failed to achieve the anticipated reduction in population density at the September count (2 months
post cull) of that year. Although the proportion of animals removed from the target area versus the
buffer was unknown for this cull, the sharp increases in population density between subsequent
surveys of the target area in December 2016 and March 2018 were likely too great to be explained
by recruitment alone. This strongly indicates that animals remaining in the adjacent areas had
shifted their home ranges into the Canberry Fair target area after the first cull. Conversely, the
density of kangaroos in Canberry Fair was lower than expected 1 month after the second cull (i.e. in
July 2017), which may indicate that some remaining individuals were temporarily displaced from the
target area as a result of culling operations.

In both 2016 and 2017, the population density in the Campbell Park target area increased during late
autumn and winter (9% between May — September in 2016; and 26% between March —July 2017) a
period usually associated with steady or declining populations due to a peak in resource-dependent
natural mortality (i.e. starvation or increased vehicle strike due; (Dunne 2017; Brunton et al. 2019)).
This unseasonal increase in kangaroo density may again have resulted from culling in the adjacent
Campbell Park buffer area, temporarily displacing animals into the adjoining “safe” area of the
Campbell Park target area where no culling was being undertaken. Conversely, the period usually
associated with increases in population density due to natural recruitment (late spring to summer)
was associated with population decreases in the Campbell Park target area across both years (-15%
in 2016 and -13% in 2017). These declines may either be indicative of significant natural mortality
due to starvation (Portas and Snape 2018) or increased vehicle strike (Dunne 2017) in late winter
and early spring; or represent a return of migrant kangaroos back into adjacent areas in response to
a decrease in the perceived threat outside of the mixed sex culling season of March — July (ACT
Government 2010).

The overall density of kangaroos across the entire Ainslie Majura KMU reduced substantially
between autumn 2016 and autumn 2018, during which time the two limited area culls took place. It
is clear that these declines were driven by more than culling alone, as the reduction in numbers
within Ainslie Majura was far greater than the number of kangaroos removed. The main causes of
population decline in peri-urban populations of kangaroos in Canberra (other than culling) are
considered to be starvation in food limited populations, (Portas and Snape 2018), vehicle-strike
(Dunne 2017), and predation by native or introduced predators (Banks et al. 2000; ACT Government

8 Kangaroo management on a localised scale



2010). Whilst the relative contribution of each of these factors is likely to be site specific, high
reports of vehicle strikes on suburban roads surrounding this KMU coupled with serious deficiencies
in ground layer vegetation provide grounds (ACT Government, unpublished data) for significant
alternative causes of mortality at this site. Moreover, decreases in population density at Ainslie
Majura above those accounted for by culling are consistent with those observed at other food
limited sites across the ACT, especially during 2016-2017 when population reductions of between
10% and 35% were observed across two of three comparable sites (ACT Government, unpublished
data).

5 Conclusion and management implications

Evidence of effective (and sustained) kangaroo management at the local (i.e. sub-KMU) scale was
not demonstrated in this study. Changes in kangaroo density observed within both the Canberry Fair
and Campbell Park target areas did not match predicted responses from culling and recruitment
alone, indicating that immigration and emigration, possibly in response to disturbance caused by
management activities, have a strong impact on population density at the sub-KMU scale.

These findings support the ongoing management of kangaroos at the whole of KMU scale, as the
most effective means of reducing population density and associated grazing impacts in areas of high
conservation significance.
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Year Total Cull |No. Sites . .
5009 294 5 Annual Canberra Nature Park Conservation Culling Program
2010 1839 7 o 4500
2011 2439 5 < 4000
2012 1154 6 © 3500
2013 1149 6 8 3000

©
2014 1521 6 g 2500

T
2015 1689 8 % 2000
2016 1989 8 5 oo

1000
2017 1186 8 £
2018 1822 6 2 B
2019 4035 9 weoo
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
2020 1931 6
2021 1505 5 E Number Culled  es====Number of Sites
2022 1645 5
2023 1041 4
Total 25439

Summary of information

- The conservation culling program aims to protect the critically endangered grassy ecosystems within Canberra Nature Park from the
threat of overgrazing by kangaroos.

- The program began in 2009, and has continued annually for 14 years

- The numbers of kangaroos to remove from individual management units is determined based on the Conservation Culling Calculator
which sits under the Eastern Grey Kangaroo: Controlled Native Species Management Plan (ACT Government, 2017)

- Since 2019, herbage mass monitoring and more sophisticated modelling has allowed these calculator outputs to be adjusted to
account for the current condition of ground layer vegetation.

- The herbage mass monitoring is also used to assess the effectiveness of kangaroo management in achieving biodiversty benefits

- Managing kangaroos at any given site usually involves larger initial reductions in kangaroo population density over 1-3 years,
followed by smaller annual 'maintanence’ programs to maintain an equilibrium between kangaroo grazing pressure and grassy habitat
- The capacity of the program has increased over time, enabling new sites within Canberra Nature Park to be added to the program
based on prioritisation of conservation values and consideration of operational constraints

- The wetter than average conditions in the last 3 years has resulted in good vegetation recovery at sites where kangaroos have been
regularly managed. This has meant that reduced or no culling has been required at some sites since 2020.
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- Note - the data provided for the 2019 report included cull numbers for Googong Foreshores in some years, Googong has now been
excluded from all years so the data reflects sites only within Canberra Nature Park and within the ACT.

- Note - number of 'sites' has been provided to keep data consistent with what was provided for 2019 however some sites have been
combined in some years. It might be better to provide number of 'reserves' instead, please let me know if you would like that
information instead.



From:

Sent: Tue, 19 Dec 2023 18:25:44 +1100
To: Wimpenny, Claire
Subject: RE: docs

Caution: This email originated from outside of the ACT Government. Do not click links or
open attachments unless you recognise the sender and know the content is safe. Learn why
this is important

OH - PS — do you have a file with each years’ population estimates (and #sites) as well?

From: Wimpenny, Claire <Claire.Wimpenny@act.gov.au>
Sent: Tuesday, December 19, 2023 6:14 PM

To:

Cc: Keighley, Miles <Miles.Keighley@act.gov.au>
Subject: docs

OFFICIAL

Hi Sarah,

Here are some of the docs you are looking for.

| can’t find anything about looking at the replication of sweep and direct counts but it was definitely
done in response to the 2014 review recommendations. I'll ask Mel when she’s back. Actually, is there
anything you would like to chat to Mel about? She has been away for the last couple of months but will
be back in Jan.

| have most of the rural cull records, just missing a couple of years, so | will send that in the next few
days. Also, did you want the number of PY killed in the conservation cull? The attached file just has
adults but | can add PY to it without too much trouble.

Miles — | found a digital copy of the Morgan and Pegler paper so could you please just have a look for
this one at DOB:
e Fletcher D 2006b. What process limits the high-density populations of eastern grey kangaroos at
Gudgenby and other local sites? in Caring for Namadgi: Science and People, ed. National Parks
Association of the ACT (National Parks Association of the ACT, Canberra.):pp. 61-77.

Regards,

Claire Wimpenny

Senior Ecologist

Office of Nature Conservation | Environment, Heritage and Water Division | Environment, Planning and
Sustainable Development Directorate (EPSDD) | ACT Government

Phone +612 6205 8252 | Email claire.wimpenny(@act.gov.au




480 Northbourne Avenue, Dickson ACT 2602| GPO Box 158 Canberra ACT 2601 | www.environment.act.gov.au

Conservation Research Website | EPSDD Environment Science Platform | View our story map collection here!

EPSDD Science Platform

YoLr ¢ s hiuh far EPSDD science related content.

I acknowledge the Ngunnawal people as traditional custodians of the ACT and recognise any other people or families with
connection to the lands of the ACT and region. | acknowledge and respect their continuing culture and the contribution they
make to the life of this city and this region.

This email, and any attachments, may be confidential and also privileged. If you are not the
intended recipient, please notify the sender and delete all copies of this transmission along with
any attachments immediately. You should not copy or use it for any purpose, nor disclose its
contents to any other person.




From: Wimpenny, Claire

Sent: Tue, 19 Dec 2023 20:41:09 +0000

To: ; Howland, Brett

Subject: RE: figure

Attachments: Brett Howland Grassland figure.png
OFFICIAL

Hi Sarah,

Is this version better? | copied it from the powerpoint presentation.

Regards,

Claire Wimpenny

Senior Ecologist

Office of Nature Conservation | Environment, Heritage and Water Division | Environment, Planning and
Sustainable Development Directorate (EPSDD) | ACT Government

Phone +612 6205 8252 | Email claire.wimpenny(@act.gov.au

480 Northbourne Avenue, Dickson ACT 2602| GPO Box 158 Canberra ACT 2601 | www.environment.act.gov.au

From: >

Sent: Wednesday, 20 December 2023 6:51 AM

To: Wimpenny, Claire <Claire. Wimpenny@act.gov.au>; Howland, Brett <Brett.Howland@act.gov.au>
Subject: figure

Caution: This email originated from outside of the ACT Government. Do not click links or
open attachments unless you recognise the sender and know the content is safe. Learn why
this is important

Hi Claire, Brett

Do you have this figure or a similar one at a better resolution? It is fig 8 in the 2018 workshop report,
and | think its in one of your papers Brett. | will probably stick it in the report, it is very helpful for getting
the point over. Its ok if you cant easily get it, | can recreate it.

S
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From:

Sent: Wed, 20 Dec 2023 13:29:24 +1100
To: Howland, Brett; Wimpenny, Claire
Subject: RE: figure

Caution: This email originated from outside of the ACT Government. Do not click links or
open attachments unless you recognise the sender and know the content is safe. Learn why
this is important

That would be handy Brett, bec I'll invert the colour and edit out any text | dont need. | can do that in
photoshop if | start with a high res version.

Or else if you have the source file in an editable format, that would be the most perfect thing.

From: Howland, Brett <Brett.Howland@act.gov.au>
Sent: Wednesday, December 20, 2023 9:17 AM

To: Wimpenny, Claire <Claire. Wimpenny@act.gov.au>;
Subject: RE: figure

OFFICIAL

I have a high resolution version if needed.

From: Wimpenny, Claire <Claire.Wimpenny@act.gov.au>

Sent: Wednesday, December 20, 2023 7:41 AM

To: Howland, Brett <Brett.Howland@act.gov.au>
Subject: RE: figure

OFFICIAL

Hi Sarah,
Is this version better? | copied it from the powerpoint presentation.

Regards,

Claire Wimpenny

Senior Ecologist

Office of Nature Conservation | Environment, Heritage and Water Division | Environment, Planning and
Sustainable Development Directorate (EPSDD) | ACT Government

Phone +612 6205 8252 | Email claire.wimpenny(@act.gov.au

480 Northbourne Avenue, Dickson ACT 2602| GPO Box 158 Canberra ACT 2601 | www.environment.act.gov.au




From:

Sent: Wednesday, 20 December 2023 6:51 AM

To: Wimpenny, Claire <Claire. Wimpenny@act.gov.au>; Howland, Brett <Brett.Howland@act.gov.au>
Subject: figure

Caution: This email originated from outside of the ACT Government. Do not click links or
open attachments unless you recognise the sender and know the content is safe. Learn why
this is important

Hi Claire, Brett

Do you have this figure or a similar one at a better resolution? It is fig 8 in the 2018 workshop report,
and | think its in one of your papers Brett. | will probably stick it in the report, it is very helpful for getting
the point over. Its ok if you cant easily get it, | can recreate it.
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This email, and any attachments, may be confidential and also privileged. If you are not the
intended recipient, please notify the sender and delete all copies of this transmission along with
any attachments immediately. You should not copy or use it for any purpose, nor disclose its
contents to any other person.




From: Sarah Legge

Sent: Thu, 21 Dec 2023 10:30:02 +1100
To: Keighley, Miles

Cc: Wimpenny, Claire

Subject: Re: docs

Caution: This email originated from outside of the ACT Government. Do not click links or
open attachments unless you recognise the sender and know the content is safe. Learn why
this is important

Don’t worry about it, I can ask Don himself. thanks for looking.

Sent from my 1Phone

On 21 Dec 2023, at 10:28 am, Keighley, Miles <Miles.Keighley@act.gov.au>
wrote:

Hi Sarah,
I’'m afraid we don’t have a copy of this at DOB or at Mitchell Depot:
o Fletcher D 2006b. What process limits the high-density populations of eastern grey
kangaroos at Gudgenby and other local sites? in Caring for Namadgi: Science and
People, ed. National Parks Association of the ACT (National Parks Association of the
ACT, Canberra.):pp. 61-77.

If you would like | could ask Mim Jambrecina, head ranger at Namadgi?
Cheers,
Miles.

From: >
Sent: Tuesday, December 19, 2023 6:25 PM

To: Wimpenny, Claire <Claire. Wimpenny@act.gov.au>

Cc: Keighley, Miles <Miles.Keighley@act.gov.au>

Subject: RE: docs

You don't often get email from Learn why this is important

Caution: This email originated from outside of the ACT Government. Do not click links or
open attachments unless you recognise the sender and know the content is safe. Learn why
this is important




Brilliant, thanks Claire.
Yes, better give me the info on PY, just so no one can say we are ignoring them.

And yes, | would love to meet and talk to Mel, but let’s pick that up in Jan.

From: Wimpenny, Claire <Claire.Wimpenny@act.gov.au>
Sent: Tuesday, December 19, 2023 6:14 PM

To:

Cc: Keighley, Miles <Miles.Keighley@act.gov.au>
Subject: docs

OFFICIAL

Hi Sarah,

Here are some of the docs you are looking for.

| can’t find anything about looking at the replication of sweep and direct counts but it was
definitely done in response to the 2014 review recommendations. I'll ask Mel when she’s
back. Actually, is there anything you would like to chat to Mel about? She has been away
for the last couple of months but will be back in Jan.

| have most of the rural cull records, just missing a couple of years, so | will send that in the
next few days. Also, did you want the number of PY killed in the conservation cull? The
attached file just has adults but | can add PY to it without too much trouble.

Miles — | found a digital copy of the Morgan and Pegler paper so could you please just have
a look for this one at DOB:
o Fletcher D 2006b. What process limits the high-density populations of eastern grey
kangaroos at Gudgenby and other local sites? in Caring for Namadgi: Science and
People, ed. National Parks Association of the ACT (National Parks Association of the
ACT, Canberra.):pp. 61-77.

Regards,

Claire Wimpenny

Senior Ecologist

Office of Nature Conservation | Environment, Heritage and Water Division | Environment,
Planning and Sustainable Development Directorate (EPSDD) | ACT Government

Phone +612 6205 8252 | Email claire.wimpenny@act.gov.au

480 Northbourne Avenue, Dickson ACT 2602| GPO Box 158 Canberra ACT 2601 |
www.environment.act.gov.au

Conservation Research Website | EPSDD Environment Science Platform | View our story map
collection here!
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I acknowledge the Ngunnawal people as traditional custodians of the ACT and recognise any other people or
families with connection to the lands of the ACT and region. | acknowledge and respect their continuing culture
and the contribution they make to the life of this city and this region.

This email, and any attachments, may be confidential and also privileged. If you are
not the intended recipient, please notify the sender and delete all copies of this
transmission along with any attachments immediately. You should not copy or use it
for any purpose, nor disclose its contents to any other person.




From: Wimpenny, Claire

Sent: Thu, 21 Dec 2023 11:02:47 +0000

To:

Subject: Cath Herbert kangaroo vehicle collision report

Attachments: Stage 3 Report. Final Report and Draft Grant Application_FINAL.pdf
Hi Sarah,

Catherine Herbert said she is happy for me to share the kangaroo-vehicle collision report | mentioned
the other day with you, see attached. | haven’t read it yet. She’s also happy for you to contact her if you

like but she wont be back at work until the 15" Jan -_

| have a list of various other things to send you today/tomorrow.

Regards,

Claire Wimpenny

Senior Ecologist

Office of Nature Conservation | Environment, Heritage and Water Division | Environment, Planning and
Sustainable Development Directorate (EPSDD) | ACT Government

Phone +612 6205 8252 | Email claire.wimpenny(@act.gov.au

480 Northbourne Avenue, Dickson ACT 2602| GPO Box 158 Canberra ACT 2601 | www.environment.act.gov.au

Conservation Research Website | EPSDD Environment Science Platform | View our story map collection here!

EPSDD Science Platform

Your one stop hiub for ERS0DD science related content.

I acknowledge the Ngunnawal people as traditional custodians of the ACT and recognise any other people or families with
connection to the lands of the ACT and region. | acknowledge and respect their continuing culture and the contribution they
make to the life of this city and this region.



From:

Sent: Fri, 22 Dec 2023 08:31:57 +1100
To: Mclntosh, Sally; Wimpenny, Claire
Subject: RE: carcass utilisation report

Caution: This email originated from outside of the ACT Government. Do not click links or
open attachments unless you recognise the sender and know the content is safe. Learn why
this is important

Got it, thanks Sally.

What an interesting report!

And same to you — have a good break, and catch you in the new year.
S

From: Mclintosh, Sally <Sally.McIntosh@act.gov.au>
Sent: Thursday, December 21, 2023 1:50 PM

To: Wimpenny, Claire <Claire. Wimpenny@act.gov.au>;
Subject: RE: carcass utilisation report

OFFICIAL
Hi Sarah,
Please find attached the carcass utilisation report as requested by Claire.

Hope you manage a relaxing and enjoyable break over the Christmas period!

From: Wimpenny, Claire <Claire.Wimpenny@act.gov.au>
Sent: Wednesday, December 20, 2023 2:28 PM

To: Mclntosh, Sally <Sally.Mclntosh@act.gov.au>
Subject: carcass utilisation report

OFFICIAL
Hi Sal,
Could you please send Sarah Legge a copy of the carcass utilisation
report? (assuming it’s ok to share with her?) | couldn’t find the final in the depths of Objective.

Hope your chat with her goes well today!

Regards,

Claire Wimpenny

Senior Ecologist



Office of Nature Conservation | Environment, Heritage and Water Division | Environment, Planning and
Sustainable Development Directorate (EPSDD) | ACT Government
Phone +612 6205 8252 | Email claire.wimpenny(@act.gov.au

480 Northbourne Avenue, Dickson ACT 2602| GPO Box 158 Canberra ACT 2601 | www.environment.act.gov.au

Conservation Research Website | EPSDD Environment Science Platform | View our story map collection here!

EPSDD Science Platform

Your on 3 hub for EPSDD science related content

I acknowledge the Ngunnawal people as traditional custodians of the ACT and recognise any other people or families with
connection to the lands of the ACT and region. | acknowledge and respect their continuing culture and the contribution they
make to the life of this city and this region.

This email, and any attachments, may be confidential and also privileged. If you are not the
intended recipient, please notify the sender and delete all copies of this transmission along with
any attachments immediately. You should not copy or use it for any purpose, nor disclose its
contents to any other person.




From: Wimpenny, Claire

Sent: Fri, 22 Dec 2023 05:38:28 +0000
To:
Subject: Animal Welfare Advisory Committee meetings
Attachments: AWAC Meetings December 2023 - EGK plan review.docx
OFFICIAL
Hi Sarah,
| thought it might be worth me sharing my quick notes from the AWAC meeting on the 15t December

oth

and the meeting with the AWAC kangaroo sub-committee on 20" December, see attached.

Key questions from the group have been about: the need to engage a kangaroo welfare expert,
treatment of PY, how numbers to cull are calculated, alternatives to shooting, fertility control.

The Chair expressed strongly that she would like the committees input to be incorporated into your
draft before it is submitted to ACT Gov. A possible complicating factor in this is that after you meet with
the sub-committee, she would like to submit a written position statement that has been endorsed by
the whole committee. I’'m not sure what sort of timing would be required for this, but | suggested they
discuss the need for this when you meet.

Regards,

Claire Wimpenny

Senior Ecologist

Office of Nature Conservation | Environment, Heritage and Water Division | Environment, Planning and
Sustainable Development Directorate (EPSDD) | ACT Government

Phone +612 6205 8252 | Email claire.wimpenny(@act.gov.au

480 Northbourne Avenue, Dickson ACT 2602| GPO Box 158 Canberra ACT 2601 | www.environment.act.gov.au

Conservation Research Website | EPSDD Environment Science Platform | View our story map collection here!

EPSDD Science Platform

Your one stop hiub far EPSDD sclence related content.

I acknowledge the Ngunnawal people as traditional custodians of the ACT and recognise any other people or families with
connection to the lands of the ACT and region. | acknowledge and respect their continuing culture and the contribution they
make to the life of this city and this region.



Animal Welfare Advisory Committee Meeting — 15t December 2023

Notes on discussion about EGK CNSMP review:

Overall:

(Chair) - The Committee are interested in participating in the external review
process and will form a sub-committee to work on the issue. Would like to meet with CW initially to
discuss current policies/program details that aren’t in the 2017 plan so that can inform their input to
SL.

Main individual comments/questions:

( — Stated the 2017 plan is old. Suggested meeting with CW prior to
meeting with SL

) — Suggested that a macropod welfare expert
needed to be consulted. Asked if ACT Gov research would be peer reviewed.

) — Does not agree with wording in current plan around the development
of PY neurological system and onset of pain perception — said it needed to be reviewed, but might
just be a matter of inappropriate wording. Asked if there were any new alternative methods to
shooting (eg poisons, fertility control — | gave a quick update on current GonaCon work). Asked
about methods for euthanasing PY and that this wasn’t specified in the plan (I advised her it was
addressed in the COP).

— asked why the ACT Government blamed only
kangaroos for negative impacts on threatened species when there are many other threats, including
urban development. | explained that ACT Government doesn’t just blame kangaroos, agree that
there are many threats, kangaroo management is just one part of a suite of management tools that
are used in reserves, these reserves are fragmented and impacted by many threats which is why it is
so important to manage them carefully (not sure | did a very good job on this answer!)

Powerpoint slides provided to Secretariat.

Sub-committee meeting with CW arranged for 20 December.

Animal Welfare Advisory Committee Kangaroo Sub-committee
Meeting — 20" December 2023

Members:



Prior to meeting:

indicated the sub-committee would like to focus on the welfare aspects of the plan in this
meeting, she also forwarded some questions from who was unable to attend the
meeting:

“My questions are mainly around:

1. Ensuring updated science is used to inform the strategies around use of alternatives to
shooting (eg reproductive control, humane drugs)

2. Reviewing the current methods for destroying pouch young (currently blunt trauma). There
needs to be input from an expert in stunning and euthanasia methods to see if there are
better ways this could be done (eg captive bolt, injectable euthanasia??). Eg or

are vets who are both very knowledgeable about humane killing techniques. Or
may be able to suggest someone

3. There are claims in the document about what age the neonatal joey becomes conscious,
which don’t look correct to me — | think this needs review (suggest Craig Johnston veterinary
neurophysiologist at Massey Uni): Prof Craig Johnson - Professor of Veterinary
Neurophysiology - Massey University. Or he may be able to suggest someone”

| responded saying these questions were best directed to Sarah so they could be considered in the
review (if they weren’t already) but that | could address these topics at the meeting in terms of what
we do now and why. | also provided them with a link to McLeod and Sharp, 2014 Improving the
humaneness of commercial kangaroo harvesting for information relevant to questions 2 and 3.

At the meeting:

The beginning of the discussion focussed on the scope and timing of the review (recap of previous
meeting) and | advised | would put in contact with Sarah so that a meeting could be
organised for early January. | mentioned that we were likely to have a draft report mid January but
AWAC feedback could be included after that if required. The sub-committee were of the strong view
that they would like their feedback incorporated before the draft is provided to ACT Gov. Genevieve
also mentioned that they would like to provide a written position statement after the meeting with
Sarah and that this would need to be endorsed by the wider AWAC committee (not just the sub-
committee). This may impact timelines. | mentioned that other groups were contributing to the
review verbally only but she could discuss options with Sarah.
They did express some concern that the review was being held at this time of year when people are
busy/away.

raised that it would be good for Sarah to talk to groups like Save Canberra’s Kangaroos. |
gave a rundown on which groups have been consulted and that the focus of this part of the review
was engaging with key local groups. Broader public consultation would be undertaken when the new
draft report is released. They were supportive of this approach.

Other topics that were discussed:



. guestions were mentioned and it was noted that | had provided the link to the
McLeod & Sharp report — no one else had any addition questions related these topics.

e | provided some background information about the COP and the other animal welfare
measures the ACT has (shooter testing, culling season, vet audits), also talked about
terminology of counts and culls are of “independently mobile animals” —includes YAF, sub-
adults and adults but excludes PY).

. asked whether “euthanasia” was the agreed term used for pouch young in culling
activities (because that’s what | was saying), | said yes, that’s what was in the Code.

| referred to it being defined as a “good death”
and in animals often referring to the method of killing, rather than the reason for killing.

| agreed that terminology was important

and that we should use correct, “honest/true” words. Some options discussed were kill or
cull. After the meeting | sent some further information confirming the use of the word in the
COP and the definition | had referred to in the meeting. | said | was comfortable with the use
of the term in this context but understood this would not be everyone’s definition and it
might be something to raise with Sarah.

° had 3 main points:

o Reviewing how PY were killed

o Given the 95% instantaneous death rate in the latest vet report - was there appetite
in government to improve this? | said we were always striving for the highest
possible animal welfare standards and would continue to do what we could to
maintain and improve these but culling operations are challenging. Vet audits have
all shown high compliance with the Code.

o How numbers to cull are calculated — | ran through the calculation of the number to
cull, including count methods briefly, but the meeting had already run overtime so
there wasn’t really time to do this topic justice.

e Someone (I think asked about the current fertility control program — | provided a
quick update on what we have done since 2022.

| provided the group with my powerpoint slides after the meeting (including some we didn’t get time
to talk about).



From:

Sent: Fri, 22 Dec 2023 17:34:22 +1100
To: Wimpenny, Claire
Subject: RE: bits and pieces

Caution: This email originated from outside of the ACT Government. Do not click links or
open attachments unless you recognise the sender and know the content is safe. Learn why
this is important

Out of Scope

From: Wimpenny, Claire <Claire. Wimpenny@act.gov.au>
Sent: Friday, December 22, 2023 5:31 PM

To:
Subject: RE: bits and pieces

OFFICIAL

Accoring to our leave spreadsheet, [

is mobile number is_ if it’s easier to catch him on the

phone rather than email.

It will definitely be tomorrow for those numbers nowr of Scope

Your plan for AWAC sounds perfect.

Thanks so much for all your work on this so far, and for putting up with the ever-increasing stakeholder
list! It's so valuable to have a fresh perspective on the issue and your insights/suggestions so far have
been great. I'm really glad you agreed to take on the job!

Regards,

Claire Wimpenny

Senior Ecologist

Office of Nature Conservation | Environment, Heritage and Water Division | Environment, Planning and
Sustainable Development Directorate (EPSDD) | ACT Government

Phone +612 6205 8252 | Email claire.wimpenny@act.gov.au

480 Northbourne Avenue, Dickson ACT 2602| GPO Box 158 Canberra ACT 2601 | www.environment.act.gov.au




From: >
Sent: Friday, 22 December 2023 5:14 PM

To: Wimpenny, Claire <Claire. Wimpenny@act.gov.au>

Subject: RE: bits and pieces

Caution: This email originated from outside of the ACT Government. Do not click links or
open attachments unless you recognise the sender and know the content is safe. Learn why

this is important

Hi Claire
Thanks for all that.

One last question: when is ? I have a couple of things to ask him, and | wasn’t able

to catch him today.
Those cull/roadkill figs would be lovely, IF EASY!

Rest, you earn it that’s for sure.
S

From: Wimpenny, Claire <Claire.Wimpenny@act.gov.au>
Sent: Friday, December 22, 2023 5:11 PM

To:

Cc: Keighley, Miles <Miles.Keighley@act.gov.au>
Subject: bits and pieces

OFFICIAL

Hi Sarah,
A few bits and pieces before

RSVPs for meeting with PCS - Tues gth January 3pm:

Stephen

Alegria Executive Group Manager - Parks and Conservation Service Accepted
Michaela

Watts Senior Director - Parks and Partnerships Accepted

Nick

Daines Director Urban Reserves No response yet
Peter

Cotsell Director - NNP, TNR, MRC No response yet

Veg data outside CNP



| spoke to Brett Howland briefly about vegetation monitoring on rural lands and in Namadgi NP. There
are veg plots in some valleys in Namadgi that include grass height/cover data that would be useful from
a kangaroo perspective and there are plans to potentially add some more plots in Gudgenby valley soon.
Brett also mentioned that a PhD student who is starting work on Dingoes in Namadgi soon is planning to
do vegetation surveys, so there’s potential to get useful data from that too. Similarly, there is veg data
collected on some rural lands as part of Land Management Agreement assessments. So, some relevant
data out there that could be built on if required.

Due dates
As discussed, we are happy to extend the due dates for both the draft and the final report as required,

let me know what works for you.
So sometime around mid-Jan for the draft works for us if that works for you and gives you enough
time to wrap up the last of the stakeholder chats? We can discuss pushing it out further if required. We

will prioritise your draft as soon as it comes in so we can get comments back to you ASAP (and | am still
willing to read it over my holidays if you need me to!).

Count, cull, roadkill numbers
| will send what | have later today or tomorrow.

I think that’s it for now. Miles will be back at work on the 2" so he can be your primary contact while

Please don’t hesitate to ring me on my mobile if you need to though (I promise | don’t mind!).

Hope you have a lovely Christmas break!

Regards,

Claire Wimpenny

Senior Ecologist

Office of Nature Conservation | Environment, Heritage and Water Division | Environment, Planning and
Sustainable Development Directorate (EPSDD) | ACT Government

Phone +612 6205 8252 | Email claire.wimpenny(@act.gov.au

480 Northbourne Avenue, Dickson ACT 2602| GPO Box 158 Canberra ACT 2601 | www.environment.act.gov.au

Conservation Research Website | EPSDD Environment Science Platform | View our story map collection here!




EPSDD Science Platform

Your on o hub for EPSDD science related content

I acknowledge the Ngunnawal people as traditional custodians of the ACT and recognise any other people or families with
connection to the lands of the ACT and region. | acknowledge and respect their continuing culture and the contribution they
make to the life of this city and this region.

This email, and any attachments, may be confidential and also privileged. If you are not the
intended recipient, please notify the sender and delete all copies of this transmission along with
any attachments immediately. You should not copy or use it for any purpose, nor disclose its
contents to any other person.




From: Wimpenny, Claire

Sent: Sat, 23 Dec 2023 07:41:42 +0000

To:

Subject: cull and count numbers

Attachments: Rural and Conservation Cull numbers for Sarah.xlsx
OFFICIAL

Hi Sarah,

Here are the cull numbers you were after.

In the conservation cull tab | have included:

e The number of sites counted - these are the sites counted and considered in culling advice, we
may have counted additional sites that aren’t included here for other reasons

e The total number of EGKs counted at the above sites

e The number of sites culled

e The Operational Cull Target — every year the ecological advice is considered against operational
considerations to come up with a feasible program, so the operational target is usually lower
than our recommendations (and less sites)

e The total number shot - ‘independently mobile’ is used here to cover adults, subadults and
YAFs

e The number of PY killed

Miles (or me when I’'m back!) will be able to help you with site-specific details if needed.

Regards,

Claire Wimpenny

Senior Ecologist

Office of Nature Conservation | Environment, Heritage and Water Division | Environment, Planning and
Sustainable Development Directorate (EPSDD) | ACT Government

Phone +612 6205 8252 | Email claire.wimpenny(@act.gov.au

480 Northbourne Avenue, Dickson ACT 2602| GPO Box 158 Canberra ACT 2601 | www.environment.act.gov.au

Conservation Research Website | EPSDD Environment Science Platform | View our story map collection here!




EPSDD Science Platform

I acknowledge the Ngunnawal people as traditional custodians of the ACT and recognise any other people or families with

connection to the lands of the ACT and region. | acknowledge and respect their continuing culture and the contribution they
make to the life of this city and this region.



Conservation cull in CNP reserves

Total
No. of Total ) )
Year Sites Counted No. Sites | Operationa Inde!)endently Total PY Culled
Counted |EGK Culled | Target mobile EGK
Culled

2009 5 902 5 539 494|not recorded
2010 7 3043 7 1890 1839|not recorded
2011 5 4625 5 3427 2439|not recorded
2012 11 5,333 6 1,880 1,154|not recorded
2013 12 6,206 6 1,244 1,149|not recorded
2014 13 10,118 6 1,606 1,521 560
2015 11 6,236 8 1,962 1,689 701
2016 14 13,952 8 1,991 1,989 800
2017 12 14,540 8 1,197 1,186 502
2018 15 16,341 6 1,822 1,822 793
2019 15 14,680 9 4,076 4,035 1603
2020 16 11,320 6 1,958 1,931 631
2021 16 11,397 5 1,568 1,505 619
2022 15 15,456 5 1,650 1645 608
2023 15 12,609 4 1042 1041 362

I'm pretty sure additional sites were counted this year but couldn't easily find details, will check and update later

need to check the cull figures for this year, found a discrepancy between records



Rural EGK cull

Number of
. Number of
properties Number of
. kangaroos
Year authorised to . kangaroos
authorised to be
cull reported shot
shot
kangaroos
2015 81 21166 11783
2016 69 22795 7069
2017 71 21090 9855
2018 65 21555 14569
2019 81 25609 12359
2020 63 18798 7820
2021 55 17444 5284
2022 39 13193 3878
Notes:

2015 numbers in EGK CNSMP 2017 appear to be incorrect or
incomplete, numbers here are taken from original cull

spreadsheet.
Number authorised and shot includes mixed sex and male

only seasons.
Numbers reported shot in some years is indicative only

because some properties did not provide reports (recent




From: Wimpenny, Claire

Sent: Sat, 23 Dec 2023 07:47:10 +0000
To:
Subject: Project Plan for GonaCon program
Attachments: Integrating GonaCon into the EGK management program - PROJECT PLAN.docx
OFFICIAL
Hi Sarah,

Just thought it might be worth sending you the project plan for the GonaCon program in case it's of use/interest. I'm
very behind with formal reporting on this project (never enough time!) but this will give an overview of what we are
planning to do over the next few years.

Cheers

Claire

Claire Wimpenny has sent you a copy of "Integrating GonaCon into the EGK management program - PROJECT
PLAN" (A30414820) v4.0 from Objective.
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Project Plan: Integrating GonaCon into the Eastern Grey Kangaroo Management Program

1. Project Definition

1.1 Introduction

ACT Government undertakes an annual Eastern Grey Kangaroo conservation culling program in priority
areas of Canberra Nature Park (CNP) to manage the negative impacts of excessive kangaroo grazing on
critically endangered grassy ecosystems. Whilst the capacity and cost-effectiveness of the
conservation culling program has increased significantly over its 12-year history, it is still delivered in
only a subset of impacted reserves due to logistical and operational constraints associated with
culling in the peri-urban environment.

The inclusion of an effective fertility control method in the kangaroo management program would reduce
population growth rates and decrease the amount of future culling required at sites where it is used. This
is projected to reduce the number of individual animals impacted by management activities within
selected sites, as well as decrease the long-term site-specific costs of macropod management over a 20-
year horizon. The reduction in management costs will allow for expansion of kangaroo management
into new areas, thus increasing the biodiversity benefit of the program. The use of fertility control for
managing kangaroos is supported by the ACT community, with 80% of residents surveyed in 2019
believing it was important to apply fertility control to kangaroos in Canberra.

ACT Government and CSIRO research into fertility control methods for kangaroos has shown that
GonaCon Immunocontraceptive Vaccine provides long lasting infertility in treated females following
administration of a single dose and can be administered via an injection given by hand, or remotely via a
dart. Recent research results show GonaCon is effective in reducing population growth within small,
discrete populations. Based on these results, priority nature reserves that are currently managed by
culling have been identified, in which GonaCon is likely to effectively reduce population growth.

The ACT Government 2020 Parliamentary and Governing Agreement (PaGA) (Appendix 4 Priority 1.2:
Expand GonaCon dart delivery rollout to enable a more humane approach to kangaroo population
management [S1.4M over four years]) identified as a high priority the rollout of GonaCon
contraceptive vaccine into the conservation culling program. A budget bid was prepared to enable
integration of this tool into standard operational practice from 2022 onwards and initiative funding
has been granted for 2022/23 to 2024/25 (Budget Initiative EO1 — Innovations in macropod
management). To enable GonaCon to be included in the 2022 kangaroo management season,
existing EH&W funding will be used to commence GonaCon treatments at one site in April 2022.

Further information about the ACT Government and CSIRO trials of GonaCon can be found in:
Wimpenny C and Hinds LA (2018). Fertility control of Eastern Grey Kangaroos in the ACT - Assessing
efficacy of a dart-delivered immunocontraceptive vaccine. Environment, Planning and Sustainable
Development Directorate, ACT Government, Canberra.

https://www.environment.act.gov.au/ _data/assets/pdf file/0003/1195077/Technical-Report-
Fertility-Control-of-Eastern-Grey-Kangaroos-in-the-ACT-Assessing-Efficacy-of-a-Dart-Delivered-
Immunocontraceptive-Vaccine-March-2018.pdf

Further information about fertility control for macropods can be found in: Wimpenny C, Hinds L.A,
Herbert C.A, Wilson M & Coulson G (2012) Fertility Control for managing macropods — Current
approaches and future prospects. Ecological Management & Restoration 22(S1), 147 — 156.
https://onlinelibrary.wiley.com/doi/10.1111/emr.12461

Template Version 1.2: Objective Ref A30207737 5



Project Plan: Integrating GonaCon into the Eastern Grey Kangaroo Management Program

1.2 Project Objectives

To integrate the use of GonaCon Immunocontraceptive Vaccine into the ACT Kangaroo Management
Program with the aim of reducing kangaroo population growth rates and decreasing the need for culling

at sites where it is used.

1.3 Project Outcomes and Indicators

Outcome

Indicator(s)

Data Source(s)

Collection Method(s)

Female kangaroos treated
with GonaCon become
infertile.

e Consistent with

previous trials, a high
percentage (>80%) of
treated females fail
to reproduce each
year following
treatment with
GonaCon for at least
5 years.

e 6 monthly
observations of
tagged treated
individuals

e Field surveys

Kangaroo populations
treated with GonaCon have
lower rates of annual
growth

e Annual population

growth 2 years
after the
commencement of
GonaCon
treatments is
significantly less
than pre-treatment
values

e Annual population

growth at sites
where GonaCon is
used is significantly
less 2 years after
commencement of
GonaCon
treatments
compared to
population growth
at similar
untreated sites

® long-term

modelled
population growth
rates are
significantly less
when GonaCon is
used compared to
when only culling
or no management
is implemented

®  Annual kangaroo

population
estimates

e Fecundity data

collected from
treated and
untreated sites
during this project

e Population

dynamics
modelling

®  Field surveys

*  Population
modelling

Template Version 1.2: Objective Ref A30207737




Project Plan: Integrating GonaCon into the Eastern Grey Kangaroo Management Program

Kangaroo populations
treated with GonaCon
require less culling from the
second year after initial
GonaCon treatment
onwards.

Number of
kangaroos
recommended for
culling at sites
treated with
GonaCon, from 2
years after
treatment
onwards, is less
than pre-treatment
cull numbers

Number of
kangaroos
recommended for
culling at sites
treated with
GonaCon, from 2
years after
treatment
onwards, is less
than numbers to
cull at similar
untreated sites

Long-term
modelled numbers
to cull are
significantly less
when GonaCon is
used compared to
when only culling
or no management
is implemented

Annual kangaroo
culling advice

Population
dynamics
modelling

Review of existing
and future
management
advice prepared
by Conservation
Research and
Evaluation

Population
modelling

The long-term cost of
managing kangaroos is
reduced at sites where
GonaCon is used

Long-term
modelled costs of
kangaroo
management are
significantly less
when GonaCon is

Annual Kangaroo
Management
Program costs

Budget tracking
for this project

Obtain costs of
culling from
Resilient
Landscapes Team

Collect data on
costs of GonaCon

management program
compared to when only
culling is used.

management are
significantly less
when GonaCon is
used compared to
when only culling is
used

treatment records
for this project

Population
dynamics
modelling

used compared to Population
pared to dynamics deployment
when only culling is . .
modelling Modelling

used
The total number of animals Long-term Kangaroo Obtain cull
impacted by management is modelled number Management numbers from
less when GonaCon is of animals Program records Resilient
included in the impacted by GonaCon Landscapes Team

Collect data on
number of
females treated
with GonaCon

Population
modelling
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ACT Government land e Costs and e  (Collation of data e Collation of data

managers and decision feasibility of from objectives from objectives

makers have sufficient program known, listed above listed above

knowledge around the collated, reported

feasibility and costs and shared

associated with delivery of

GonaCon to free-ranging

kangaroos within Canberra

Nature Park to inform

future kangaroo

management.

The scientific community, e The *  Review of e  Communications

land managers and the communications communications Team to provide

general public have access planis plan review of

to research findings about implemented as e Number of reports communications

the effectiveness of intended and publications plan

GonaCon in reducing e Information about e  Track number and

kangaroo population program is timing of reports

growth rates. disseminated against reporting
internally within milestones listed
ACT Government, in project plan
on the website, in e  Track number of
general media and open access
in peer reviewed publications
scientific journals

14 Scope

Activities in Scope

Activities Out of Scope

Deployment of GonaCon to female Eastern Grey
Kangaroos at suitable CNP reserves.

Eastern Grey Kangaroo culling in CNP reserves —
will likely be required at sites where GonaCon use
is planned but will be funded and resourced from
the general kangaroo management budget.

Research on the efficacy of GonaCon in Red-
necked Wallabies and Swamp Wallabies.

Deployment of GonaCon at sites outside CNP.

Annual population level fecundity assessments at
sites treated with GonaCon and untreated
comparison sites.

6-monthly observations of tagged treated female
kangaroos to assess breeding status.

Annual Eastern Grey Kangaroo population
estimates — will be used in the determination of
numbers to treat with GonaCon and the
evaluation of its effectiveness but will be funded
and resourced from the general kangaroo
management program budget.

Annual Herbage mass monitoring — will be used to
determine target kangaroo densities at sites
where GonaCon is used but will be funded and
resourced from the general kangaroo
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management program budget.

Ongoing monitoring of existing GonaCon research
sites established in 2015/16.

Evaluation of the effectiveness and cost efficiency | Evaluation of the biodiversity benefits of
of including GonaCon in the kangaroo kangaroo management in CNP.

management program.

1.5

1.6

Assumptions

Kangaroo management continues to be supported as a high priority program within EHW.

This project will form part of the broader ACT Government Eastern Grey Kangaroo management
program, which will be undertaken annually.

Adequate budget and resources (including 1 FTE at SPOC level and 0.5 FTE PO2 to coordinate the
program) will be available to undertake this work and will continue after the current 3-year funding
to allow follow-up administration of GonaCon at treatment sites as required into the future.

Four staff from within the Environment, Heritage and Water Division (2 with dart gun experience) will
be available for all fieldwork components of this project.

All key staff required for the delivery of this program remain available in the long-term to contribute
to this project.

The research collaboration with CSIRO will continue while there is a research component to the
rollout of GonaCon. Funding will be provided to CSIRO under a contract arrangement to cover the
contribution of Dr Lyn Hinds to the project.

AVPMA and AQIS will continue to renew the required permits for the research use (until the product
is registered), and import, of GonaCon from USA.

Sufficient GonaCon will be available and shipped under appropriate conditions as required.

Other field equipment and veterinary medications will be available when required.

The effectiveness of GonaCon is consistent with previous studies.

Kangaroo populations remain stable within kangaroo management units, with little immigration or
emigration which would reduce the effectiveness of fertility control as a management approach.

Constraints

e No specific funding was allocated to this project in 2021. Existing staff were pulled off other
projects to advance this work in preparation for further funding anticipated in 2022. Internal
EHW funding was identified to cover this work from Jan-Jun 2022. Budget initiative funding has
been granted for 3 years from July 2022. However, no secure funding has been secured in the
long term.

e GonaCon is not yet registered for use in Australia, so a restricted use permit is required from the
APVMA to use it for research purposes. A permit is currently in place to cover this work (issued
to CSIRO with ACT Government project staff are listed on the permit — this is the only permit for
GonaCon use in Australia), but this permit needs to be regularly renewed. The current permit is
valid until 315t October 2024.

e GonaCon is unlikely to be a feasible option for all sites. Consideration needs to be given to the
sites where GonaCon is deployed.

e Darting of kangaroos can only be undertaken in suitable weather (no/low wind, moderate
temperatures).

e Darting can only be undertaken by trained and licenced staff.

Kangaroos can only be safely darted out to a maximum distance of approximately 35m.

e GonaCon has a 6-month shelf life and is manufactured in the USA, so orders and shipments need
to be timed appropriately in relation to the timing of deployment.

o All use of veterinary drugs must be supervised by the ACT Government Veterinarian.
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1.7

1.8

Eastern Grey Kangaroos breed seasonally in the ACT region, and GonaCon is best applied within
the period of March — July when females have small-medium pouch young and there is sufficient
time for treated individuals to mount an antibody response before the next breeding attempt.
Weather conditions, such as extreme heat or rainfall, can hamper access to reserves and hence
have the potential to impact on operational delivery of this program.

Covid-19 related restrictions on operational capacity within projects may also interfere with
delivery.

Dependencies

This project is dependent on ongoing funding being secured. A new budget bid will be submitted
in 2024 to cover the project after the current funding period is over.

Approval from the University of Canberra Animal Ethics Committee is required for all work
involving animals in this project. Approval was granted in December 2021 and will be renewed
every three years.

A Nature Conservation Act licence is required for the capture of kangaroos by anaesthetic darting
(defined as ‘take’ under the Act) and to cover all field staff not designated as Conservation
Officers under the Act.

Population dynamics modelling for Eastern Grey Kangaroos will be used to determine the
appropriate number of female kangaroos to treat at each site. In 2022, modelling by Jim Hone
(University of Canberra) will be used. A population dynamics model that allows for comparison of
fertility control and culling is currently under development by Steve MclLeod (NSW DPI) and may
be used in future years.

Eastern Grey Kangaroo population estimates and herbage mass assessments are used to
determine annual target densities for sites considered for inclusion in the ACT Government
kangaroo management program. These target densities will feed into the population dynamics
model to inform the number of females to be treated at each site.

Sites selected for GonaCon deployment are likely to also need culling to bring the population
down to the target density. This must be done shortly after or before GonaCon is administered.

If the intention is to permanently mark treated kangaroos (e.g., with ear tags) it is highly
preferrable to undertake culling after GonaCon deployment. Darting after culling is expected to
be more challenging because fewer animals are present for darting and they are likely to be
more wary and harder to approach.

Following the initial GonaCon treatment at a site, annual monitoring of the population level
fecundity (number of young produced) will be undertaken. Assessments will also be made at
untreated sites for comparison. These will be used alongside the population estimates and model
to evaluate the effectiveness of GonaCon at the population level and inform the number of
follow-up GonaCon treatments required at the site in future years.

Links to other project(s)

Project Reference Project Name Group Branch

Evaluating the efficacy | Environment Heritage Conservation Research
of dart delivered and Water and Evaluation
GonaCon in female
Eastern Grey

Kangaroos

Eastern Grey Environment Heritage Conservation Research
Kangaroo population and Water and Evaluation
estimates

Herbage Mass Environment Heritage Conservation Research
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monitoring

and Water

and Evaluation / Offsets
Team

Population dynamics
model for Eastern
Grey Kangaroos

Environment Heritage
and Water

NSW DPI

Conservation Research
and Evaluation/ NSW DPI

ACT Kangaroo
Management Program

Environment Heritage
and Water

Resilient
Landscapes/Parks and

Conservation Service

2. Strategic Alighment

2.1 Organisational strategy

Alignment (select all that are applicable)

Choose item or enter text as applicable

Strategic Objective X | SO2 - Enhance Canberrans quality of life by
conserving and experienceing nature and culture

Wellbeing Domain 1 X | Environment and Climate

Wellbeing Do