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This submission addresses two points from the terms of reference: (b) and (di).

Profile: | am a full-time biostatistician and PhD candidate within the field of Medical
Statistics. | have been working in medical statistics for the last 8 years and specialise in
the analysis of complex time based data examining trends. | have provided my expertise
into this report as an independent biostatistician and have drawn on over 25 years of
experience in analysing data including military, biological, education and medical data.

Brief overview of the submission: This submission involved extensive literature research
and the use of data from the Department of Planning, Industry & Environment New South
Wales Commercial Kangaroo Harvest Management Plan Quota reports as well as data
from 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.” Analysis was undertaken using
Microsoft Excel and the Statistical Package for Social Sciences (SPSS) (IBM Corp. Released
2020. IBM SPSS, Statistics for Windows, Version 27.0. Armonk, NY: IBM Corp).

Summary of findings:

1. The current method for population estimates for all macropods should be revised
and thereafter follow international recommendations.

2. All sample locations for estimates should be mathematically derived and include
all predicting covariates in the models (For Example: The SPEI, The Standardised
Precipitation-Evapo-transpiration Index)

3. Trends over time show significant decline in populations and any estimates taken
from these trends should use the most appropriate mathematical model of fit for
trend lines and take into consideration the change in survey methods and human
interventions into topography (i.e. cluster fencing) over time.

4. All mathematical and statistical methodology of the reports should be investigated
by an independent statistician(s).

Independent investigation into all population trends over time and subsequent
quotas need to be urgently undertaken to ensure the survival of the species and
avoid extinction.

Biostatistician, PhD Candidate — Medical Statistics
M. Epi, Grad Dip (VET), Grad Dip (Stat), B. Ed. (Mathematics)
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SECTION 1

TERMS OF REFERENCE

b) The accuracy with which kangaroo, and other macropod, numbers are calculated
when determining population size, and the means by which the health and wellbeing
of populations is assessed.

A. Correction Factor

The correction factor of 1.85 which has been applied by the Kangaroo Harvest
Management assumes that for every individual kangaroo spotted a further 0.85 of a
kangaroo was not spotted. Literature has demonstrated that serious bias can occur
when applying a single correction factor (1) especially when this is done across all
covariates such as density and different species. Aerial surveys regularly do not attempt
to accurately estimate these biases, namely (a) sighting probability bias where there is
low probability of spotting single or small groups of animals and less conspicuous
animals and (b) visibility bias where the population is concealed by obstructions such as
vegetation and therefore not visible (2). These variable detection probabilities caused by
the above mentioned range of factors, can compromise the validity of the population
estimates especially comparing over space and time (1), The use of aerial surveying
methods violates a critical assumption to obtaining reliable estimates, being that the
probability of detecting an animal on and near the transect is usually less than one )
and therefore any estimate obtained in this method would be unreliable. Also, of serious
concern is that the current correction factor does not take into account any additional
factors such as drought ©),

Inaccuracies from the use of correction factors may be large which is of serious concern
as these estimates are used to determine management procedures ?), Jachman et al.
found that when repeat observations were undertaken on the same species there were
a number of factors affecting visibility which differed between counts (2’ demonstrating
that the bias was never constant and therefore applying a constant correction factor
would not correct for the bias.

In 1997 a study was done by Clancy et al. comparing aerial surveys with land surveys at
only 5 sites for kangaroos and wallaroos with 4 of those conducted during winter and
summer and one conducted during autumn. This study found no significant difference
on population estimates between the two methods in summer and winter for either
kangaroos or wallaroos. The one and only site which investigated population estimates
during autumn found that aerial surveys during this one and only season were
approximately 50% lower than the ground estimates. Of serious concern is that the most
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recent Northern Tablelands survey (2019) of wallaroos was conducted during spring and
therefore statistically there is insufficient evidence to apply the correction factor. Only
one other study in 1998 has tried to verify this correction factor research and was not
peer-reviewed or published.

CONCERN: The Clancy et al published peer-reviewed article which Cairns references is
the only paper upon which the 1.85 correction factor is based. The Department of
Primary Industries (DPI) should not statistically be applying a static correction factor of
1.85 on the Wallaroo population estimates at all times of the year. The use of a 1.85
correction factor virtually doubles the wallaroo count and this methodology has limited
scientific backing being based on one report which was published nearly 25 years ago,
could not be replicated in peer reviewed literature and is not applicable at any more
than five sites and only during three seasons of the year.

CONCERN: The revised Department of Planning, Industry and Environment 2021 Quota
report issued a correction back-dating the use of the correction factor to 2008 claiming it
had not been applied. The inconsistent application of a seriously concerning
mathematical method raises even more issues on population estimates and
corresponding quotas.

B. Alternative methods for obtaining population estimates

The current correction factor method clearly provides concerns over the reliability of
population estimates. Literature has demonstrated that use of imagery, either by way of
airborne videos, remotely sensed or satellite photography, ) provides many benefits
over the human-counted aerial helicopter method and subsequent correction factor
currently used

The use of mathematical algorithms instead of a set correction factor has been clearly
demonstrated in the literature. Tracey et al. demonstrated the use of algorithms instead
of correction factors which take into account a range of factors such as group size,
vegetation and observer. Eikelboom et al demonstrated that the use of an animal
detection algorithm outperformed humans in detecting from the air when used in
conjunction with imagery.

The literature search clearly demonstrated that the use of imagery (either airborne,
remote sensed or satellite imagery) along with mathematical algorithms (that take into
consideration drought / rainfall, topography, available water) would provide many
benefits:
a. Permanent unchanging record of animal locations and abundance in time

and space

Reduction in time required by personnel

Aid in tracking patterns of animals across natural systems




Kangaroo Inquiry submission

d. Would take into consideration drought, rainfall, topography, available

water etc

Improved estimates of population size

Decrease in costs °)

g. Observations of unlimited land space rather than relying on individual
transects (the selection of which may be subject to bias)

h. Decrease in costs ©°)

oo

CONCERN: Countries globally (USA, South Africa and Kenya) are using imagery and
mathematical modelling to provide for more accurate population estimates which are a
permanent record. This should be applied in New South Wales.

C. Transect location selection

For a sample to be considered reflective of the population it needs to be chosen so that
the area of the sample can be extrapolated to the entire population. Therefore, the
choice of location for the transects to be undertaken is of utmost importance to ensure
that the sample is reflective of the actual population. The DPI have stated that only 4.8%
of a zone may be surveyed — statistically this is extremely small and justification is
needed as to how 4.8% of the zone would be reflective of the entire zones
heterogeneity.

CONCERN: How each location for each transect (detection zone) is chosen should be
mathematically determined and should take into consideration the following (as a
minimum):
i The type of macropod being estimated:

a. Involving its movement

b. Feeding availability

c. Water availability

d. Vegetation / coverage

ii. The climatic influences:
a. Drought
b. Floods
c. Fires, etc
iii. Impact of helicopter noise on the animal’s movement
iv. Samples of the proportion of land covered by the specific transect and how
the specific transect can be then applied to the total land area which matches
it.
All these variables need to be considered to determine where and when to undertake
the survey and be publicly available.
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D. Consideration of climatic factors in the mathematical / statistical modelling.

The Standardised Precipitation-Evapo-transpiration Index (SPEI)® is globally recognised
as an indicator for drought and takes into consideration many variables to determine the
index. Details from the Northern Tablelands report (2019 — page 20) named only three
covariates which were taken into consideration “namely observer, habitat cover at
point-of-detection and cloud cover”. This does not consider climate impacts such as
drought or floods, which is of serious concern. Additionally, the surveys are only done
every three years and therefore the Quota estimates for 2021 do not take into
consideration the severe bushfires which devastated NSW in the summer of 2019-2020.

Conflicting statements in the DPI reports raise serious statistical concerns from a
modelling perspective and contradict the population estimates provided.

1. “If drought persists for more than six months, wallaroos stop breeding until the
drought breaks”
2. “Dry climatic conditions can greatly reduce numbers”.

However, the graph below shows clearly that a 269% population increase (~90% per
annum) in wallaroos was recorded during drought conditions. Wallaroos breed at
approximately 8-10% per year in normal conditions!”). Along with this, the DPI clearly
stating that they stop breeding during times of drought means that the population
estimates in the Northern Tablelands for wallaroos are not statistically or biologically
possible.
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* Red column graphs above the zero line indicate non-drought periods, whereas columns
below zero indicate drought conditions.

CONCERN: All mathematical models should include the covariates which are predictive
of the outcome. The lack of “drought” index included in the model, as the department
stated it did not include, is of serious mathematical / statistical concern.

E. Multiple survey methods

Multiple survey methods have been used over the years to produce the estimates. This
is concerning for extrapolation with the DPI clearly stating that three different methods
have been used between 2003-2016. Long term averages are therefore not reliable
given the change in methods of surveying.

CONCERN: The population trends and quotas are based on 40 years of data which have
been collected using different methods and therefore cannot be “averaged” over time.
Different methods of counting result in statistical concerns which need to be addressed
using various modelling and this is essential for any time trends to be reliable.

Data for the following was taken from the Department of Planning, Industry &
Environment 2021 Quota Report New South Wales Commercial Kangaroo Harvest
Management Plan 2017-2021 versions numbered 190709 and the updated (error
corrected) 200485.

A. Population estimates of Red kangaroos

Using the above-mentioned data and working through the tables containing calculations
in the report, mathematical errors and statistical anomalies were investigated which
show serious concern in the population estimates.

a. Please refer to the diagram below (Table A3a Red Kangaroo temporal
variation Lower Darling) from page 24 of the original report (190709) and
see the population estimate for 2019. This is clearly a statistical outlier, in
that is it lies more than 3 standard deviations away from the mean. It
also requires a population increase of 265% in one year.
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b. However, now please refer to the third diagram below (Table 20 Red
Kangaroo temporal variation) from page 24of the revised report (200485)
where the estimate has been revised down to 691119, which is a
reduction of 39%.
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B. Definition of strata

For all statistical / mathematical reports a definition of how calculations are performed
should be included with justification. The Central Tablelands report section below
mentions three strata: low, medium and high, however the classifications for these were
based on only one survey and it does not appear to have been updated since. Instead it
has been applied over and over again in the following 4 surveys.

Central Tablelands

The initial helicopter survey of the Central Tablelands management zone was completed
in 2008. It was designed to provide separate population estimates for the Hunter—
Mudgee— Merriwa and Central Tablelands areas, allowing the Central Tablelands zone to
be managed as either one or two zones. Since its commencement on 1 June 2009, the
area has been managed as two zones (Central Tablelands North and Central Tablelands
South).

These two zones were surveyed again in September 2011, 2014, 2017 and 2020. The
survey design incorporated the information gained from the initial survey in the
delineation of low, medium, and high population density strata, allowing for improved
precision in the population estimates. The population estimates and densities derived
from 2020 helicopter survey are shown in Table 7.

CONCERN: Validation of the mathematical and statistical modelling in the report cannot
be undertaken if definitions of how calculations were performed were not included with
justification. Along with this, statistical methods applied to multiple surveys across time
should be validated each time to ensure they are statistically appropriate each and every
time.

C. SC Cairns study and comment on research

In 2011 a study was conducted by SC Cairns where 922 female red kangaroos with joey
were shot at locations all across Australia as an experiment to see the extent to which
reproductive success increases with age. However, prior to 2011 there was extensive
literature ® clearly demonstrating that reproductive success increases with age. In the
2011 publication Cairns did not take into statistical consideration time variables such as
drought or access to food and also did not consider statistically the population estimate
of the kangaroos in that location and concluded that “research is not the best insurance
policy against overharvest and unwanted side-effects” going on to say that research is
never-ending. The design of the study is evident of SC Cairns’ lack of knowledge into
research as taking a sample of 922 from across the entire country cannot in any way
produce statistically or biologically plausible answers.

10
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E. Methodology of: 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.” S. C. Cairns, D. Bearup & G. W. Lollback.

As a mathematician / biostatistician this report raises serious concerns:

1. Mathematical modelling: When determining population estimates through
modelling the report states that there were only three covariates “namely
observer, habitat cover at point-of-detection and cloud cover”. However, in Glen
Inness 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. This modelling is of serious concern given globally methods of allowing
for covariates such as the SPEl index are considered essential.

2. Below is Table 3 from the report, which states that only 11 and 13 Red-necked
wallabies were visibly seen in Armidale. The reports states that this was
considered “high enough” to do population estimates on. Applying statistical
models to data requires various assumptions, with such a small count (n) for the
model the model fit would be of significant concern.

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

Raw counts
Kangaroo Number Survey Eastern Common Red- Swamp
management of effort grey wallaroos necked wallabies
zone transects (km) kangaroos wallabies
Glen Innes
High 30 225.0 910 107 84 46
Medium 34 255.0 951 101 53 30
Armidale
High 37 2775 1,030 54 11 19
Medium 22 165.0 667 118 13 123
Upper Hunter
High 35 175.0 534 58 16 30
Medium 37 2775 506 70 21 13

3. The 2019 report references the 2016 report of the same study and states that
the coefficient of variation (CV) in the 2016 report was as high as 49% (2016).
This is of serious mathematical concern as it clearly demonstrates that the
heterogeneity of the samples is flawed and therefore the work cannot draw any
valid statistical conclusions. The population estimates and quotas set from the
2016 report onwards are not statistically valid.

4. In the report the discussion around the variation found acknowledges the
“variation in the general sightability” of macropods in relation to the differing













Kangaroo Inquiry submission

1. Linear regression equation used to calculate extinction dates where
possible
2. R?to show the fit of the trend line (how well the data represents the
trend of the data over time — the closer to 1 the better).
3. Percentage changes over time for statistical outliers, statistical and
biological implausibility.
4. How and when the two trend lines (population estimates and quotas)
intersect or come very close.
Table 13: Population estimates and
trends in abundance for western grey
kangaroo on the Western Plains, 1997-
2019
3
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CONCERN: Within this geographic location (Gilgunnia) an exclusion fence was erected
covering 500000 acres (177000 hectares) and 18 licenses were issued to harm kangaroos
—the impact of these two factors need to be mathematically taken into consideration for
quotas.

21
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Table 48: If kangaroos breed at 8-10% per annum which is agreed upon by conservation
biologists, how is it biologically plausible that the population increased in 2012 by 72%

and then in 2013 by a further 116%, even if drought conditions had ceased this breeding
rate is not plausible?

24
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Table 49: Summary commercial take:
wallaroos (Northern Tablelands)
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Table 49: Prior to the DPI “determining” they made an error on the population
estimates, using linear regression analysis and extending the regression line 2 years
ahead the intersection of the two lines will be in December 2022 — this means that the
wallaroos in the Northern Tablelands will be extinct next year. Note this data was before
the “correction factor” was applied retrospectively 13 years after the DPI realised they
made a mistake back in 2008. After they backdated the correction factor Day 0 for the
wallaroos is December 2034.
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SECTION 2

TERMS OF REFERENCE

d) Current government policies and programs for kangaroo management, including:

(i) the method used for setting quotas for kangaroo culling,

A. Thresholds for management and factors influencing estimates

Thresholds for management of commercial quotas are based on using the standard
deviation from the mean. Quote from the report: “To manage commercial quotas, the
thresholds are based on densities of kangaroos, calculated as the number of kangaroos
per square kilometre at the time of the aerial survey. There are two thresholds,
representing increasingly significant population declines. Threshold 1 is set at 1.5 standard
deviations below the average density. Threshold 2 is set at 2.0 standard deviations below
the average density”.

In order to use the standard deviation, it requires fitting a linear trend line to the data and
assuming a constant average over the entire time period. Using the Western Grey
kangaroo in the Western Plains as one example, the linear trend line has been fitted with
95% confidence intervals which show the spread (reliability) of the data. The fit of the
trend line is measured using R?, the higher the R? (closer to 1) the better the fit. As can be
clearly seen the fit of the red trend line is 0.236 or 23.6%, which is very low and would not
be considered a good / reliable trend line for the data. When a cubic model is fitted to the
data (green) the trend of the population is better represented as the fit of the line is
49.1% - over 2 times as better fit.

For the management thresholds to be determined, the mathematically accurate trend of
the population needs to be taken into consideration and that includes using the most
appropriate mathematical model and the corresponding 95% confidence intervals. These
confidence intervals take into consideration the sample size at each time point and
therefore are more reflective of the variations caused by many factors.

26
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SECTION 3

All recommendations in the table below are mathematically and statistically based upon
available evidence from the Department of Planning, Industry & Environment

Section | Sub-section Heading Recommendation
1 Counting Correction The correction factor should not be
methodology Factor applied to any population estimates on

wallaroos as it is not statistically
validated across all seasons of the year
and all locations within the zone.

Alternative All population estimates should follow

methods for international recommendations of

obtaining using imagery either airborne, remote

population sensed or satellite imagery along with

estimates mathematical modelling to determine

cost effective and accurate estimates as
well as providing a permanent record
for research.

Transect line
selection

Transect location and size should be
determined mathematically and must
take into consideration the type of
macropod, climatic influences and style
of data capture.

. Consideration

of climatic
factors in the
mathematical /

The SPEI, The Standardised
Precipitation-Evapo-transpiration Index,
which is applied globally for population
estimates in modelling should be

statistical applied to macropods.
modelling
Multiple survey | Trends over time of population
methods estimates must statistically take into
consideration the change in data
capture methods.
Mathematical Population As per sub-section A for section 1
errors / estimates above:
queries / All population estimates should follow
research international recommendations of
concerns using imagery either airborne, remote

sensed or satellite imagery along with
mathematical modelling to determine
cost effective and accurate estimates as
well as providing a permanent record
for research.

28
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Definition of
strata

Mathematical justification of the strata
and its consistent application should be
justified at all times either in the report
or as publicly available supplementary
material to the report.

SC Cairns study
and research

All investigators involved should have
independent experts support and verify
their research with clear referencing
and ethics.

Errorin
percentage
calculations
from revised
quota report

Errors in government published reports
should not occur and should be
acknowledged and corrected.

estimate in one
year

Methodology The mathematical and statistical

of the Northern | methodology of the report should be

Tablelands investigated by an independent

reports 2019 statistician.

Triennial survey | As outlined for sub-section A above;

concerns All population estimates should follow
international recommendations of
using imagery either airborne, remote
sensed or satellite imagery along with
mathematical modelling to determine
cost effective and accurate estimates as
well as providing a permanent record
for research. Therefore, triennial
surveys would not need to be
undertaken.

. Zones for All zones should clearly state all

wallaroos population characteristics for all
macropods to ensure correct sampling
sizes are chosen.

Double All populations estimates should be

population investigated for statistical outliers /

abnormalities.

Population
estimates
and
trajectories

. Trends in data

from the
Department of
Planning,
Industry &
Environment
2021 Quota
Report New
South Wales

Independent investigation into all
population trends over time and
subsequent quotas needs to be
urgently undertaken to ensure the
survival of the species and avoid
extinction.

29
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Commercial
Kangaroo
Harvest
Management
Plan 2017-
2021.

2 C. Thresholds for | All thresholds need to be reviewed by
management an independent statistician or team of
and factors statisticians to ensure the survival of
influencing the species and avoid extinction.
estimates

D. Quota As for sub-section A
estimates from | Independent investigation into all
incorrect population trends over time and
population subsequent quotas needs to be
estimates urgently undertaken to ensure the

survival of the species and avoid
extinction.

OVERALL RECOMMENDATION

Independent statistical investigations into the New South
Wales Commercial Kangaroo harvest management plans
should be urgently undertaken.

30
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SECTION 4
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