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Disclaimer 
 
While the author endeavours to provide reliable biostatistical information and believes the 
content of this report is accurate the author will not be liable for any error, loss, 
consequences or claim by any party acting on such information.  
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REPORT: Brumby population  
 
This report is prepared in full by myself, Claire Galea, biostatistician. I declare that I have no 
conflict of interest and have undertaken this report independently. I have been a statistician 
for over 25 years and have analysed all forms of data ranging from military to biological, 
educational and medical, specialising in teaching, lecturing and scrutinising complex time-
based data and examining trends. I have published over 50 peer reviewed papers, including 
my Masters dissertation, which was based on trends over time, as are the documents that I 
have reported on in my submission to this inquiry. All key findings, summaries and 
recommendations are focussed on the mathematical and statistical aspects of the reports 
listed below.  
 
 
 
Documents covered 

 
1. S. C. Cairns. (2019) Feral horses in the Australian Alps: The Analysis of Aerial Surveys 

conducted in April-May 2014 and April-May 2019. A report to the Australian Alps 
Liaison Committee. Unpublished. 

2. E. J. Curtis and S. R. McLeod. (2021) Western Plains Aerial Kangaroo Survey Results. 
Unpublished.  

3. S. C. Cairns, D. Bearup & G. W. Lollback. (2016) A report to the New South Wales 
Office of Environment and Heritage on the consultancy: Design and analysis of 
helicopter surveys of the kangaroo populations of the Northern Tablelands kangaroo 
management zones, 2016. 

4. S. C. Cairns, D. Bearup & G. W. Lollback. (2019) A report to the New South Wales 
Office of Environment and Heritage on the consultancy: Design and analysis of 
helicopter surveys of the kangaroo populations of the Northern Tablelands kangaroo 
management zones 

5. S. C. Cairns. (2022) A survey of the wild horse population in Kosciusko National Park, 
November 2022.  

6. Department of Planning, Industry & Environment 2021 Quota Report New South 
Wales Commercial Kangaroo Harvest Management Plan 2017-2021 and the updated 
(error corrected) version 

7. P.D. Moloney, D.S.L. Ramsey and M.P. Scroggie. (2017) A state-wide aerial survey of 
kangaroos in Victoria (December 2017). Arthur Rylah Institute for Environment, 
Research Technical Report Series No 286. NOTE: Referred to in this report as the 
Technical Report 2017  

8. S. C. Cairns, D. Bearup & G. W. Lollback. (2019). A report to the Biodiversity and 
Conservation Division, New South Wales Department of Planning, Industry and 
Environment on the consultancy: “Design and analysis of helicopter surveys of the 
kangaroo populations of the Northern Tablelands kangaroo management zones, 
2019. 
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Summary of Analysis 

There are concerning flaws in methodology and statistical modelling of the population 
estimates of wild horses in the Kosciuszko.  

Based on this analysis it is impossible to have any confidence in the population estimates 
provided.  

 

Key findings 

1. The survey methodology contains significant flaws that put in question the counting 
of wild horses. 

2. Insufficient numbers of wild horses were seen to apply statistical modelling 
techniques to estimate populations. 

For example: Values from surveys conducted in 2014 and 2019 were combined together as 
insufficient numbers were seen and population estimates done from this one single value 
which means that population estimates over time are fundamentally flawed.  

 

 

Recommendation 

Immediate moratorium on the killing of all wild horses in the Kosciuszko National Park and 
an independent investigation into all population trends and subsequent control needs to 

be urgently undertaken. 

 

 
 
 
 
 
 
 
 
 
 
 

This report on wild horses is prepared as I presented at the NSW Parliamentary Inquiry on 
the Health and Wellbeing of Macropods as a key witness on the concerns surrounding the 
methodology, statistical modelling and reliability of population estimates for kangaroos. S. 
C. Cairns counts both the kangaroos and wild horses. This report presents findings outlining 

consistent concerns across the population estimates for both wild horses and kangaroos.  
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A. SURVEY METHODOLOGY 
 

1. Cluster size 
 
When conducting surveys, it is essential to determine the minimum number of sightings 
that are needed in order to make a reliable population estimate. Cairns (2019) and Cairns 
(2022) cites Buckland et al. (2001) stating that “the recommended number of 
observations, of clusters of horses in this instance, should be 60-80 for reliable modelling 
of the detection function”. This is also the case when counting kangaroos where Clancy et 
al. stated that a minimum of 60-80 clusters was needed in order to determine a 
population estimate. Note a cluster is considered to be more than 1 animal.  
 

• The table below is taken from Cairns (2019) where circled in red the number of 
clusters of wild horses is well below the 60-80 as recommended.  

 

 
• The table below is taken from Cairns (2016) where circled in red is the individual 

number of wallaroos, not clusters, as the number of animals seen were small and 
therefore are well below the 60-80 clusters as recommended.  
(Wallaroos are used here purely to identify a consistently flawed methodology) 
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CONCERN: Given insufficient clusters of wild horses or individual numbers of wallaroos 
were seen as per the requirements stated by S. C. Cairns, no reliable population estimates 
can be determined in either case.  
 

Following on from this Cairns (2019) outlined that as there “were not enough 
observations of clusters made during each of the two surveys conducted in the Bago-
Maragle block for separate analyses to be undertaken, the results from the 2014 and 2019 
surveys were combined to ensure an adequate number of replicate observations for 
modelling the detection function”.  
 
Therefore, taking Table 3 (horses) above, in North Kosciuszko (Medium terrain habitat) 24 
clusters were observed in 2014 and 43 clusters observed in 2019. Both of these are well 
below the minimum 60 required for statistical modelling. However, Cairns (2019) then 
sums these two values to get 43+24 = 67 clusters and undertakes the modelling based on 
a combined total. Of note, when looking at the Snowy River Valley (Table 3 horses), even 
adding the two years together only gives 10 + 5 = 15 clusters which is extremely below 
the minimum required. 
 
It is not statistically appropriate to merge different surveys over time when insufficient 
numbers are seen for population estimation. Literature has shown concerns surrounding 
this methodology where Roberts and Binder (2009) have outlined: 
 

• When combining samples, the contribution of each sample must be taken into 
consideration and weighting applied 

• If the sample sizes are small then there will be insufficient power to undertake the 
modelling 

• Variance estimation from the individual and pooled sample may be difficult 
especially if the samples are not independently selected. 

 
Further to this and of even greater concern: when you pool samples from two different 
time periods, the interpretation of the value obtained changes and becomes the mean 
value of the two time periods (Lewis, 2017). That is, the population estimate is not from 
either 2014 or 2019 but rather 2016. It provides only one value and this cannot be used 
for population estimates and trends over time 
 
CONCERN: Given that insufficient clusters of wild horses were seen as per the 
requirements stated by S. C. Cairns no reliable population estimates can be determined. 
 

 
2. Cluster observation 

  
In 2016, Cairns stated that an “expected value of cluster size based on the relationship 
between observed cluster size and the estimated probability of detection (g(x)) was used 
to estimate density instead of the mean cluster size” and in 2019 Cairns cites Buckland 
(2001) referring to the bias in using the mean size of clusters detected “If larger clusters 
are more detectable at greater distances from the survey transect than are small clusters, 
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then mean size of detected clusters will become a positively-biased (rather than an 
unbiased) estimator of expected cluster size”.  
 
CONCERN: Raw count data should be used for population estimates as averages are 
affected by outliers (extreme values). As an insufficient number of wild horses were 
counted the mean size or an expected value should not have been applied as the 
minimum number of observations was not met to undertake reliable modelling.  
 

 
3. Lack of precision 

 
The coefficient of variation is a statistical measure which determines sampling variability 
associated with survey estimates. It involves using the average of the population 
estimates and the standard deviation (a measure of how the population estimates differ 
from the mean). The coefficient of variation is calculated by dividing the standard 
deviation of the population estimate by the mean and is expressed as a percentage. The 
higher the percentage the less accurate the precision.  
 
Witczuk and Pagacz (2021) state that a coefficient of variation (CV) of 20% or less is a 
commonly acceptable level of precision for wildlife population estimates. 
 
As can be seen from tables 7 through to 9 the level of precision as measured by the CV is 
greater than 20%: 

• Table 7: 10/12 = 83% of the surveys do not meet the required precision 

• Table 8: 6/10 = 60% of the surveys do not meet the required precision 

• Table 9: 3/4 = 75% of the surveys do not meet the required precision 

• Table 10: 1/4 = 25% of the surveys do not meet the required precision 
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These coefficients of variation are of statistical concern. There is even a case where the 
precision is more than three times above the acceptable level for wildlife monitoring (see 
Table 8 Snowy River Valley).  
 
These concerns are also consistent with the kangaroo surveys conducted by Cairns et al. 
on the kangaroo management zone of the Northern Tablelands. It can be seen from the 
table below that 50% of the surveys had a coefficient of variation greater than 20% with 
one having more than double this value.  

 
 
Cairns (2019) discusses the concerns around the precision in the wild horse surveys and 
states that “the overall levels of precision of future surveys could be improved by 
increasing the survey effort. This could be done either by increasing the number of 
transect lines across the survey area, something that would be possible in the Bago-
Maragle block but perhaps not possible in the North Kosciusko block because of the 
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already closeness of the transects of the current survey, or by repeat sampling of existing 
transect lines”. 
 
The concerns continue in the 2022 wild horses survey conducted by Cairns where the 
coefficients of variation are higher than the accepted 20% in 50% of the density 
calculations (Table 5 below) and the population estimates (Table 6 below).  

 

 
CONCERN:  When the coefficient of variation is unacceptable, the results of the survey 
should be suppressed. 
 

 
4. Bias sample location 

 
Cairns (2019) refers to bias sample location whereby the report states “that the Open 
plains habitat, where horse density was highest (Table 8), could well be thought of as 
being preferred habitat for large grazing animals such as horses”. 
 
CONCERN: Sample choices should be reflective of the entire population distribution zone 
with no selection bias applied when transect locations are determined. 
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5. Use of line transects with respect to speed of wild horses 

 
In 2019 Owusu outlined how the use of line transects is not appropriate if the object is 
moving at roughly half the speed of the observer or faster. Cairns (2019) states that the 
helicopters were flown at speeds of 93km per hour however literature has shown the 
horses can run at least as fast as 64 km per hour (AMNH, 2023) which is well over half the 
speed of the helicopter. 
 
CONCERN: The use of line transects is not appropriate methodology for estimating wild 
horse populations.  
 

B. STATISTICAL MODELLING 
 

1. Statistical modelling for trends over time require a minimum of three time 
points  

 
When applying statistical modelling techniques that investigate population trends over 
time it is essential to have a minimum of three time periods (Curran et al., 2010) of data 
that are of similar time distance apart. For example, 2014, 2016 and 2018.  
 
However, in Cairns (2019) only two time periods were used to apply complex statistical 
modelling techniques. 
 
CONCERN:  Given that insufficient time periods to model the population estimates of wild 
horses were used no reliable population estimates can be determined. 
 

 
2. Transformation of the data to apply the modelling techniques 

 
When applying statistical modelling techniques there are various assumptions that the 
data need to meet in order to apply the techniques. The main one used is for the data to 
be what is called “normal”, that is the raw data follows a normal distribution. When the 
data does not adhere to this then it is common practice to apply a transformation to the 
data depending on the shape of the original data. Cairns (2019) states that the “estimates 
of cluster density and population density were slightly positively skewed, indicating that 
the data were not normally distributed”. 
 
In both the wild horse and kangaroo surveys the method of “log-transformation” is being 
applied. Although this method is very common it can only be applied to an actual value of 
1 or more and not to the value of 0. So, if the observers see 0 animals then these raw 
counts of 0 cannot be included or an integer of 1 or more must be added to the 0 count. 
In Kangaroo counting raw data has shown that sightings of 0 kangaroos is more common 
than sightings of actual animals when considered along the entire flight line.  
 
Curtis and McLeod (2021) state the following in their report: 
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CONCERN: If log-transformations are being applied to the raw counts, then all 0 counts 
will need to be increased and could significantly overestimate the population. 
Appropriate transformations should be applied that take into consideration 0 counts.  
 

 
3. Use of covariates in the modelling 

 
It is unclear throughout the report from Cairns (2019) as to what covariates were included 
and when. On page 19 it states that “there is no capacity to include any covariates other 
than the perpendicular distance of a cluster of horses from the transect centreline in the 
modelling process” yet on page 21 it states that “The covariates used in these analyses 
were related to individual detections of clusters of horses and were identified as observer, 
cloud cover score and habitat cover at point-of-detection. All these covariates were 
categorical. There were three observers (DS, MS and SS), three grades of cloud cover (1 = 
clear to light, 2 = medium, 3 = overcast to dull) and two categories of habitat cover at 
point-of-detection (1 = open, 2 = timbered), indicating that horses were either sighted in 
the open or in timbered habitat. The three covariates were included in the analysis either 
singly or in pairs”. 
 
In 2022, the report outlines that “The inclusion of a covariate such as observer in the 
model has the effect of altering the scale of the detection function, but not its general 
form (Marques & 18 Buckland 2004). The probability of detecting an object (cluster of 
horses) in the nominal survey strip therefore differs between observers”. 
 
This confusion in the reporting is also present in the kangaroo management report by 
Cairns et al. (2016) where it outlines that “there were only three covariates, namely 
observer, habitat cover at point-of-detection and cloud cover”. However, in Glen Innes 
and the Upper Hunter only the covariate “observer” was included yet in Armidale no 
covariates were included in the modelling. All modelling should take into consideration 
any covariates which may predict / interact with the outcome. 
 
CONCERN: Determining what covariates were included and what impact they had on the 
accuracy of the models cannot be determined from the reports given the conflicting 
information provided and therefore the generalisability of the results across the entire 
four blocks should be interpreted with caution. 
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4. Assumptions  

 
In Cairns (2019) an implicit assumption is given that “the horse population in a block 
would be aggregated in its distribution and that the density of horses in the very steep 
country within the survey blocks would be at trace levels; i.e. near to zero. This assumption 
could be open to challenge, but could only be refuted with comparable survey results”. 
 
CONCERN: The report itself raises the concern that this assumption is open to challenge 
and without comparable survey results there is no way of knowing if this assumption had 
a significant impact on the modelling and subsequent population estimates.  
 
 

 
5. Grouping of the zones together for modelling 

 
In both the 2019 and 2022 reports the populations across the blocks are merged with a 
global detection function model applied and a single estimate determined. However, it is 
clearly evident from the report that the blocks provide significant differences in the wild 
horse counts along with the sizes and expected detection being different. 
 
The size and survey effort of the blocks is considerably different as is the number of 
samplers which range from 26 to 188 (see table 2 below from 2019 and Table 1 below 
from 2022).  
 
CONCERN: Independent modelling of the four blocks should be undertaken and no overall 
population estimate reported.  
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6. No increase in the overall population over the last 2 surveys 

 
From 2020 to 2022 there was no statistically significant increase (p=0.289) in the wild 
horse population. Even in the largest zone “the population in the Northern Kosciuszko 
block had remained essentially unchanged over the last two years; being estimated to be 
12,511 (7,111-20,761) in 2020 and 12,774 (9,379-16,862) in 2022 (z = 0.07; P = 0.944)” 
 
Note: Cairns (2022) states that “there was no significant change in the total population. 
This is likely due to the dominance of the large population in the Northern Kosciuszko 
block as a component of the total population in both 2020 and 2022” 
 
CONCERN:  There is no statistical evidence of a population increase and therefore 
population management should be undertaken.  
 

 
7. Implausible population estimates 

 
In 2019 the overall number of wild horses seen in North Kosciuszko was 1374 yet the 
population estimate was 15,687 which is over 1000% higher than the original count. 
 
(This is also evident in kangaroo population estimates where only 508 animals were 
sighted yet a population estimate of 296,555 was reported as seen in Cairns et al. (2019) 
and the 2021 Quota report.) 
 
CONCERN: As mentioned previously the modelling techniques being applied to the raw 
counts are of serious concern and the population estimates determined from these 
models are therefore unreliable.  
 

 
8. Width of the confidence intervals 
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One way to understand confidence intervals is to imagine that if a survey was performed 
100 times and a 95% confidence interval calculated each time, then 95% of those 
computed confidence intervals would contain the population parameter. They do not 
provide the actual population value. Narrow confidence intervals (ie. Closest to 100%) 
indicate greater precision - wider intervals (furthest from 100%) indicate less precision 
(Trafimow, 2018). 
 
The width of the the confidence intervals for 2022, 18,814 (95% CI 14,501-23,535) was a 
concerning 46%. A confidence interval this wide suggests that the sample from the survey 
does not provide a precise representation of the population mean (Bonham, 1989). 
  
CONCERN: Given the lack of precision obtained from the surveys and the extremely wide 
confidence intervals the population estimates are unreliable.  
 

C. ANIMAL SPECIFIC CONCERNS 
 

1. Implausible population increases 
 
The concerns surrounding implausible population increases are evident in both the 
kangaroos and wild horse population estimates provided by Cairns. In the 2019 report it 
states that “a particularly high annual finite rate of increase of 1.370 (i.e. 37%)” was 
evident, and “the annual population growth rates for wild horse populations are often 
reported to be in the range 10-22%”.  
 
The references given to justify these population increases in the report were not from 
Australia but rather from Argentina and France. 
 
These significant population increases are also evident in the kangaroo where the 
population of Wallaroos was said to have increased at 90% per year even during times of 
drought. 
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The red kangaroo was also said to have had an implausible population increase of 265% in 
one year in the Lower Darling kangaroo harvest management zone of NSW. 

 
CONCERN:  As mentioned previously the modelling techniques being applied to the raw 
counts are of serious concern and the population estimates determined from these 
models are unreliable. 
 

 
2. Movement of horses  

 
The zones are not closed areas and therefore movement is possible. Without specific 
photographic / video evidence of wild horses the possibility of double counting cannot be 
eliminated. Cairns (2019) outlines that population increases between surveys could have 
been attributed to “substantial movement of horses into it from outside the survey area 
over the period between the two surveys”. 
 
CONCERN: As mentioned previously, the statistical concerns surrounding the 
methodology of obtaining the raw counts is questionable and without photographic 
evidence of all horses at the same point in time a true count cannot be determined. 

 

 
3. Foals and Joeys 

 
The reports for both wild horse counts and kangaroos conducted by Cairns make no 
distinction or provide any counts of the number of foals or joeys in the surveys.  
 
CONCERN: The impact of these animals and subsequent death of these animals if the 
mother is killed influences the population over time and therefore should be taken into 
consideration.  
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