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[bookmark: _Toc409798396][bookmark: _Toc286018759][bookmark: _Toc184040074]Summary
[bookmark: _Toc509242196][bookmark: _Toc18664435]Context:
In Victoria, grey kangaroos (both Eastern Grey Kangaroo, Macropus giganteus and Western Grey Kangaroo, M. fuliginosus) are commercially harvested under the Victorian Kangaroo Harvest Management Plan 2024-2028 (KHMP 2024-2028, DEECA 2023) which replaces the earlier 2021-2023 plan (DELWP 2020). The KHMP outlines the standards and rules for the commercial harvesting of kangaroos in Victoria and considers relevant State and Commonwealth legislation, which dictates that commercial harvesting of wild kangaroos must be sustainable and humane. The KHMP also provides for the commercial harvest of grey kangaroos in designated harvest zones.
The KHMP is implemented through the Kangaroo Harvesting Program (KHP), which allows for the ecologically sustainable and humane commercial harvesting of wild grey kangaroo populations in the state. To ensure the ecological sustainability of the program, there is a need to regularly set harvest quotas for the KHP. The harvest quotas consider both kangaroos harvested commercially under the KHP, and the predicted number of grey kangaroos permitted to be controlled within each harvest zone through the Authority to Control Wildlife (ATCW) permit system under the Wildlife Act 1975. This ensures that the total take does not exceed the ecologically sustainable criteria recommended in Scroggie and Ramsey (2020).  
[bookmark: _Toc509242197][bookmark: _Toc18664436]Aims:  
The aim of this project was to use updated abundance estimates for each grey kangaroo species derived from the 2024 aerial survey program to determine the recommended maximum total take (i.e. total quota) of Eastern and Western Grey Kangaroos for the 2025 calendar year, and to apportion the allowable total quota between the commercial KHP program and the predicted numbers of ATCW permits. 
[bookmark: _Toc509242198][bookmark: _Toc18664437]Methods:  
Aerial surveys of the non-forested parts of Victoria were undertaken during September 2024. These surveys were supplemented with simultaneous ground surveys of the area occupied by both grey kangaroo species in order to estimate the proportions of Eastern and Western Grey Kangaroos in each harvest zone. In combination, these two datasets allowed for statistical estimation of the number of kangaroos present within each of the five harvest zones. The number and boundaries of the harvest zones changed with the initiation of the new KHMP to improve administration of the KHP, and to exclude a further ten municipalities on the urban fringe of Melbourne from commercial harvesting (Figure S1). The total quota (ATCW and KHP combined) was specified as 10% of the estimated abundance within each harvest zone, with separate quotas being calculated for Eastern and Western Grey Kangaroos. The number of each species that would be culled in each zone during 2025 under an ATCW permit was forecast from historical ATCW permit data using time-series modelling, with the remainder of the total allowable 10% take being allocated to the KHP. 
[image: Map showing harvest zones from 2025-2028]
Figure S1. New kangaroo harvest zones for Victoria from 2025. 
The new zoning that applies from 2025 under the KHMP 2024-2028. Note the presence of an exclusion zone including an additional ten local government areas (LGAs) on the periphery of Melbourne where no commercial harvesting will be permitted from 2025 onwards. ATCW control is still permitted in the exclusion zone. 

[bookmark: _Toc509242199][bookmark: _Toc18664438]Results:   
The total abundance of grey kangaroos across the area covered by the five harvest zones was estimated at 2.078 million, comprising 211,000 Western Greys, and 1.87 million Eastern Greys. Based on the recommended total take of 10%, the total quota for 2025 across the five harvest zones was set at 21,100 Western Greys and 186,700 Eastern Greys (a total of 207,800 grey kangaroos). The total number of grey kangaroos forecast to be controlled under the ATCW permit system across the five harvest zones for the 2025 calendar year was 84,550 Eastern Greys and 7,650 Western Greys (totalling 90,200), comprising approximately 44% and 36% respectively of the total recommended culling quotas. After subtracting the number forecast to be taken under ATCW provisions, the 2025 commercial quota allocation of grey kangaroos is 117,600, including 104,150 Eastern Greys and 13,450 Western Greys.  
[bookmark: _Toc509242200][bookmark: _Toc18664439]Conclusions and implications:  
The abundance of grey kangaroos within the survey area (the non-forested parts of Victoria) has remained relatively stable since the last survey in 2022. At that time, the total reported abundance was 2.36 million grey kangaroos, and the 2024 survey has led to a very similar total abundance estimate of 2.30 million. This change in abundance is considered negligible relative to the total size of the population and is within the margin of error of the respective statistical approaches. It should be noted that the 2024 estimate included 228,000 Eastern Greys in the ten local government areas (LGAs) which, as of 2024, are no longer included in the harvest zones, and are therefore not included in the quota calculation, but were included in the above estimate of total abundance. The total number of grey kangaroos predicted to be taken in 2025 under the ATCW provisions is 90,200. If the forecast proves accurate, this will result in approximately 43% of the recommended total take within the harvest zones being taken under ATCW permits, with the remainder allocated to the KHP.
Under scenarios where the ATCW forecast proves accurate, or where the ATCW forecast is surpassed by either 10 or 20%, there is still scope for all zones to allocate some quota to the KHP. Totals quotas, and allocations to ATCW and KHP under each of these three scenarios, are given in Tables S1-S3 below.
[bookmark: _Toc409798398]Recommendations
We recommend a total quota of 186,700 Eastern Grey Kangaroos and 21,100 Western Grey Kangaroos for the area covered by the five harvest zones for the KHP and ATCW processes combined. The recommended apportionment of these total quotas between harvest zones and the two grey kangaroo Species is specified in Table S1 below. 
We recommend that the issuing of ATCW permits for each zone be monitored throughout the year so that commercial quotas can be adjusted if take through ATCW permits is higher than predicted. This will help to ensure, as much as possible, that take via the KHP does not contribute to the 10% recommended total take being exceeded for any one zone or species. 
Alternative quota scenarios are provided (Tables S2 and S3), illustrating the effect of small to moderate exceedances of the ATCW forecast on commercial quotas. We recommend that these be used as guidance by decision-makers in determining the final commercial quotas. 
The 10 and 20% ATCW exceedance scenarios given below in Tables S2 and S3 may form a good position for initial quota-setting and provide insurance against ATCWs exceeding the forecasts. 

Table S1. Total recommended take of grey kangaroos (10% of the estimated total abundance), and the number forecast to be taken under ATCW provisions. ATCW %: ATCW take as a percentage of the allowable total, EGK: Eastern Grey Kangaroo, WGK: Western Grey Kangaroo. Numbers of kangaroos are rounded to the nearest 50.
	Zone 
	Species
	Total Quota
	Forecast ATCW
	KHP
	ATCW %

	Barwon South-West
	EGK
	24,900
	14,700
	10,200
	59.0

	
	WGK
	1,200
	550
	650
	45.8

	Grampians
	EGK
	27,300
	13,450
	13,850
	49.3

	
	WGK
	11,200
	900
	10,300
	8.0

	Loddon Mallee
	EGK
	40,800
	14,650
	26,150
	35.9

	
	WGK
	8,700
	6,200
	2,500
	71.3

	Hume
	EGK
	77,100
	35,450
	41,650
	46.0

	
	WGK
	-
	-
	-
	-

	Gippsland
	EGK
	16,600
	4,300
	12,300
	25.9

	
	WGK
	-
	-
	-
	-

	TOTAL
	EGK
	186,700
	82,550
	104,150
	44.2

	
	WGK
	21,100
	7,650
	13,450
	36.2





Table S2. Alternative scenario for recommended take of grey kangaroos (10% of total abundance), in which the actual numbers controlled through ATCW permits exceed the forecast by 10%. ATCW %: ATCW take as a percentage of the allowable total, EGK: Eastern Grey Kangaroo, WGK: Western Grey Kangaroo. Numbers of kangaroos are rounded to the nearest 50.
	Zone 
	Species
	Total Quota
	Forecast ATCW +10%
	KHP
	ATCW %

	Barwon South-West
	EGK
	24,900
	16,150
	8,750
	64.9

	
	WGK
	1,200
	600
	600
	50.0

	Grampians
	EGK
	27,300
	14,800
	12,500
	54.2

	
	WGK
	11,200
	1,000
	10,200
	8.9

	Loddon Mallee
	EGK
	40,800
	16,100
	24,700
	39.5

	
	WGK
	8,700
	6,800
	1,900
	78.2

	Hume
	EGK
	77,100
	39,000
	38,100
	50.7

	
	WGK
	-
	-
	-
	-

	Gippsland
	EGK
	16,600
	4,700
	11,900
	28.3

	
	WGK
	-
	-
	-
	-

	TOTAL
	EGK
	186,700
	90,750
	95,950
	48.6

	
	WGK
	21,100
	8,400
	12,700
	39.8



Table S3. Alternative scenario for recommended take of grey kangaroos (10% of total abundance), in which the actual numbers controlled through ATCW permits exceed the forecast by 20%. ATCW %: ATCW take as a percentage of the allowable total, EGK: Eastern Grey Kangaroo, WGK: Western Grey Kangaroo. Numbers of kangaroos are rounded to the nearest 50.
	Zone 
	Species
	Total Quota
	Forecast ATCW + 20%
	KHP
	ATCW %

	Barwon South-West
	EGK
	24,900
	17,650
	7,250
	70.9

	
	WGK
	1,200
	650
	550
	54.2

	Grampians
	EGK
	27,300
	16,150
	11,150
	59.2

	
	WGK
	11,200
	1,050
	10,150
	9.4

	Loddon Mallee
	EGK
	40,800
	17,550
	23,250
	43.0

	
	WGK
	8,700
	7,450
	1,250
	85.6

	Hume
	EGK
	77,100
	42,550
	34,550
	55.3

	
	WGK
	             -
	-
	-
	-

	Gippsland
	EGK
	16,600
	5,150
	11,450
	31.0

	
	WGK
	-
	-
	-
	-

	TOTAL
	EGK
	186,700
	99,050
	87,650
	53.0

	
	WGK
	21,100
	9,150
	11,950
	43.4



[bookmark: _Toc18664440][bookmark: _Toc286018760][bookmark: _Toc409798397][bookmark: _Toc184040075]
Introduction
In Victoria, grey kangaroos (both Eastern Grey Kangaroo, Macropus giganteus and Western Grey Kangaroo, M. fuliginosus) are commercially harvested under the Victorian Kangaroo Harvest Management Plan 2024-2028 (KHMP 2024-2028, DEECA 2023) which replaces the earlier 2021-2023 plan (DELWP 2020). The KHMP outlines the standards and rules for the commercial harvesting of kangaroos in Victoria and considers relevant State and Commonwealth legislation, which dictates that commercial harvesting of wild kangaroos must be sustainable and humane.
[bookmark: _Hlk184067299]Commercial harvesting of kangaroos in Victoria commenced in 2019 with the current regulatory guidelines outlined in the Victorian Kangaroo Harvest Management Plan 2024-2028 (KHMP 2024-2028, DEECA 2023). From 2025 onwards, the KHMP introduces a number of changes that underpin the Kangaroo Harvesting Program (KHP). In particular, the original seven harvest zones utilised in the 2024 and earlier iteration of the KHP (KHMP 2021-2023) are replaced by five new zones, with different boundaries. In addition, commercial harvesting is now excluded from a further ten municipalities on the outskirts of metropolitan Melbourne. One change of significance is a move towards setting separate harvest quotas for Eastern Grey Kangaroos (Macropus giganteus, or ‘Eastern Greys’) and Western Grey Kangaroos (Macropus fuliginosus, or ‘Western Greys’), to further ensure the ecologically sustainable management of populations. Full details of these changes can be found in the KHMP 2024-2028 (DEECA 2023), and will be highlighted where relevant in this report. 
As with the previous plan, the new plan articulates an intention to undertake ecologically sustainable management of grey kangaroo populations in Victoria. As lethal control is widely used to manage the ecological and economic impacts of kangaroos, an overarching goal of the plan is to ensure harvesting is ecologically sustainable, and this is managed by setting the recommended maximum total take at 10% the total population abundance. There are two legal mechanisms that allow lethal control of kangaroos in Victoria. Firstly, the Authority to Control Wildlife (ATCW) provisions under the Wildlife Act 1975 (Victoria) allow landholders to undertake legal culling of kangaroos on their land under a permit from DEECA’s Conservation Regulator. Secondly, commercial harvesting of Eastern and Western Grey Kangaroos is permitted under a quota system (the KHP). These two mechanisms for permitting lethal control require coordinated management to ensure that the total harvest pressure is sustainable. The intention of the KHMP is that the total cull from both sources should not exceed the recommended maximum total take, with the available administrative and regulatory controls ensuring that populations are not over-harvested. 
Scroggie and Ramsey (2019) developed a system for setting quotas based on a policy of the maximum proportion harvested in a given calendar year not exceeding 10% of the total population abundance. The total recommended take (10%) is divided between harvest zones (formerly seven, now five) and between the two grey kangaroo species in proportion to their total population sizes. Because the total number of kangaroos of a given species culled in each zone includes those taken under both ATCW and KHP processes, the regulatory framework includes mechanisms for apportioning the total take between these two systems. 
The ‘10%’ approach to quota-setting leads naturally to a decrease or increase in the number harvested as the population decreases or increases. In that sense, the approach is inherently conservative and will tend to reduce harvest pressure under conditions where kangaroo populations are in decline. The approach can also be considered conservative because of the 10% maximum harvest proportion that has been chosen for the harvest policy. Other Australian jurisdictions have long permitted harvesting of wild macropod populations at rates of up to 15% (Hacker et al. 2004; McLeod et al. 2004; Jonzén et al. 2010), mostly in more arid and variable climates than prevail in much of Victoria. There is little evidence of negative impacts on the long-term abundances of macropods in these interstate populations. For this reason alone, the sustainability of a 10% rate of harvest in Victoria seems well-supported. The sustainability of the 10% recommended maximum is also supported by population modelling undertaken by Scroggie and Ramsey (2020), which found that harvesting at this rate was unlikely to significantly affect the extinction risk of Victorian grey kangaroo populations. 
This report presents an analysis to help decision-makers to set the commercial harvest quotas for Eastern and Western Grey Kangaroos in Victoria for the 2025 calendar year. We present a brief summary of the results of a new aerial survey of the Victorian grey kangaroo population, which allows updating of previous estimates of abundance for the state, and for the individual harvest zones. Detailed results of the aerial survey will be presented in a separate, more detailed report (Scroggie and Moloney in prep.). Historical ATCW data was collated to forecast the number of ATCW permits expected to be issued during 2025 for each harvest zone and species. In combination, these two data sources (kangaroo abundance surveys, and forecast of numbers of ATCW permits) allowed us to estimate the recommended total take of kangaroos for each zone/species, and to apportion these recommended totals between the ATCW and KHP processes. In doing so, recommended harvest quotas for each zone for the two grey kangaroo species are obtained and can be used by decision-makers in setting the final commercial quota figures. 


[bookmark: _Toc286018763][bookmark: _Toc184040076]
Methods
[bookmark: _Toc184040077]Kangaroo abundance estimates for 2024
In previous years of the KHP, quota setting has been supported by a combination of aerial surveys and simultaneous ground surveys, to assist with apportionment of the total grey kangaroo population between Eastern and Western Grey components (Moloney et al. 2017; Moloney et al. 2018; Moloney et al. 2021; Moloney et al. 2023). These surveys have been used to estimate abundances of Eastern Grey, Western Grey and Red Kangaroos across the entire state, with the exception of highly urbanised areas, and areas vegetated with thicker forests. Full details of those previous surveys are given in the papers cited above. 
The analysis methodology used during these earlier surveys involved simple design-based estimation, where a sample of randomly placed aerial transects within each harvest zone yielded a sample of estimates of transect-level kangaroo densities. These sample densities were then averaged over the entire zone to estimate the density and abundance of kangaroos. Apportionment between Eastern and Western Greys was on the basis of a spatial model of the geographical distributions of these two species. 
Subsequently, further research has allowed for the development of a revised method of population estimation that uses model-based distance sampling (Buckland et al. 2016) from the aerial transect data (Scroggie et al. in press). This approach fits a model which relates the transect-level abundances to a range of habitat covariates to allow for prediction of kangaroo abundance across a fine-grained grid of locations across the state. This more sophisticated analysis methodology has the advantage that estimation of abundance is possible for any defined area of habitat in Victoria, and is of particular utility given the changes made to the harvest zones from 2025 (Figure S1) in the KHMP 2024-2028 (DEECA 2023). This is because it allows for data collected according to the existing survey design to provide valid estimates of abundance for the new harvest zones without any need to alter the design. 
Apportionment of the total grey kangaroo population estimate between Eastern and Western Greys is conducted based on a spatial model fitted to simultaneously collected ground survey data for these two species, supplemented with recent data from government wildlife atlas databases (Victorian Biodiversity Atlas and Atlas of Living Australia). In this report we rely on model-based estimates of total abundance for Eastern and Western Grey Kangaroos to infer the current population status of the two species within the five new harvest zones, and to provide a basis for setting ecologically sustainable quotas. Full details of the survey and analysis that yielded these population estimates will be provided in a separate report (Scroggie and Moloney in prep). 
[bookmark: _Toc184040078]Total recommended maximum take of grey kangaroos for 2025
[bookmark: _Toc409798403]Abundance estimates for the two grey kangaroo species for each of the five new harvest zones derived from the 2024 aerial survey were used to set the total recommended take for the forthcoming 2025 calendar year, based on the principle of the maximum total take being limited to 10% of the estimated abundance. Separate total quotas were calculated for Eastern Grey Kangaroos (EGK) and Westen Grey Kangaroos (WGK) for each of the five harvest zones. For the newly developed exclusion zone comprising municipalities on the urban fringe of Melbourne (see Figure S1), harvesting under the KHP is not permitted. 
[bookmark: _Toc184040079]Forecasting numbers of kangaroos to be taken under ATCW permits during 2025
It is not possible to know in advance exactly how many ATCW permits to control grey kangaroos of either species may be granted for a given harvest zone in a forthcoming year, as this is subject to demand for permits from landholders, which is known to vary significantly over time. As in previous quota-setting work, we have adopted the approach of forecasting the likely number of ATCW permits to be granted for the two species of grey kangaroos during the calendar year 2025 based on time-series modelling of historical ATCW permit numbers. Historical ATCW data was available for each KHP harvest zone for the years 2019-2024, and ATCW data for 2024 was limited to the first 9 months of the calendar year. The likely numbers for the remaining three months of 2024 were imputed and then used in the time-series models.
The time series for each species/zone was modelled using two distinct time-series models. Firstly, an exponential smoothing state space (ETS) model (Holt 2004), and secondly an autoregressive integrated moving average (ARIMA) model (Hyndman and Athanasopoulos 2004). These are both widely used time-series models which have proven to be suitable for short-range forecasting in a variety of contexts. ETS models are based on exponential weights, which leads to greater weight being placed on more recent data in deriving the forecasts. ARIMA models are more flexible and produce forecasts by combining the influence of autoregressive and moving average components in the data. We compared the predictive performance of the two models for each time series based on the mean absolute scaled error (MASE) and selected the best model for each zone/species time-series to produce forecasts of the ATCW numbers for the 2025 calendar year. 
To allow decision-makers to consider the risks of actual ATCW numbers exceeding the forecasts for any given zone/species, we also calculated quotas under scenarios where actual ATCW numbers prove to be either 10% or 20% higher than forecast (see Results, Tables 6 and 7). These figures can be considered alternative scenarios for consideration by policymakers when setting the final harvest quotas. Allocation of higher-than-forecast numbers to the ATCW component of the quota involves subsequently reducing the maximum KHP component of the quota if the overall total take of 10% is not to be exceeded.  
[bookmark: _Toc184040080]KHP harvest quotas for 2025
With the forecasts of numbers authorised for control under ATCW for each zone/species in hand, and the total recommended take derived as 10% of estimated total abundance, the recommended commercial quota for each species/zone combination is simply calculated as:

Commercial Quota (KHP) = Total recommended take – ATCW prediction



[bookmark: _Toc184040081]Results
[bookmark: _Toc184040082]Total recommended take for grey kangaroos for 2025
Model-based abundance estimates derived from the 2024 aerial and ground surveys are given in Table 1. To allow for comparison with total population estimates made in previous years the estimates include the ten local government areas (LGAs) which were included in the KHP in previous years, but which will be excluded from the 2025 quota. Separate estimates are derived for each species and each harvest zone.  Across the entire area surveyed, the estimated total abundance for both grey kangaroo species combined was 2.31 million (95% CI 1.95 – 2.79 million). This represents a very slight (~ 3%) decline in comparison to the results of the 2022 survey, when a total grey kangaroo abundance of 2.36 million was estimated (Moloney et al. 2023). The difference in total estimated abundances is well within the margin of error for analytical approaches used. Considering the grey kangaroo species separately, our findings indicate that both have undergone changes of similarly small magnitude, with Eastern Greys declining from 2.15 to 2.09 million (~ 3%) and Western Greys declining from 218 to 212 thousand (~ 3 %) (Moloney et al. 2023). 
It should be noted that the 2022 population estimates were based on the previous design-based approach to analysis (density averaging across each zone). While design- and model-based approaches to abundance estimation should yield generally similar results (Scroggie et al. in press), it is possible that part of the difference between the 2022 and 2024 population estimates may be attributable to differing analytical methodologies. The implications of the change from design-based to model-based inference are discussed more fully in Scroggie et al. (in press), and in an accompanying report, where we present the full results of the analysis of the 2024 kangaroo surveys (Scroggie and Moloney in prep). 
Table 1. Estimated abundances of grey kangaroos for the five harvest zones, and LGAs which are now included in the harvest exclusion zone that surrounds the Melbourne metropolitan area. Totals are computed for the full survey area (including the now excluded LGAs) and for the area covered by the five harvest zones only.  
Abundances were estimated from aerial surveys undertaken in 2024, with ground surveys used to apportion the abundance estimates between Eastern and Western Greys.  SE: standard error, LCL and UCL: lower and upper 95% confidence limits of the estimates, respectively. Estimates are rounded to the nearest 1,000 kangaroos. No estimate for WGK is provided for zones where Western Greys are absent (Gippsland, Hume, Exclusion Zone). 
	Zone 
	Species
	Estimate
	SE
	LCL
	UCL

	Barwon South-West
	EGK
	249,000
	43,423
	180,000
	337,000

	
	WGK
	12,000
	3,189
	7,000
	19,000

	Grampians
	EGK
	273,000
	41,936
	204,000
	366,000

	
	WGK
	112,000
	22,983
	75,000
	164,000

	Loddon Mallee
	EGK
	408,000
	75,486
	286,000
	572,000

	
	WGK
	87,000
	16,186
	59,000
	123,000

	Hume
	EGK
	771,000
	104,702
	583,000
	993,000

	
	WGK
	-
	-
	-
	-

	Gippsland
	EGK
	166,000
	29,300
	116,000
	226,000

	
	WGK
	-
	-
	-
	-

	TOTAL (less exclusion zone)
	EGK
	1,866,000
	168,853
	1,568,000
	2,222,000

	
	WGK
	212,000
	32,514
	156,000
	281,000

	Ten LGAs now part of the Exclusion Zone
	EGK
	228,000
	69,188
	135,000
	393,000

	
	WGK
	-
	-
	-
	-

	TOTAL (entire survey area which includes ten LGAs no longer part of the KHP)
	EGK
	2,094,000
	199,547
	1,758,000
	2,545,000

	
	WGK
	212,000
	32,514
	156,000
	281,000


[bookmark: _Ref284455958][bookmark: _Ref284427781]
Based on the population estimates provided in Table 1, we calculated the recommended maximum total take (ATCW+KHP) for each species/harvest zone combination (Table 2). These are simply calculated as 10% of the total estimated abundance. No recommended total take for Western Greys was calculated for the Hume, Gippsland and Exclusion Zone areas, as Western Grey Kangaroos are entirely absent from these areas. For completeness, we also computed the recommended maximum take for the exclusion zone, although commercial harvesting is not permitted in this area. 
Table 2. Recommended maximum total take of grey kangaroos for 2025. Totals include all predicted take under both ATCW and the Kangaroo Harvesting Program (KHP) allocations for the period 1 January – 31 December 2025. Recommended maximum total takes are set at 10% of the population per year and are rounded to the nearest 50.
	Zone 
	Eastern Grey Kangaroo
	Western Grey Kangaroo
	Grey Kangaroos Combined

	Barwon South-West
	24,900
	1,200
	26,100

	Grampians
	27,300
	11,200
	38,500

	Loddon Mallee
	40,800
	8,700
	49,500

	Hume
	77,100
	-
	77,100

	Gippsland
	16,600
	-
	16,600

	TOTAL
	186,700
	21,100
	207,800

	Ten LGAs now part of the Exclusion Zone
	22,800
	-
	22,800

	TOTAL (entire survey area which includes ten LGAs no longer part of the KHP)
	209,500
	21,100
	230,600



[bookmark: _Toc184040083]Forecast numbers of grey kangaroos predicted to be taken under ATCW permits during 2025
The ETS and ARIMA time-series models were fitted to historic (2019-2025) ATCW permit data for the two grey kangaroo species from each of the harvest zones as described in the methods. Selection between the two models for each time-series was on the basis of mean absolute scaled error (MASE), with the better (lower) MASE score indicating the preferred model in each case (Table 3). 
The forecast ATCW values are illustrated alongside the historic data in Figures 1 and 2, which cover Eastern Greys and Western Greys respectively. The 2025 forecasts themselves (along with 95% confidence intervals) are tabulated in Table 4.


Table 3. Predictive accuracy, expressed as the mean absolute scaled error (MASE), for two models (ETS and ARIMA) fitted to the time series of ATCW permit numbers for the years 2019 - 2024. Lower values (boldface) indicate the models with the best predictive accuracy for each species/zone.
	Zone 
	Species
	ETS
	ARIMA

	Barwon South-West
	EGK
	0.883
	0.976

	
	WGK
	0.559
	1.072

	Grampians
	EGK
	0.985
	0.963

	
	WGK
	0.544
	0.760

	Loddon Mallee
	EGK
	0.916
	0.914

	
	WGK
	0.912
	0.790

	Hume
	EGK
	0.935
	0.935

	
	WGK
	-
	-

	Gippsland
	EGK
	0.914
	0.910

	
	WGK
	-
	-

	Ten LGAs now part of the Exclusion Zone
	EGK
	0.921
	0.897

	
	WGK
	-
	-




Table 4. Forecast ATCW permit numbers for 2025 for each harvest zone and species. For completeness we have also forecast ATCW numbers for the newly excluded LGAs. Numbers are rounded to the nearest 50 kangaroos. LCL: lower 95% confidence limit, UCL: upper 95% confidence limit. 
	Zone 
	Species
	Forecast ATCW
	LCL
	UCL

	Barwon South-West
	EGK
	14,700
	8,300
	21,500

	
	WGK
	550
	350
	900

	Grampians
	EGK
	13,450
	8,300
	26,350

	
	WGK
	900
	300
	1,300

	Loddon Mallee
	EGK
	14,650
	11,000
	19,800

	
	WGK
	6,200
	950
	13,350

	Hume
	EGK
	35,450
	21,100
	61,800

	
	WGK
	-
	-
	

	Gippsland
	EGK
	4,300
	2,550
	6,950

	
	WGK
	-
	-
	-

	Ten LGAs now part of the Exclusion Zone
	EGK
	2,300
	1,200
	3,650

	
	WGK
	-
	-
	-
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Figure 1. Time series of Eastern Grey Kangaroos controlled under ATCW permits for each harvest zone from 2019 to 2024. The ATCW numbers presented for 2025 (estimate ± 90% confidence interval) were predicted by the ARIMA model (red circle and shading) and the ETS model (blue circle and shading). 
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Figure 2. Time series of Western Grey Kangaroos controlled under ATCW permits for each harvest zone from 2019 to 2024. The ATCW numbers presented for 2025 (estimate ± 90% confidence interval) were predicted by the ARIMA model (red circle and shading) and the ETS model (blue circle and shading). 
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Commercial harvest quotas for 2025
[bookmark: _Ref369778966][bookmark: _Toc409798415][bookmark: _Toc286018768]Commercial harvest quotas were calculated from the recommended total take (Table 2) and the forecast ATCW estimates (Table 4). After deducting the forecast ATCW totals from the maximum recommended total take, the remaining number of kangaroos was allocated to the KHP (Table 5). Alternative scenarios where the ATCW numbers exceeded the forecasts by 10 or 20% are also provided to allow decision-makers to consider the consequences of higher than expected ATCW uptake. Decisions to set the commercial quota on the basis of ATCW forecast will not affect the recommended total take, as any increases in ATCW are compensated for by reduced KHP allocations. 
The proportion of the total recommended take attributed to ATCW varied between 8% for Western Greys in the Grampians zone, and 71% for Western Greys in the Loddon Mallee Zone. Overall, we anticipated that 40% of the recommended total take for Eastern Greys and 36.2% of the recommended total take for Western Greys would be in the form of ATCW. 
The total quota for both species combined was 230,600 kangaroos, comprising 209,500 Eastern Greys and 21,100 Western Greys. Once forecast ATCW had been accounted for each combination of zone and species, there remained sufficient total quota available to allocate some to the KHP. 
Table 5. Total recommended take of grey kangaroos (10 % of total abundance) and the forecast number of ATCW permits. ATCW %: ATCW take as a percentage of the allowable total. Numbers of kangaroos are rounded to the nearest 50.
	Zone 
	Species
	Allowable Total take
	Forecast ATCW
	KHP
	ATCW %

	Barwon South-West
	EGK
	24,900
	14,700
	10,200
	59.0

	
	WGK
	1,200
	550
	650
	45.8

	Grampians
	EGK
	27,300
	13,450
	13,850
	49.3

	
	WGK
	11,200
	900
	10,300
	8.0

	Loddon Mallee
	EGK
	40,800
	14,650
	26,150
	35.9

	
	WGK
	8,700
	6,200
	2,500
	71.3

	Hume
	EGK
	77,100
	35,450
	41,650
	46.0

	
	WGK
	-
	-
	-
	-

	Gippsland
	EGK
	16,600
	4,300
	12,300
	25.9

	
	WGK
	-
	-
	-
	-

	TOTAL
	EGK
	186,700
	82,550
	104,150
	44.2

	
	WGK
	21,100
	7,650
	13,450
	36.2

	Ten LGAs now part of the Exclusion Zone
	EGK
	22,800
	2,300
	0*
	10.1

	
	WGK
	-
	-
	-
	-

	TOTAL (entire survey area which includes ten LGAs no longer part of the KHP)
	EGK
	209,500
	84,850
	104,150
	40.5

	
	WGK
	21,100
	7,650
	13,450
	36.2


*Commercial harvesting not permitted within the exclusion zone

Two alternative quota scenarios were considered in which the ATCW totals exceeded the forecast values by either 10 or 20 % for each zone and species. These are presented in Tables 6 and 7. These alternative scenarios are intended to help decision-makers to consider the implications for the harvesting program of possible exceedances of forecast ATCW totals. If exceedances are expected in a certain zone, then managers may elect to pre-emptively limit the commercial quota and stage the release of this to harvest operators throughout the course of the year to ensure that the total harvest for a given zone and species does not exceed the total allowable take. Calculation of additional alternative scenarios with higher or lower ATCW forecasts are straightforward to calculate using simple arithmetic, meaning that managers can refine their strategy for allocating commercial quotas in light of available ATCW data and any other information that may allow prediction of the ultimate total number of ATCW permits that end up being issued for any given species or zone. 
Table 6. Alternative scenario for recommended take of grey kangaroos (10 % of total abundance) if the actual numbers controlled through ATCW permits exceed the forecast by 10 %. ATCW %: ATCW take as a percentage of the allowable total. Numbers of kangaroos are rounded to the nearest 50.
	Zone 
	Species
	Allowable total take
	Forecast ATCW +10 %
	KHP
	ATCW %

	Barwon South-West
	EGK
	24,900
	16,150
	8,750
	64.9

	
	WGK
	1,200
	600
	600
	50.0

	Grampians
	EGK
	27,300
	14,800
	12,500
	54.2

	
	WGK
	11,200
	1,000
	10,200
	8.9

	Loddon Mallee
	EGK
	40,800
	16,100
	24,700
	39.5

	
	WGK
	8,700
	6,800
	1,900
	78.2

	Hume
	EGK
	77,100
	39,000
	38,100
	50.7

	
	WGK
	-
	-
	-
	-

	Gippsland
	EGK
	16,600
	4,700
	11,900
	28.3

	
	WGK
	-
	-
	-
	-

	TOTAL
	EGK
	186,700
	90,750
	95,950
	48.6

	
	WGK
	21,100
	8,400
	12,700
	39.8

	Ten LGAs now part of the Exclusion Zone
	EGK
	22,800
	2,500
	0*
	11.0

	
	WGK
	-
	-
	-
	-

	TOTAL (entire survey area which includes ten LGAs no longer part of the KHP)
	EGK
	209,500
	93,250
	95,950
	44.5

	
	WGK
	21,100
	8,400
	12,700
	39.8


 *Commercial harvesting not permitted within the exclusion zone


Table 7. Alternative scenario for recommended take of grey kangaroos (10% of total abundance) if the actual numbers controlled through ATCW permits exceed the forecast by 20 %. ATCW %: ATCW take as a percentage of the allowable total. Numbers of kangaroos are rounded to the nearest 50.
	Zone 
	Species
	Allowable total take
	Forecast ATCW + 20 %
	KHP
	ATCW %

	Barwon South-West
	EGK
	24,900
	17,650
	7,250
	70.9

	
	WGK
	1,200
	650
	550
	54.2

	Grampians
	EGK
	27,300
	16,150
	11,150
	59.2

	
	WGK
	11,200
	1,050
	10,150
	9.4

	Loddon Mallee
	EGK
	40,800
	17,550
	23,250
	43.0

	
	WGK
	8,700
	7,450
	1,250
	85.6

	Hume
	EGK
	77,100
	42,550
	34,550
	55.3

	
	WGK
	             -
	-
	-
	-

	Gippsland
	EGK
	16,600
	5,150
	11,450
	31.0

	
	WGK
	-
	-
	-
	-

	TOTAL
	EGK
	186,700
	99,050
	87,650
	53.0

	
	WGK
	21,100
	9,150
	11,950
	43.4

	Ten LGAs now part of the Exclusion Zone
	EGK
	22,800
	2,750
	0*
	12.1

	
	WGK
	-
	-
	-
	-

	TOTAL (entire survey area which includes ten LGAs no longer part of the KHP)
	EGK
	209,500
	101,800
	87,550
	53.0

	
	WGK
	21,100
	9,150
	11,950
	43.4


*Commercial harvesting not permitted within the exclusion zone.
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Conclusions
The 2024 aerial survey showed only a very slight decline in overall abundance of grey kangaroos (~3% for both species) in comparison to the 2022 survey, which is a statistically insignificant change that is well within margin of error of the survey methodology. Spatial patterns and temporal trends in abundance of Eastern and Western Grey Kangaroos across the state will be more thoroughly assessed in the associated report (Scroggie and Moloney in prep.) which fully details the results of the 2024 aerial survey and the analyses that were used to derive the abundance estimates used for quota-setting in this report. 
It is important to note that this report is written to support quota decision-making following two major changes to the Kangaroo Harvesting Program in Victoria. Firstly, the zoning system has changed to include five zones only, as opposed to the seven zones used in previous years. This means that comparison of abundance and quota figures between this report and previous reports is not straightforward. Furthermore, the method used to estimate abundance has changed from the earlier design-based approach to a model-based approach, based on recent research that demonstrate several advantages of the latter (Scroggie et al. in press), including improved precision of abundance estimation and the ability to infer abundances for arbitrarily defined geographic areas within the study area. This latter feature of the new analysis method is of particular utility to this report, where the boundaries of the harvest zones have changed from previous years. A full explanation and exploration of the advantages of the model-based approach is presented in an accompanying report (Scroggie and Moloney in prep.), with only brief summary results presented here to support the quota-setting process. 
Forecast total demand for ATCW permits across the survey area amounted to a total of 84,850 Eastern Grey Kangaroos and 7,650 Western Grey Kangaroos. If these forecasts prove correct, they will overall comprise 44 and 36% respectively of the maximum allowable quotas for the two species, with the remaining quota being potentially available for allocation to commercial harvesters under the KHP. At the individual zone level, the forecast ATCW values for every species/zone were in every case less than the total quota, meaning that the commercial quota is at least potentially available to be allocated to the KHP in all five harvest zones. 
As well as providing quota scenarios here based on forecast ATCW figures, we have also provided two alternative quota scenarios in which the ATCW numbers prove to be either 10 or 20% higher than predicted. Under such scenarios, a greater proportion of the total quota is accounted for by ATCW, meaning that less quota can be allocated to the KHP process. We anticipate that these scenarios will prove useful to decision-makers in determining the final commercial quotas under circumstances where exceedance of the forecast ATCW total in one or more zones is judged to be a risk that they wish to hedge against. Progressive checking of ATCW allocations throughout the calendar year will allow periodic adjustment of the KHP quota to minimise the chances of the total harvest exceeding the recommended ecologically sustainable criterion of 10% of total abundance.  
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