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Declaration: This full submission is prepared in full by myself, Claire Galea, biostatistician. | declare that |
have no conflict of interest and have undertaken this submission independently.

Profile: | 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. | have published over 50 peer reviewed papers, including my Masters
dissertation, which was based on trends over time, as are the documents that | have reported on in my
submission to this inquiry.

This full submission on wild horses is prepared as | 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. Stuart Cairns undertakes
population estimates for both the kangaroos and wild horses. This submission presents findings outlining
consistent concerns across the population estimates for both wild horses and kangaroos.

Summary of analysis

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

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 and the population estimates.
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.
3. “Estimation of population trends over time is difficult based on this methodology” as

stated by the University of St Andrews who reviewed the work.

Recommendation

Immediate moratorium on the killing of all wild horses in the Kosciusko National Park, an
urgent independent recount (with imagery) be undertaken and an independent investigation
into all population trends and subsequent control needs to be urgently conducted.

Claire Galea

Biostatistician, PhD Candidate — Cognitive Science
M. Epi, Grad Dip (VET), Grad Dip (Stat), B. Ed. (Mathematics)




All key findings, summaries and recommendations are focussed on the mathematical and statistical aspects
of the reports listed below.
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(a) The methodology used to survey and estimate the brumby
population in Kosciuszko National Park

(b) The justification for proposed aerial shooting, giving

consideration to urgency and the accuracy of the estimated

brumby population in Kosciuszko National Park

1. SURVEY METHODOLOGY

A. 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.

e 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.

Table 3. The numbers of clusters of horses and the total numbers of individual horses
observed within these clusters in the 2014 and 2019 surveys of the strata within of the three
feral horse survey blocks. Given in association with these values are the areas of the
respective survey strata actually surveyed (therefore excluding Steep terrain and freehold

land).
2014 2019

Survey block Area No. of No. of No. of No. of
(km2) clusters horses clusters horses

North Kosciuszko 1,366
Open habitat 618 84 305 226 1,125
Medium terrain habitat | 748 64 173
Bago-Maragle 847 97 76

Byadbo-Victoria 3,237
Medium terrain habitat | 3,098 149 366 152 362
Snowy River Valley 139 15 D) 12

e 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)




Table 3. Number of iransects flown, total survey effort (km) and raw counts of macropods
for sach of the twa survey strata within the three kangaroo management zones.

Raw counts
Kangaroo Number Survey Easterm Common Red- Swamp
management of effort grey wallaroos necked  wallabies
zone transects (km) kangaroos wallabies
Glen Innes
High 3o 2250 810 107 &4 48
Medium 34 255.0 951 10 53 30
Armidale
High 37 2775 1,030 GO 1 19
Medium 22 165.0 667 118 13 A23
Lpper Hunter
High a5 1750 534 16 30
Medium 37 277.5 506 70 21 13

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.
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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 Snowy River Valley 10 clusters were observed in 2014
and 5 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 10+5 = 15 clusters
and undertakes the modelling based on a combined total.

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:

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

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

e 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.

3k 3k 3k 3k 3k 3k 3k %k %k ok 3k %k %k k ok kok sk k kokk




Still focusing on the concerns surrounding the clusters, The University of St Andrews also raised
concerns surrounding the clusters and recommended ignoring the number of clusters and count
number of horses in each distance interval and treat each animal as an individual detection.

Cairns’ applies a mean (average) cluster size which he notes is subject to bias. The range of cluster
size was extremely wide 1-28. However, Cairns outlines that a cluster is more than 1.

CONCERN: This is conflicting information, if a cluster is more than 1 how can the cluster size
include 1 and then range from 1-28?

The above concerns around the use of clusters is supported by the University of St Andrews who
state that ““ignore clusters and count number of horses in each distance interval and treat each
animal as an individual detection”.

B. 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, 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.

C. 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%:

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

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

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

e Table 10: 1/4 = 25% of the surveys do not meet the required precision




Table 7. Results of the helicopter line transect surveys of feral horses conducted in the three Australian Alps survey blocks in April-May,
2014. Given for each block is the area of the strata surveyed, the density of clusters of horses sighted (Ds) and the horse population density
(D). Given in association with the two density estimates are the empirically-estimated and bootstrap-estimated coefficients of variation

(CV %), and the bootstrap confidence intervals.

Cluster density (km2) Population density (km-2)
Survey Area Ds Ccv 95% bootstrap CVboot D CcVv 95% bootstrap CVboot

block/stratum (km?2) (%) confidence interval (%) (%) confidence interval (%)
North Kosciuszko
NK Open 618 0.55-3.65 55.2 1.73-6.44 46.0
NK Medium 748 0.17-1.67 64.8 0.67-2.97 63.7
NK Combined 1,366 0.43-1.86 55.7 1.35-4.32 43.7
Bago-Maragle 847 0.45-1.30 271 1.09-3.31 28.3
Byadbo-Victoria
Byadbo 3,098 0.52-1.04 21.9 0.98-2.30 27.0
Snowy River Valley 139 0.25-1.50 39.6 0.33-2.29 43.2
BV Combined 3,237 0.52-1.03 21.0 1.00-2.26 26.2

Table 8. Results of the helicopter line transect surveys of feral horses conducted in the three Australian Alps survey blocks in April-May, 2019.
Given for each block is the area of the strata surveyed, the density of clusters of horses sighted (Ds) and the horse population density (D).
Given in association with the two density estimates are the empirically-estimated and bootstrap-estimated coefficients of variation (CV %), and
the bootstrap confidence intervals.

Cluster density (km2) Population density (km2)
Survey Area Ds Ccv 95% bootstrap CVboot D Ccv 95% bootstrap CVboot

block/stratum (km?) (%) confidence interval (%) (%) confidence interval (%)
North Kosciuszko
NK Open 618 2.87-5.27 15.7 13.18-25.76 174
NK Medium 748 0.54-2.08 34.7 2.17-8.63 37.8
NK Combined 1,366 1.78-3.38 16.7 7.75-15.06 17.0
Bago-Maragle 847 0.31-1.061 31.3 0.65-3.14 40.8
Byadbo-Victoria
Byadbo 3,008 1.01-1.78 14.1 2.00-3.97 18.0
Snowy River Valley 139 0.13-1.43 50.7 0.10-2.61 61.7
BV-SRV 3237 0.98-1.70 14.0 1.95-3.85 17.8

Table 9. The population estimates (N) and density estimates (D), adjusted for the area of the whole survey block, of feral horses in each of
the three survey blocks in the Australian Alps in April-May 2014. Given with these estimates are the 95% bootstrap confidence intervals and
the bootstrap coefficients of variation (CVsoa).

Survey block Area N 95% bootstrap D 95% bootstrap CVooot
(km?) confidence interval (km?2) confidence interval (%)

North Kosciuszko

NK Open 2,131 1,071-3,984
NK Medium 1,124 413-2,728
NK Combined 1,549 3,255 1,846-5,900 2.10 1.19-3.81
Bago-Maragle 948 1,616 782-2,574 1.70 0.82-2.72

Byadbo-Victoria

Byadbo 4,150 3,043-7,111
Snowy River Valley 166 46-318
BV-SRV 4,946 4,316 3,316-6,577 0.87 0.67-1.33

Australian Alps 7.443 9,187 1.23




Table 10. The population estimates (N) and density estimates (D), adjusted for the area of the whole survey block, of feral horses in each of
the three survey blocks in the Australian Alps in April-May 2019. Given with these estimates are the 95% bootstrap confidence intervals and
the bootstrap coefficients of variation {CVaoa)-

Survey Area N 95% bootstrap D 95% bootstrap CVboot
block/stratum (km?) confidence interval confidence interval (%)

North Kosciuszko

NK Open 12,139 8,416-15,918
NK Medium 3,547 1,320-6,657
NK Combined 1549 15887 10,598-20,569 10.13 6.84-13.38
Bago-Maragle 948 1,113 463-2,364 1.17 0.49-2.49

Byadbo-Victoria

Byadbo 8,305 6,196-12,288

Snowy River Valley 213 14-362

BV-SRV 4,946 8,518 6,321-12,464 1.72 1.28-2.52
Australian Alps 7,443 25,318 3.40

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.
Table 2. Results of the helicopter line-transect surveys of eastern grey kangaroos conducted in the three Northern Tablelands
kangaroo management zones
Given along with the areas of the two strata surveyed within each zone, are the survey efforts, the numbers of clusters of kangaroos
sighted (n), the detection function models, the probabilities that a cluster of kangaroos is detected if it is in the covered region (P,) and
the estimated densities (1 s.e.) along with their associated coefficients of variation (CV%). Where two detection function models are
listed for a stratum, the data have been post-stratified by either observer (DB or PM) or side-of-aircraft in relation to the east—west

direction of the survey transects (N = north, S = south) /\
Kangaroo Area Effort n Model P, Density / cv
management zone (km?) {km) (km'2) {%a)
Glen Innes
High 4774 243.6 271 Uniform/cosine (IN) 0.61 11.89 + 1.49
Hazard-rate/cosine (S) 0.43
Medium 12476 145.4 96 Half-normal/cosine 0.50 7.46 +2.62
Armidale
High 9078 117.3 T4 Half-normal/cosine 0.41 11.26 £4.05
Medium 5945 93.8 86 Uniform/polynomial 0.51 10,01 £ 1.64
Upper Hunter
High 3552 194.0 121 Half-normal/cosine (DB) 0.30 15.74 £3.09
Half-normal/cosine (PM) 0.43
Medium 4431 76.9 17 Half-normal /cosine 0.46 2.61+£1.21

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 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).




Table 5. Results of the helicopter line transect surveys of wild horses conducted in the four survey
blocks in November, 2022. Given for each block is the number of clusters of horses detected (n), the
estimated density of clusters of horses (D) and the horse population density (D) along with their 95%
bootstrap confidence intervals and coefficients of variation (cv%). Note that there were no horses
detected in the survey of the Cabramurra block.

Cluster density (km2) Population density (km2)

Survey block n Dc 95% cv D 95% cv

confidence (%) confidence (%)
interval interval

Northern Kosciuszko | 288 2.38 1.756 - 3.02 13.5 10.39 7.63 - 13.20 14.0
Snowy Plains 47 1.19 066 - 1.95 279 4.38 213-7.59 32.3

Cabramurra - - - - - - -
Southern Kosciuszko | 84 1.15 0.72-1.68 295 4.66 260-7.32 26.7
Kosciuszko NP 419 1.66 1.32-2.04 11.4 7.03 542 -8.80 124

Table 6. The population estimates (N) for each of the survey blocks. Given along with these
estimates of abundance are their 95% bootstrap confidence intervals and coefficients of variation
(CV %). Given also are the areas surveyed, including the total area of the four blocks.

Survey block Area N 95% confidence interval cv %
(km?)
Northern Kosciuszko 1,229 12,774 9,379 - 16,862 14.0
Snowy Plain 161 705 343 - 1,222
Cabramurra 139 - -
Southern Kosciuszko 1,146 5,335 2,979 - 8,384
Kosciuszko NP 2,675 18,814 14,501 - 23,535 124

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

D. 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.

E. 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 an appropriate methodology for estimating wild horse
populations.




2. STATISTICAL MODELLING

A. 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.

B. 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:

A quota has been calculated based on the best red and grey kangaroo population models. Long-term
population records (since 2001) are log-transformed to the normal scale before mean and standard deviation
can be calculated. The upper and lower threshold values are then calculated and divided by KMZ area. This
caleulation is carried out within a normal distribution before a natural exponential function is used to back
transform to the log-normal distribution once again to determine where estimated density sits in relation
to these thresholds. The log-transformation is necessary to ensure that the caleulation of the threshold is
carried out using an appropriate distribution for the data. Failing to do so will allow biologically impossible
values (such as negative abundances) and the calculated threshold values will be incorrect. Tables outlining
estimated and threshold density values are included for red kangaroos (Table 9) and grey kangaroos (Table
11). A quota summary for red kangaroo is given in Table 10. The proportion of eastern grev kangaroos

(EGK) and western grey kangaroos (WGK) in each management zone are given in Tables 12 & 13 respectively,
in addition to quota. The ratios of EGK:WGK were determined from spotlight surveys of representative

areas of each management zone (Cairns and Gilroy 2001).

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.
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C. 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: It is not possible to determining what covariates were included and what impact they
had on the accuracy of the models 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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The University of St Andrews raised concerns around non-identifiable models as a result of the
covariates, Cairns replied that “no more than two covariates were included in any of the models”.
However, it is noted above that he stated that there were three covariates.

CONCERN: The is conflicting information either the report is wrong of Cairns has falsely responded
to the University of St Andrews therefore it is impossible to determine what and when the
covariates were included.

D. Assumptions

All statistical models require assumptions to be in order for them to be applied to data. If these
assumptions are not met then the model should not be fitted to the data. For distance sampling
the two key assumptions required both fail and therefore any population estimates obtained from
this modelling are based on unreliable and inappropriate modelling.
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Assumption 1 states that “Objects on the line or point are detected with certainty”. Uncertainty in
statistics is considered to be 100% but the probability of detection for Cairns 2019 work was 21%
that is nowhere near 100% - failed assumption.

Assumption 2 states that “objects are detected at their initial location” that is they don’t move, but
horses and kangaroos move — failed assumption.

Assumption 3 states that “animals are randomly and evenly distributed throughout the survey
area” and it is noted that bias occurs when animals are in clustered populations. Wild horses move
in herds and are not randomly distributed across the survey area neither are kangaroos — failed
assumption.

CONCERN: It is essential for statisticians to follow the rules of the profession, and this has not
been the case for the distance modelling applied to wild horses and kangaroos.

3k 3k 3k 3k 3k %k sk ok ok kosk sk sk k ki ksk sk sk sk kok

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.

E. Lack of evidence for model fit

Along with following the rules for the assumptions necessary to fit models it is also important to
report how well the models fit the data. If the model doesn’t fit the data then the outcomes
(population estimates) the model produces will not be accurate enough to be useful.

On page 24 of the 204-2019 report Cairns states that “goodness-of-fit could not be considered in
relation to models produced using the MCDS analysis engine because of a lack of degrees of
freedom”.

CONCERN: Without providing this vital information there is no possible way of knowing if the
population estimates are reliable please note the University of St Andrews states their concerns
surrounding this.

The above concern is supported by University of St Andrews who stated that “Not being able to
assess model fit is problematic”.

F. 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
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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.

Table 2. The total survey effort and the number of samplers (transects) for each of the
realised survey designs conducted in 2014 and repeated in 2019. Given in association with
these values are the areas of the respective survey strata and the totals for all entries.

2014 2019
Survey block Area Survey No. of Survey No. of
(km?)  effort (km) samplers  effort (km) samplers

North Kosciuszko 1,366

Open habitat 618 403.9 27 403.6 32
Medium terrain habitat] 748 267.5 26 256.2 29
Bago-Maragle 847 4091 30 408.9 30
Byadbo-Victoria 3,237

Medium terrain habitat| 3,098 1,588.0 188 1,544.2 188
Snowy River Valley 139 86.5 42 771 42
Survey totals 5420 2,755.0 313 2,690.0 321

Table 1. The target level of precision, the number of transects and the total survey effort for each of the
realised survey designs. Given along with these values are the areas of the survey blocks and the reference
surveys used to determine the required survey effort using the method given in Buckland et al. (2001).

Survey block Area Target No. of Survey effort Reference
(km?) precision (%) transects (km) survey
Northern Kosciuszko | 1,299 20.0 34 663 KNP (2020b)*
Snowy Plain 161 40.0 23 232 AALC (2019)**
Cabramurra 139 25.0 34 157 AALC (2019)**
Southern Kosciuszko | 1,146 20.0 25 444 AALC (2019)**

*Cairns (2020b)
**Cairns (2019b)

The above concern is supported by the University of St Andrews who stated that “It is arguable
whether an inference should be made to the areas not surveyed in each block” and that “Individual
block-specific detection functions would be more appropriate”.

CONCERN: The assumption by Cairn’s methodology is that the horse density is zero in un-
surveyed areas — which means that no extrapolation methods should be applied to any areas un-
surveyed as this will cause a significant overinflation of the population

G. Noincrease 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
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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.

H. 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.

3k >k %k 3k 3k 3k 3k %k %k %k 3k %k %k %k %k k %k %k k k kk

For Byadbo-Victoria the number of horses seen in 2014 was 366 with a population estimate of
4150 but in and in 2019 was 362 that is 4 individual horses less but the population estimate rose
to a massive 8305 — This would have required every mare to produce 7 foals a year noting the
gestation period of a horse is approximately 11 months.

CONCERN: How could a decrease even so small more than double the population estimate in the
thousands. These implausible population increases were also seen in the macropod data where it
was shown that wallaroos would need to have 24 joeys a year.

Both of the above concerns are supported by the University of St Andrews who stated that “The
high rate of growth reported for the North Kosciuszko block are of particular interest as it appears
to exceed published maximum growth rates for the species”.

I.  Width of the confidence intervals

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% Cl 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).
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CONCERN: Given the lack of precision obtained from the surveys and the extremely wide
confidence intervals the population estimates are unreliable.

3. CONCERNS FROM the University of ST ANDREWS

The University of St Andrew’s, Scotland, developed the software and reviewed the 2014 and 2019
reports and had concerns with the methodology and findings. All comments below in italics are
statements from the university.

a) The high rate of growth reported for the North Kosciuszko block are of particular interest
as it appears to exceed published maximum growth rates for the species.

b) The model was over-saturated.

c) Not being able to assess model fit is problematic — when fitting models, it is essential to
measure the fit of the model using a variety of techniques however Cairns failed to do so.

d) Itis arguable whether an inference should be made to the areas not surveyed in each
block. The assumption in the report is horse density is zero in NON-surveyed areas —
which means that no extrapolation methods should be applied to any areas un-surveyed
as this will cause a significant overinflation of the population

e) Estimation of population trends over time is difficult based on this methodology

f) Individual block-specific detection functions would be more appropriate — Cairns used a
“global detection” function in effect pooling the areas together.

g) The number of factor covariates combined “would result in non-identifiable models”

h) “ignore clusters and count number of horses in each distance interval and treat each
animal as an individual detection”.

i)  “not sure | agree (the reviewer from the University of St Andrews) that arbitrariness is
removed, seems there is another set of decisions observed need to make: where to break
the cluster and then to evaluate two cluster sizes rather than one”.

CONCERN: This company has an interest in their modelling being used as they have developed the
software. However, they criticized the work and raised serious concerns surrounding the
application of this methodology to wild horses even stating that Estimation of population trends
over time is difficult based on this methodology.

CONCERN: The company raised concern about the inference on areas not surveyed. If the raw
count number of horses seen in 2019 in North Kosciusko was 1374 yet the population estimate
was 15,687 which is over 1000% higher than the original count why was this inference even done
when the University outlined that The assumption in the report is horse density is zero in non
surveyed areas?

4. ANIMAL SPECIFIC CONCERNS

A. Implausible population increases
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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.

Northern Tablelands: Wallaroo estimated population and SPEI
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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.

B. 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”.

When the University of St Andrew’s asked Stuart Cairns for evidence on the “movement” of horses
he could not provide it.

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.

16



C. 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.

D.National Parks and Wildlife Service CONCERNS

In October 2023, a recount was proposed by the current NSW government to determine an
updated count of the number of wild horses in Northern Kosciuszko Park where 85% of the
population are known to reside. A meeting was scheduled so an independent methodology could
be discussed.

The independent methodology proposed (See appendix 1) using a hybrid methodology of what
NPWS are currently doing (without changes) and adding in what Victoria parks are doing using

photographs to identify horses. Using two methods helps to alleviate the bias that can occur in
one method.

The survey area would be the same flown on previous annual head counts by NPWS
The flight path would be the same flown on previous annual head counts by NPWS
The same simultaneous-double count method would be used

The same pilot and observers previously used by NPWS would be used

PwnpE

There were three additional requests:

1. Anindependent wildlife photographer would be in the helicopter and photograph the
wild horses seen

2. Anindependent witness would also be in the helicopter

3. The recount flight would be conducted twice on two consecutive days

Having a photographer and flying over two days would allow the application of a
secondary surveying method known as mark-resight which has previously been used by
CSIRO and Victoria Parks.

ALL recommendations were rejected however in doing so NPWS completely criticized
their own work.

Questions that need answering as a result of the NPWS responses

Why would NPWS not have an independent witness / photographer in the helicopter at
no extra cost?

Why would they not provide any evidence of the actual number of wild horses seen
without any modeling?
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How will NPWS make any counting efforts transparent when they turned down the offer
of free photographs to undertake reliable population estimates?

A. NPWS criticized their own sample area

Since 2014 NPWS have been conducting annual head counts (excluding 2015) of the wild horses
using the map below. In the NPWS response to the independent methodology they criticised their
own work stating that “The proposal will not provide an estimate of the wild horse population
across the park given the sample area is limited to the north of the park only”

CONCERN: If the sample area in the map below which NPWS have been using since 2014 will not
provide an estimate of the North of the park why are they using it repeatedly?

= T
Horse Count Flight
June 2627 2020

B. NPWS criticized their own flight path

The independent methodology proposed using the existing flight path that NPWS have been using
in the annual head counts since 2014. In the NPWS response to the independent methodology
they criticised their own work stating that “A total transect length is discussed however the single
transect does appear to be systematically or randomly allocated, which introduces bias as it is
not a representative sample”

CONCERN: If the flight path in the map above which NPWS have been using since 2014 will not
provide an estimate of the North of the park why are they using it repeatedly?

C. Contradiction of modelling assumptions
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The independent methodology proposed using the existing flight path that NPWS have been using
in the annual head counts since 2014. In the NPWS response to the independent methodology
they criticised their own work stating that “The proposal will not provide an estimate of the
population in northern Kosciusko National Park given the sample area is limited to the open
canopy habitats only and the sampling is ill-defined”.

However, as stated earlier the assumption in the population estimates is “the report is horse
density is zero in NON-surveyed areas”.

CONCERN: If the flight path and survey area in the map above which NPWS have been using since
2014 will not provide an estimate of the North of the park why are they using it repeatedly?

D. Contradiction of CSIRO work

The independent methodology proposed using an estimator for the population known as the
Lincoln-Petersen estimator. NPWS criticised CSIRO published work stating that “The Lincoln-
Petersen estimator was proposed in the 1890’s though is now outdated as it assumes equal
detectability of groups and leads to biased estimates. It has been superseded by more modern
estimators for use in mark-resight techniques that can address this problem”.

CONCERN: NPWS criticized a CSIRO publication stating that it was outdated yet the publication
was independently peer-reviewed and made available in 2008.

Michelle J. Dawson and Cameron Miller. Aerial mark-recapture estimates of wild horses using
natural markings. Wildlife Research, 2008, 35, 365-370.

E. Application of mark-resight surveying

The independent methodology proposed using mark-resight (as in the above reference) and as
applied by Victoria Parks but NPWS stated that “Mark-resight is feasible and cost-effective for
relatively small populations of wild horses because a high proportion (>30%) of the population
(i.e. potentially large numbers of animals) needs to be individually identified”

However, if the NPWS population head counts are applied through to 2021 then as of August 2023
there would only be 759 horses in the north of the park. This would require only ~300 photos per
day which given the photographer stated that they could produce between 5-7000 photos a day,
300 is achievable.

2014 - 1637

2015 (not done)

2016- 2199

2017- 2144

2018-2791

2019- 3110

2020- 2468

2021- 3699 total removed until June 2023 = 444 + 859 + 747 = 1649
A further 890 slaughtered = 759 remaining August 2023

NPWS also responded stating that “when populations have been significantly reduced” mark-
resight will be applied.
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CONCERN: If the Kosciuszko Wild Horse Heritage Act 2018 states that 3,000 must remain in the
park, and according to the NPWS numbers there are only 759 wild horses remaining:

1. 759is <3000
2. Mark-resight could be applied
3. Photographic evidence could be publicly provided

4. Transparency to the NPWS annual head could would be applied

Why then is this not being done?

E. FINAL RECOMMENDATION

Immediate moratorium on the killing of
all wild horses in the Australian Alps, an
urgent independent recount (with
imagery) be undertaken and an
independent investigation into all
population trends and subsequent
control needs to be urgently conducted.
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APPENDIX 1

Methodology re-count wild horses Northern Region Kosciuszko National Park

1. Rationale for methodology

A physical count is the gold standard for assessing the number of animals in a wild setting and as the
National Parks and Wildlife Service (NPWS) have been undertaking physical counts almost every year
since 2008 it is proposed to follow a similar methodology as previously undertaken by NPWS. It is
important to use consistent methodologies over time to ensure comparison of populations changes
can be made from 2008 onwards.

2. Survey area

The survey area will cover the Northern Kosciuszko region where over 85% of the wild horse
population reside according to NPWS. Flight map paths are provided (see Appendix 1) from the
previous physical counts conducted by NPWS.

The survey will cover the Plains where wild horses can be seen more easily from the air and are
generally more prevalent. The areas to be surveyed include: Cooleman, Currango, Kelly’s, Gulf,
Nungar, Blanket, Boggy, Kiandra, Tantangara, Wild Horse and Long Plains. This survey will not cover
areas where horses are less easily observed and is considered secondary habitat such as timbered
areas and steep slopes.

The survey will be conducted using a helicopter requiring a total of six passengers (One pilot, two
observers, one photographer and one independent witness). The same observers and all passengers
will be in the helicopter on all flights.

3. Survey timings

The survey will occur in October 2023, and all transects will be flown twice on either consecutive
days or one day apart when the weather is considered to be as similar as possible. The total flying
time is approximately 6 hours commencing at 8am with breaks during refueling stops. If the weather
deteriorates then the survey will be delayed until the next day when the weather was similar to the
first survey. Should more than 3 days pass the first survey will need to be repeated.

4. Survey transects

The total flight distance will be 740km with the survey transects from the previous year being used
as a guide for navigation. Flying height will be between 150-200m as consistent with previous NPWS
physical counts.

5. Data collection and counting methods to be applied.

Combining two techniques that integrate individual methods will help alleviate any flaws inherent in
a single given technique. Therefore, this recount will apply two methods:
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a) Simultaneous double-count (which has been previously used by NPWS for all the physical
counts since 2008). This method involves two observers making observations of the wild
horses. Both observers make observations without alerting the other observer when a wild
horse has been observed. Caution must be taken to avoid any cueing such as unusual head
movements that would alert the other observer thereby changing the likelihood of
independently detecting the wild horses. This gives both observers an equal chance to see
the group. The photographer will also be given an equal chance to observe the horses.
Information to be recorded will include a unique identifier (a uniqgue number given to each
group to identify it from others) the number of wild horses, time and location (using
waypoint from GPS).

b) Mark-resight survey method (which has been previously used by Parks Victoria, Dawson &
Miller 2008). This method involves flying each map twice on two consecutive days or one day
apart where Day 1 is the “sight” opportunity and day two is the “re-sight” opportunity. Once
the wild horse(s) have been sighted the helicopter will fly slowly in a high circle around the
wild horse(s) to ensure photographs and video footage can be taken with a minimum of 5-35
photos per group of wild horses or individual horse prior to the horses dispersing (the
circling pattern must be done in a way as to prevent the dispersing of the horses) to ensure
distinct markings are evident in the photos to uniquely identify all individual horses. A count
is also made of the horses while the helicopter is hovering. Information to be recorded will
include a unique identifier (a unique number given to each group to identify it from others)
the number of wild horses, time and location from GPS, along with the number of
photographs and the photograph numbers as well taken at that location.

Equipment: Photographs will be taken using a Canon ___. The photographer will sit next to
the pilot on left hand side of the helicopter which will be the same side as the observers. It is
anticipated that approximately 5,000 photos will be taken on each day.

Video footage will be taken using . Video footage is recommended by Dawson and
Mille (2008) to support the mark-resight technique.

NOTE: Both methods must be applied to ensure there is statistical rigor to the recount therefore there
needs to be discussion between NPWS, the photographer and the independent witness as how best
to configure the seating arrangements to ensure both the simultaneous double-count and mark-
resight can be undertaken. Without imagery, both still and video, verification of the observed horse
cannot be undertaken.

c) The physical count numbers of wild horses observed in all previous NPWS surveys from 2008
onwards will be included and reported to investigate population changes

d) The total number of wild horse removals will also be included and reported since 2008 and
be mapped to the population data provided by NPWS to ensure a valid population chart can
be developed from 2008 onwards demonstrating all physical counts and all removals.

6. Analysis method

All data record sheets and photographs will be reviewed after the survey by NPWS, the
photographer, the independent witness and ____ . Identifying features of each horse within each
group will be examined to determine which horses were seen once (either on day 1 or day 2) and
which were seen on both days (See appendix 2 and 3). To help determine if horses were re-sighted
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the group size, composition and location of the group will be used as well. Combining all of this
information gives observers confidence in the reliability of their identification of individuals.

The lowest count between the two observers will be taken (Victoria Parks also take the lowest value
of the two observers). It is noted that that the survey is covering areas where the wild horses are
known to be more prevalent and would over-estimate the population therefore taking the minimum
between the observers will help counter this effect.

Population size will be estimated using the Lincoln-Petersen estimator of the Chapman Estimator in
order to allow for heterogeneity in sighting probability between the observers. No statistical
modelling of the raw count data will be undertaken, and both the raw count and the population
estimate will be reported.

The Lincoln-Petersen estimator
The Lincoln-Petersen estimator provides a way to measure wild populations of individual animal
species when using the mark-recapture methodology. The assumption is made that the proportion of
marked animals in the second sample is the same as the proportion of marked animals to non-
marked animals within the whole population.
nl= number of animals first marked in the first sample (the number of identifiable wild
horses seen in the first flight)
n2 = number of captured animals in the second sample (the total number of wild horses
seen in the second flight)
m2 = number of marked animals in the second sample (the number of identifiable horses
from the first flight that were seen in the second flight)
N = total population
N =n1x(n2/m2)

Example calculation:
n1=1000
n2=900
m2=850
N=1000 x (900/850)
N=1058

The above estimator requires 5 assumptions to be met: (1) the population must be closed, that is no
births, deaths, immigration or emigration between the two sampling days, (2) all individuals have the
same probability of capture in one of the two samples, (3) identification by marking in the first
survey does not affect the probability of sighting in the second survey, (3) wild horses do not lose
markings between the two surveys and (5) all markings will be recorded in both events.

A further assumption to this methodology is that the population of horses in the secondary habitat
such as timbered areas and steep slopes will be considered to be 0. This was the assumption in
previous population work undertaken by NPWS.

1. Reporting

Reporting of all horses seen will be provided using a design similar to the table below. Detailed maps
will be provided demonstrating where all horses were observed along with a cross-referenced excel
document with GPS locations and unique identifiers.

Table 1: Horse sighting numbers Northern Kosciuszko.

23



It is proposed that this table is replicated for all 11 locations: Cooleman, Currango, Kelly’s,
Gulf, Nungar, Blanket, Boggy, Kiandra, Tantangara, Wild Horse and Long Plains as well as a

table showing the total for the entire survey region.

Sighting detail Number Formula
label
The number of animals first marked in the first sample (the nl
number of identifiable wild horses seen in the first flight)
The number of captured animals in the second sample (the n2
total number of wild horses seen in the second flight)
number of marked animals in the second sample (the m?2

number of identifiable horses from the first flight that were
seen in the second flight)

The total number of observations recorded

The total number of individual horses seen

Figure 1: A column and line graph showing the population over time observed by NPWS and the

removals similar to the graph below.
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Appendix 1: Flight paths maps from 2014, 2016, 2017, 2019 and 2020.
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Appendix 2: Horse marking identification chart
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Appendix 3: Colour chart for horses

Black
Blackmhavepunblackcomswilhnosi@sofbmwnoranyothaoolor.Mnnyborse-peoplcmistakcdarkbaysorliverchsmms
for black. lfywcansecanyolhercolor(wilhmenoepﬁonofwhilemmkings)onthchorsc'scoalinthcwimer.heisnolam:ebhck.
'I‘hcmasonlsay"inlhcwimet"isbewuseﬂlesamtmdsloliglﬂenadarkhome‘scoalinthcsunumr.andlhccxwp(imiswhcnthe
hair has been sun-burnt.

Bay
Bayhommnﬁomliglumddishorm:hads(odarkm'nandmabogmylawumﬂmdcs.Bayhorsesnlwayshcblsckpoints
(legs, muzzle, mane and tail, and the tips of their ears are black). Many bay horses have black legs that are covered by white
markings.

Dark brown coat, reddish or black highlights, black points.

Chestnut, (also known as "sorrel"), is reddish brown. The points (mane, tail, legs and ears) are the same color as the horse's body
(other than white markings). Chestnuts range from light yellowish brown to a golden-reddish or dark liver color. All chestnuts have
shades of red in their coats
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