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SUMMARY  
 
New South Wales Department of Environment and Climate Change (DECC) and its 
predecessor agencies have been researching, monitoring and managing kangaroos 
under the “NSW Kangaroo Management Program” (KMP) since the 1970s.  Over this 
period improvements have been made to the design of surveys to estimate kangaroo 
population size, based on the best available science.   
 
Reliable population estimates are fundamental to ensuring the sustainability of the 
commercial harvest and are used to set the annual harvest quotas.  
 
In accordance with the NSW Commercial Kangaroo Harvest Management Plan 
2007-2011 (the Plan), population surveys are conducted annually over the Western 
Plains and on a three-yearly basis for tablelands areas.  Regular, broad-scale 
population estimates are only conducted in commercial harvest areas. 
 
This report details the current survey methodology for estimating kangaroo 
population size across the Western Plains of NSW, the Northern Tablelands and 
South East NSW.  It does not provide the results of surveys.  Separate detailed 
reports are compiled after each helicopter survey, and are made available to the 
public on the Kangaroo Management Program web page:  
www.nationalparks.nsw.gov.au/npws.nsf/Content/Kangaroo+management+program
The results of each annual survey of the Western Plains are also placed on the 
Kangaroo Management Program web page. 
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WHY CONDUCT SURVEYS? 
The commercial kangaroo harvest is carried out in accordance with a management 
plan that has been approved by the Commonwealth Government.   The current 
version is the NSW Commercial Kangaroo Harvest Management Plan 2007-2011 
www.nationalparks.nsw.gov.au/PDFs/CKHMP07_11.pdf. 
 
Before approving the management plan, the Commonwealth Government considered 
whether the harvest is likely to have an adverse effect upon the conservation of 
kangaroos.  Direct monitoring of kangaroo populations by aerial survey is necessary 
to ensure that this is the case.  
 
Kangaroo population size fluctuates in response to births, deaths and movement of 
animals between locations.  The relative contribution of these processes tends to 
remain essentially unknown.  Surveys provide a “snap shot” estimate of the 
population at a point in time.  Regular surveys allow comparison of population sizes 
over time for a given area, or between areas at a particular time.  Such information is 
relevant from a management perspective.  However, absolute estimates (ie. not 
simply indices) of population size are required to allow harvest quotas to be set as a 
proportion of those estimates.  
 
Because of the nature of the surveys and the ability of kangaroos to move through 
the landscape, population estimates obtained from these surveys can never be 
exact, but are generally seen as being repeatable.  Population size is therefore 
estimated on a regional basis as estimates are less reliable over small areas such as 
individual properties, or even local government areas.  
 
Outside of the commercial harvest areas, no routine population surveys are 
conducted.  Some surveys are carried out by DECC or other organisations for 
particular purposes, but only over small areas.  These surveys are not considered in 
this report. 
 
HOW ARE SURVEYS CONDUCTED? 
The methods vary slightly across the state owing to differences in terrain and species 
habitat preferences.  However, the general underlying principles are essentially 
similar: 

1. The aircraft flies at known specified speed and height, and the sighting 
distance on the ground is delineated by a streamer or boom.   

2. Trained observers record kangaroos seen from the aircraft within either 
delineated areas (fixed wing surveys) or at delineated distances (distance 
sampling).  In distance sampling, the ‘detection area’ is calculated 
mathematically from the distance data.  For both survey methods, the result is 
an observed density of kangaroos. 

3. For each region of interest (e.g., a single commercial harvest zone), the total 
area of the region is known.   

4. For fixed-wing surveys, a correction factor is applied to the observed density to 
account for animals present but not seen. This provides a “true” density. 
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5. The corrected (or “true”) density (number of animals per square kilometre) is 
multiplied by the area of the region to calculate the population estimate.   

 
1. Fixed-wing aerial survey – Western Plains 
Species: Red kangaroo (Macropus rufus) 
  Eastern grey kangaroo (Macropus giganteus) 
  Western grey kangaroo (Macropus fuliginosus) 
 
(Note:  Eastern and western grey kangaroos cannot be distinguished from the air). 
 
Extent: The western 450,000 square km of NSW (Map1.) 
 
Frequency: Annually since 2001 using 100m wide survey strip and annually 

1984-2000 using 200m wide survey strip.  Previously surveys 
conducted from 1975-1983 were based upon monitoring seven 
sample blocks. 

 
Methodology: The survey covered most of the Western Plains, continuing the survey 

design initiated in 1984 in preference to the previous (more intensive 
but geographically limited) survey of seven 1:250,000 map sheets.  
The area currently surveyed is shown in Map 1. 

 
 
Across the Western Plains, fixed-wing aircraft are used to survey kangaroo 
populations.  Survey lines (“transects”) have been identified at regular intervals 
across the area, and the same lines are used every year to allow comparison of 
results between years.  This very large area is partitioned into four separate units for 
survey purposes – Mildura/Griffith, Tibooburra/Broken Hill, Bourke/Narrabri and 
Cobar/Dubbo (Map 1).  Each of these units takes approximately 3-5 days to survey, 
depending on weather conditions and the actual length of survey lines in the survey 
unit. 
 
The Western Plains surveys are carried out in winter (June and July) when 
kangaroos are more visible than they are in the hotter months. 
 
Trained observers can reliably distinguish between red and grey kangaroos at the 
height and speed of the surveys.  For the purposes of setting commercial quotas, the 
species of interest in the Western Plains are red, western grey and eastern grey 
kangaroos.  However, it is not possible to reliably distinguish between eastern and 
western grey kangaroos from the air.  In the commercial zones where both species 
occur, the relative proportions of each species have been determined from ground 
surveys in which kangaroos can be viewed more closely.  From these results, “maps” 
showing the relative proportions have been developed (Cairns and Gilroy 2001), and 
are used in the database to calculate populations of the two species from the 
corrected density estimates (see below). 
 
The aircraft (Cessna 206) is flown at a set speed (185 km/h) and height (76 m) along 
the line. Tape streamers marked into sections that represent 100 m on the ground 
are attached to either side of the plane to delineate the area in which the kangaroos 
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are counted.  Trained observers count the kangaroos seen within the distance 
identified by the tape for 90 seconds, then have a seven second break in which they 
record the information before beginning the next cycle.  Because the speed and 
height are known and constant, the ground area surveyed during this time is 
equivalent to five kilometres length, and 100 metres wide (on either side of the 
plane).  These data allow the calculation of the density of kangaroos observed. 
 
The data are checked and entered into a customised database that calculates 
density, applies the appropriate correction factors (see below) and provides an 
estimate of the population for each management zone. 
 
CORRECTION FACTORS 
Not every kangaroo in the path of the survey will be seen by the observers.  The 
visibility of the kangaroos depends on the species, the type of habitat being surveyed 
(e.g., open or wooded) and a number of other factors.  Research has been 
conducted since the 1970s with recent comprehensive review (see below) and 
improvement into developing “correction factors” to account for the fact that more 
kangaroos are present than are actually counted.  From this research, a set of 
correction factors has been developed for each species and each broad habitat type 
within the areas that are surveyed.  These are applied to the survey counts to 
produce corrected densities from which populations are estimated. 
 
DECC and the University of New England conducted a three-year research project 
examining fixed-wing aerial surveys from 1998-2000.  As a result of this research, 
since 2001 DECC has: 
 

• changed the survey strip width from 200 m to 100 m; 
 

• implemented new bioregional correction factors for grey and red 
kangaroos; 

 
• implemented revised proportions of eastern grey and western grey 

kangaroos; and 
 

• implemented a new data analysis protocol. 
 
The aim of this project, jointly funded by DECC and West2000, was to undertake a 
further assessment of aerial surveys using fixed-wing aircraft and strip transect 
sampling and to develop habitat correction factors (CF) for red and grey kangaroos 
based upon helicopter and line transect sampling (Cairns and Gilroy 2001). 
 
Within the recognised natural regions of the Western Division, 12 monitor blocks 
were established for survey.  Fixed-wing aircraft surveys of the 12 blocks using 
100 m and 200 m wide survey strips were compared with helicopter surveys of the 
same blocks.  The research confirmed that fixed-wing aircraft surveys using 100 m 
and 200 m wide survey strips are consistent for both red and grey kangaroos.  Due to 
these findings, the NSW Kangaroo Management Program annual aerial surveys for 
the Western Plains have applied 100 m wide survey strips since 2001. 
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As part of this work, a new set of correction factors was developed for red and grey 
kangaroos.  These new CF are considered superior because they used helicopter 
line transect sampling as a baseline and were developed specifically for natural 
regions of New South Wales.   
 
In order to develop the new CF, helicopter line transect surveys were flown across 
blocks 7 and 8 in 2002; 5, 6, 9 and 11 in 2003 and blocks 10 and 12 in 2004 (Map 2).  
These blocks were chosen for additional survey because they were the most likely to 
produce different estimates to fixed-wing surveys during dry periods.  Analysis of 
data from a range of environmental conditions, which now includes drought, resulted 
in a final set of CF being developed for red and grey kangaroos.  These CF are 
considered superior to those used in the past, allowing populations to be estimated 
with greater confidence.  These final CF will be applied into the future, and in the 
current quota submission have been applied from 2001 to allow a direct comparison 
of data from recent years. 
 
Dual helicopter and fixed wing aircraft surveys will be conducted on selected 
monitoring blocks on an ongoing basis, to ensure that CF continue to be appropriate.  
It is anticipated that the calculation of correction factors for a range of seasonal 
conditions, combined with the opportunities to model kangaroo populations based on 
seasonal factors, will provide greater certainty in estimating kangaroo populations in 
the future.  
 
Aerial surveys of kangaroos using fixed-wing aircraft have been conducted since the 
1970s.  As a result, there is a large body of scientific literature discussing the 
methodology.  For additional detail, the reader is referred to the following document 
as a starting point: 
 
Lunney D, Dawson L and Law B (eds) (1999) “Aerial Surveys for Kangaroo 
Management”.  Australian Zoologist 31(1) 
 
2. Helicopter aerial survey  
Helicopter survey methodology is relatively new and still evolving.  Consequently, 
each survey is re-designed based on information gained from previous surveys and 
advances in survey design software.  Following each survey, a detailed report is 
made available on the KMP web page 
www.nationalparks.nsw.gov.au/npws.nsf/Content/Kangaroo+management+program
The information in this report provides a more generalised overview of the 
methodology. 
 
Note: The Kangaroo Management Program groups the management zones of Glen 
Innes, Armidale and Upper Hunter together for survey purposes under the title 
“Northern Tablelands”.  Some commissioned reports refer to this same area as “New 
England Tablelands”. 
 
In the Northern Tablelands and Southeast NSW, much of the terrain is too steep to 
be safely surveyed using fixed-wing aircraft, and ground surveys are impractical and 
not cost effective - helicopters are used instead.  Helicopter surveys are considerably 

NSW Kangaroo Management Program – Quota Report for 2008 6 

http://www.nationalparks.nsw.gov.au/npws.nsf/Content/Kangaroo+management+program


more expensive than fixed-wing surveys, and are generally carried out every three 
years.  Research and population modelling indicate that three-yearly surveys provide 
an acceptable compromise between cost and safety for kangaroo populations.  At 
this frequency, there is negligible risk to the conservation status of kangaroos. 
 
The basic methodology for helicopter survey is similar to that for the fixed-wing 
survey of the Western Plains.  The helicopter (Robinson R44) is flown at 93 km/h at a 
height of 61 m above the ground along each transect.  Animals are counted as they 
are observed within sighting distances delineated by aluminium “booms” attached to 
either side of the helicopter, representing 150 m on the ground.  
 
The survey area is stratified into low, medium and high density areas, and survey 
effort is allocated accordingly.  More survey effort (i.e. more transects) is allocated to 
high than medium density strata.  Low density strata are generally not surveyed 
where both high and medium density strata exist. 
 
Upon the completion of each survey, densities are calculated for each stratum based 
on the survey observations.  These densities are applied to the area of each stratum 
to produce a population estimate for that species.  The population estimates for each 
stratum are then applied across the entire zone to develop average densities for the 
zone.  Because densities are assumed to be zero (but are unlikely to be zero) in low 
density strata, this method ensures conservative population estimates and quotas 
are achieved. 
 
Correction factors as such are not used for eastern grey kangaroos surveyed by 
helicopter.  The data analysis is conducted using specialised survey software, and 
involves a series of steps:  first, the estimation of the detection probability of clusters 
of animals within the covered region (the designated survey strip), then the 
estimation of the density of animals within the covered region given this detection 
probability and, finally, the estimation of the number of animals in the survey region 
given the density of animals in the covered region.   The premise of this statistical 
analysis is that more of the kangaroos present are seen closer to the helicopter than 
further away, and that larger groups are detected more easily than smaller groups or 
individual animals. 
 
Wallaroo densities in the Northern Tablelands zones are multiplied by 1.85 to correct 
for difficulties in surveying this species by helicopter. 
 
National Parks, State Forest estate and areas of urban consolidation are excluded 
from commercial harvest.  Areas too dangerous for helicopter flight were also 
excluded from the survey and subsequent population estimates.  In these areas 
terrain prevents commercial kangaroo harvesting. 
 
Northern Tablelands 
Species: Wallaroo (Macropus robustus robustus) 
 Eastern Grey Kangaroo (Macropus giganteus) 
 
Extent: Northern Tablelands – approximately 40,000 square kilometres (Maps 3 

to 5). 
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Frequency: Triennial surveys beginning in 2001 with 28 transects across seven 
survey blocks, following by an additional ten transects across two 
blocks (Map 3).  The survey was redesigned for 2004 to improve 
coverage of the study area, particularly in the eastern and southern 
parts, resulting in 40 transects across the three management zones 
(Map 4).  The survey was again redesigned for 2007 based on 
advances in survey design software and information gained from 
previous surveys of both the Northern Tablelands and Southeast NSW 
(Map 5).  A total of 81 transects was flown across the three zones. 

 
Methodology: The surveys were conducted in kangaroo management zones 9, 13 

and 14 in the Northern Tablelands (Maps 3, 4 and 5).  Transects were 
surveyed by helicopter, and standard line transect data (grouped 
perpendicular sighting distances) were recorded for all kangaroos 
observed. 

 
 The first seven survey blocks were surveyed during October 2001.  An 

additional two blocks were surveyed during May 2002. 
 

The survey design was reviewed for the 2004 survey.  Based on 
experience gained from the 2003 survey of the Southeast NSW area, 
the new survey design incorporated stratification into areas of 
probable high, medium and low densities prior to placement of 
transect lines.  Stratification was based on raw data from the original 
surveys, analysis of land use and terrain (providing an estimate of 
habitat quality) and information on the distribution of commercial 
licences issued in the last three years.  The revised survey design 
resulted in a greater coverage of more appropriate habitats for the 
species of interest.  The full report of this survey (Cairns 2004) is 
available separately from the KMP web page 
www.nationalparks.nsw.gov.au/npws.nsf/Content/Kangaroo+manage
ment+program. 

 
The 2007 survey was designed using the most recent version of 
DISTANCE (survey design software) and with consideration of the two 
previous surveys.  The full report (Cairns 2007) is available separately 
from the KMP web page 
www.nationalparks.nsw.gov.au/npws.nsf/Content/Kangaroo+manage
ment+program. 

 
 
 
SURVEYS, DENSITIES AND CORRECTION FACTORS 
 
Prior to 2001, population estimates for the Northern Tablelands were based on data 
collected from walked line transects during 1989/90.  These estimates were adjusted 
annually based on environmental factors and aerial fixed-wing surveys of adjacent 
areas.  Helicopter surveys were conducted for the first time in the Northern 
Tablelands during 2001.  The design of these surveys, using seven blocks located in 
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areas where a helicopter could be flown at a fixed height and speed, avoided 
mountainous terrain and may have excluded primary wallaroo habitat.  While eastern 
grey kangaroos were considered to be adequately surveyed, and were incorporated 
into the KMP in 2002, the results of the 2001 surveys did not provide an appropriate 
population estimate for wallaroos in the Tablelands.  An additional 10 line transects 
were flown in May 2002 to address this problem (Map 3).  The combined data from 
these surveys was analysed (Cairns 2003) and applied to population estimates for 
the 2004 quota submission. 
 
The 2003 feasibility study of monitoring kangaroo populations in Southeast NSW, 
and the experience gained in conducting the subsequent survey, contributed to the 
re-design of the Northern Tablelands survey for 2004.  A key improvement over the 
original surveys is the stratification of the study area into areas of probable high, 
medium and low densities, allowing a greater proportion of the survey effort to be 
directed into areas where higher densities are likely to occur.  Statistically, 
stratification results in a more reliable population estimate provided sufficient 
observations are recorded. 
 
While helicopter transects may be considered an adequate surrogate for walked line 
transects for eastern grey kangaroo, this is not the case for wallaroos.  Due to 
recognised difficulties in counting wallaroos by helicopter (Clancy et al 1997), a 
correction factor was applied to wallaroo densities to give a more accurate estimate 
of the population in the tablelands.  Densities for wallaroos in the tablelands were 
multiplied by 1.85 (Cairns 2003) to obtain population estimates used in this report.  
Corrected estimates are considered comparable to ground surveys of flat terrain but 
are considered conservative for undulating and steep terrain (Cairns 2003). 
 
Southeast NSW 
 
Species: Eastern Grey Kangaroo (Macropus giganteus) 
 
Extent: Southeast NSW – approximately 29,000 square kilometres (Maps 6 

and 7). 
 

Frequency: Triennial surveys beginning in 2003 (Map 6) (Cairns 2004a).  The 
survey was redesigned for 2006 to improve coverage of the study area 
(Map 7). 

 
Methodology: The surveys were conducted in kangaroo management zone 16 (Maps 

6 and 7).  Transects were surveyed by helicopter, and standard line 
transect data (grouped perpendicular sighting distances) were 
recorded for all kangaroos observed. 

 
 Because ground surveys and fixed-wing surveys were considered 

impractical and not cost effective, helicopters line transects were used.  
The helicopter (Robinson R44) was flown at 93 km h-1 at a height of 
61 m above the ground along each transect.  Animals were counted 
as they were observed within sighting distances on either side of the 
aircraft.  
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 Stratification was based on raw data from the original surveys, 
analysis of land use and terrain (providing an estimate of habitat 
quality) and information on the distribution of commercial licences 
issued in the last three years.  The revised survey design resulted in a 
greater coverage of more appropriate habitats for the species of 
interest.  The full report of this survey is available separately (Cairns 
2007). 

 
The study area was originally surveyed in accordance with a design developed by 
consultants based on latest methodologies (Pople, Cairns & Menke 2003).  As no 
baseline population data existed, the survey area was stratified into areas of 
probable low, medium and high kangaroo densities using observations of habitat 
suitability and anecdotal information from DECC and Rural Lands Protection Board 
rangers working in the area. 
 
A second aerial survey was conducted in September 2006 to provide updated 
population estimates.  The 2006 survey was designed after consideration of the 
results of the original survey and harvest data, and advances in survey design 
software.  As a result of the redesign, the 2006 survey included greater overall length 
of survey lines, and shorter individual lines, leading to more appropriate coverage of 
the total area and greater statistical precision (Cairns 2007).  As there are no genuine 
“high density” strata in this zone, only medium and low density strata were identified 
and surveyed. 
 
 
3. Walked line transects – New England Tablelands and Western Slopes 
 
Species: Wallaroo (Macropus robustus robustus) 
 Eastern Grey Kangaroo (Macropus giganteus) 
 
Extent: New England and Western Slopes regions (58,000 km¯²)  
 
Frequency: Once in 1989/90 
 
Methodology: The survey area covers approximately 58,000 km¯² of the New 

England Tablelands.  Sighting data were analysed using the 
LINETRAN program and the Quadratic Exponential model.  Population 
sizes were estimated to be 300,000 for the wallaroo and 500,000 for 
the eastern grey kangaroo.  Coefficients of variation for these two 
estimates are approximately 20-25%. 

 
4. Relative Abundance of Grey Kangaroos – Western Plains 
 
Species: Eastern Grey Kangaroo (Macropus giganteus) 
 Western Grey Kangaroo (Macropus fuliginosus) 
 
 (used to partition aerial counts of grey kangaroos into the two 

species). 
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Extent: The same as fixed-wing aerial surveys 
 
Frequency: 1982 and 2000 
 
Methodology: Caughley et al (1984) published a paper in which they defined the 

kangaroo overlap zone of eastern and western grey kangaroos in 
eastern Australia from vehicle surveys and derived ratios (relative 
proportions) of these two species for one degree square blocks.  
Similar vehicle surveys were conducted in western NSW during 2000 
(Cairns and Gilroy 2001). 
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Map 1. NSW fixed-wing aerial survey transects  
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Map 2.  Western NSW helicopter survey blocks  
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Map 3. Location of Northern Tablelands helicopter line transect survey 2001/02 
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Map 4.  Location of Northern Tablelands helicopter line transect survey 2004 
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Map 5.  Location of Northern Tablelands helicopter line transect survey 2007 
 



NSW Kangaroo Management Program – Population Monitoring Methods        17 

Map 6. Location of South-eastern NSW helicopter line transect survey 2003  
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Map 7. Location of South-eastern NSW helicopter line transect survey 2006  
 

 
 
The survey areas within each district comprise a medium (dark) and a low (light) 
kangaroo density stratum. 
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