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Introduction 

Aerial surveys of feral horses in the Australian Alps have been conducted in 2001 (Walter, 

2002), 2003 (Walter, 2003) and 2009 (Dawson, 2009), initially by Michelle Dawson (née 

Walter), as part of her PhD studies, and later again under contract to the Australian Alps 

Liaison Committee (AALC). 

The results of the surveys, particularly the 2009 aerial survey, which estimated that there 

were 7,679 horses within the Australian Alps National Parks, have always been highly 

contentious with many stakeholders critical of the validity of survey results and subsequent 

population estimates. The criticisms were mainly to do with the precision of the population 

estimate, as well as the selection of the survey area. As a consequence the AALC decided 

that for the 2014 aerial survey to change the survey area and design to improve the accuracy 

and precision of the population estimates. 

The survey area was increased to encompass the entire known distribution of feral horses in 

the Australian Alps, except for a small population of around 55 - 83 animals on the Bogong 

High Plains, Victoria (Parks Victoria 2015) and an estimated 10 – 30 horses in the Dinner 

Plain/Cobungra area. Areas of very steep terrain, some of which were included in the 

previous surveys, was excluded for the planning of the 2014 survey to ensure that the 

required constant height and aircraft speed for a helicopter survey could be maintained. 

There were some changes necessitated by Occupational Health and Safety (OH &S) 

requirements for helicopter operations.  

These changes included the placement of an air safety observer into the front of the aircraft, 

which resulted in an altered seating and sighting configuration for the two horse observers. 

The AALC recognised that the changes to survey design and methodology make direct 

comparisons with the previous surveys difficult, but considerations of the rate of change of 

the population were considered to be of secondary importance relative to the accuracy and 

precision of the population estimates.  

As well as improving the accuracy and precision of the estimate of the feral horse population 

across the whole Australian Alps, a second objective of the survey was to provide separate 

estimates of horse abundances in the northern Kosciuszko National Park (KNP) and the 

southern section of the park that abuts the Victorian border. Previously, owing to the low 

sampling effort and low number of sightings, only a whole-of-Alps estimate for the horse 

population was determined, which resulted in highly imprecise estimates for sub-sections.  
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1. Survey Areas 

The survey area for the 2001-2009 surveys was based on anecdotal reporting and 

observations of horses made by Michelle Dawson and a number of other individuals with 

experience and knowledge of feral horse occurrence in the Australian Alps: 

“The current distribution map was compiled over several years (1999-2001). Initially 

NSW and Victorian wildlife atlases were searched, and Dyring’s (1990) maps were 

reviewed. Then discussions were held with local managers and park users to better 

determine boundaries. I targeted people with a long association with the area and 

an interest in wild horses. These estimates were checked by personal observation 

over much of the range between 1999 and 2001…… All areas where horses are 

known to occur within the boundaries of the Australian Alps National Parks were 

surveyed except Talbingo and Byadbo in Kosciuszko National Park. Talbingo and 

Byadbo were not surveyed because the horses are in very low densities and the 

terrain is very rugged” (Walter, 2002). 

Overall, the areas for the surveys conducted in 2001, 2003 and 2009 were very similar (Table 

1); although three transects in northern Kosciuszko National Park that were surveyed in 

2001 were omitted in 2003 and 2009: 

“There were minor modifications to transects that were flown in previous years to 

account for range expansion and to exclude areas that have been flown in the past 

but were not suitable horse habitat” (Dawson, 2009, page 4).  

 

Table 1. Areas of the feral horse surveys conducted in the Australian Alps in 2001, 2003 and 

2009 

 Year Area (km²)  

 2001 2,789  

 2003 2,717  

 2009 2,860  

 

For the 2014 aerial survey, the AALC decided to include all areas of public land in the 

Australian Alps that were known to harbour horses, not just those areas that occur within 

the Australian Alps National Parks, so that an estimate could be provided for the whole 

Australian Alps. 

In New South Wales (NSW), the Bago Plateau, comprising Bago and Maragle State Forests, 

part of Kosciuszko National Park (identified as “Talbingo” in Walter 2002) along with 

adjacent areas of leasehold land were all known to support substantial populations of feral 

horses. Staff from the NSW Forests Corporation and from the NSW National Parks and 

Wildlife Service (NSW NPWS) were consulted regarding the inclusion of the Bago Plateau 

and the northern extremities of Kosciuszko National Park and adjacent Bondo State Forest in 

the survey.  

In 2012, Parks Victoria, in consultation with local experts, mapped the estimated distribution 

of feral horses in Victoria (Ethos NRM 2012). This exercise revealed that previous aerial 

surveys had covered less than half the area likely to be occupied by horses in the Victorian 
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Alps (only 1177km2 surveyed in 2009 of the estimated 2889km2 likely to be occupied by 

horses). Feral horses were known to occur in the state forests adjacent to the Alpine 

National Park as well as in the national park itself. These areas along with others not 

previously surveyed because the density of horses had been assumed to be low, such as the 

Snowy River valley and Byadbo in the south east of Kosciuszko National Park, were included 

in the 2014 survey. 

Those parts of the Australian Alps in both NSW and Victoria that were thought to harbour 

feral horses were combined for the 2014 survey. Figure 1 shows the 2014 likely current 

distribution of feral horses based on expert advice and recent observation (red lines) in 

comparison to the 2009 survey area (blue parallel lines); the 2014 survey areas are shaded 

grey. 

 

Figure 1. The 2014 horse distribution area (red borders) in relation to the previous surveys 

(blue lines). The greyed out areas were surveyed in 2014.  
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Those parts of the map (Figure 1) within the boundary of the horse distribution not greyed 

out were too steep to conduct a helicopter survey (green or yellow) or comprised private 

land (white), and so were not surveyed. For an aerial survey to be accurate, the aircraft must 

maintain a constant ground speed and height over ground. Over very rugged terrain, where 

the gradient exceeds 20%, this requirement is sometimes impossible to maintain, even with 

a helicopter. As a result, those parts of landscape within the horse distribution where the 

gradient exceeded 20% were not surveyed. It is possible that there may be horses present 

within these landscapes, but their numbers were not estimated in this survey. 

 It is also important to note that the areas of steep terrain generally support tall forest with a 

shrubby understorey and are not considered to be primary horse habitat; with the potential 

exception of some creek lines. Horses are known, however, to traverse these steep areas. 

Table 2 gives the areas of each of these categories and illustrates that 72% of the known 

horse distribution area was surveyed whilst 28% of the known distribution area was 

unsurveyed due to its steep terrain and assumption that horse presence and density in these 

steep areas was likely to be relatively low. 

 

Table 2. Survey areas along with the proportion of suitable horse habitat within them 

Subregion Survey area 

(km²) 

Horse distribution 

area (km²) 

Ratio of survey area to 

distribution area (%) 

Bago Maragle  847  948  89 

North Kosciuszko 1,366 1,549  88 

Snowy Plain  123  123 100 

Byadbo-Victoria 2,959 4,946  60 

Snowy River Valley  134 (included in the figure 

above) 

 – 

Total 5,429 7,566  72 

 

Figure 1 illustrates that parts of the landscape surveyed between 2001 and 2009 were not 

included with the 2014 survey area, particularly in the survey block that straddles the 

Victorian/NSW border. As already noted, these areas had gradients that exceeded 20%. An 

examination of the helicopter GPS track logs from the earlier surveys showed the aircraft 

circling on a number of occasions, with the constant ground speed and altitude 

requirements not being met on some survey transects in this area. 

One criticism made of the previous surveys by some respondents was that poor quality 

horse habitat (shrubby forest on steep terrain) was included in the total survey area which 

was unlikely to support a significant horse population. The previous aerial survey analyses 

provided a single horse density per square kilometre, which meant that the overall estimate 

could have been inflated by the inclusion of unsuitable or low quality horse habitat. 
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A comparison of Tables 1 and 2 shows that the horse survey area had more than doubled 

from 2,860 km² for the 2009 survey to 7,566 km² for the 2014 survey, illustrating that 

considerable effort (and expense) was made to survey as much of the feral horse 

distribution as possible and ensure that the final population estimate was as accurate and 

precise as possible. 

 

2. Survey Options  

Walter (2002) investigated the use of three different survey methods for estimating feral 

horse populations. These were strip transect sampling, line transect sampling and a form of 

capture-mark-recapture (CMR) sampling. Strip transect sampling is the simplest of these 

methods, which involves flying an aircraft along a transect and counting horses observed in a 

strip on the ground that is delineated by a sighting bar attached to the aircraft (see, for 

example, the bars shown in Figure 2). The aircraft is flown at a constant ground speed and 

height over terrain. So long as the survey protocol remains constant, the density of horses 

estimated in the survey strips can be extrapolated to the wider survey area. A critical 

assumption underpinning this method is that all horses within the survey strip will be seen 

and counted. 

 

Figure 2 – Sighting bars used for line transect sampling attached to a helicopter 

Line transect sampling is similar but considered superior to strip transect sampling in that it 

accepts that all the animals within a nominated survey strip are not observed. This method 

uses the data on how far observed animals are from the transect centreline to 

mathematically compensate for the diminishing sightability of animals further away from the 

aircraft on the survey strip.  

In relation to the aerial survey of horses, CMR sampling uses the number of animals seen by 

one observer and the number seen by the second observer compared with the number seen 

by both observers (within the transect strip) to estimate the population size. This method 

requires that these two observers are seated in tandem on the same side of the aircraft; the 
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forward observer “marking and releasing” animals to be “recaptured” by the second 

observer.  

 

As a result of this investigation, both Walter (2002) and Walter & Hone (2003) 

recommended that line transects sampling be used for feral horse surveys in the Australian 

Alps. The other two methods were found to underestimate horse abundance because of 

diminishing sightability of horses further from the transect centreline. 

Laake et al. (2008) recommended an approach be used in which CMR analysis and line 

transect sampling are combined to compensate for undercounting of horses on the transect 

centreline. Although the 2009 survey took place after the release of this recommendation, 

the data were not analysed using the new approach, but were analysed using the same 

methods that were used in 2001 and 2003, presumably to maintain continuity of analysis 

methods. 

To ensure compatibility with previous surveys, the AALC decided to use helicopter line 

transect sampling for the 2014 survey; with some modification to the method to meet OH&S 

requirements for low level flight operations. Line transect sampling is a widely accepted 

method with a strong theoretical basis (Buckland et al. 2001). It has been used extensively 

for estimating the abundance of a large number of animal species, particularly over large 

areas (http://distancesampling.org/dbib.html ). Its use has increased with the development 

of the DISTANCE data analysis program (Thomas et al. 2010). The 2014 survey was designed 

and analysed using the program DISTANCE 6.0 (Thomas et al. 2009) 

 

3. Survey Design  

The principal aim of the project was to design a cost-effective survey that would produce 

reasonably accurate and precise estimates of the numbers of feral horses in the survey area 

(Figure 1). The precision the AALC sought to achieve was a coefficient of variation (CV) of 

20%. The data from the 2001-2009 surveys were used to develop a number of different 

designs to meet both transect configuration and target level of precision goals. Designs that 

yielded likely CV’s of 17.5% or 20% in using systematic random parallel transects or zigzag 

configurations were considered (Cairns, 2015). Some of these designs, particularly those 

associated with the higher level of precision, were rejected because of cost. In the final 

design, with the exception of the survey of the Snowy River Valley, all survey transects were 

consistent with the 2001-2009 surveys and flown in an east-west direction. Parallel east-

west transects could not be flown across the Snowy River Valley due to the steep slopes that 

form the sides of the valley, which would result in violations of both OHS and analysis 

requirements. Instead short transects were flown diagonally down the valley; a 

configuration based upon an equal-spaced zigzag design. 

 

http://distancesampling.org/dbib.html
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Figure 3. The plains of the North Kosciuszko survey block (lighter, tawny areas on the image) 

 

Except for part of the North Kosciuszko block, the distance between adjacent transects was 2 

km; as was the case for the 2001-2009 surveys. Within the North Kosciuszko block there are 

large open plains, separated by forested ridges and hills (Figure 3). The plains of this survey 

block are regarded to be prime habitat for horses and are known to support a relatively large 

high density population. For example, between 2010 and 2013, non-systematic helicopter 

observational counts of horses conducted over these plains in August/September averaged 

1,422 sightings of horses each year. Analysis of the 2001-2009 data suggested that more 

transects were needed to provide a population estimate with an acceptable level of 

precision than would be possible with transects spaced 2 km apart. Consequently, in the 

open plains part of the North Kosciuszko block transects were separated by 1.5 km, rather 

than 2 km.  

A study conducted in New Zealand by Linklater and Cameron (2002) in the Kaimanawa Valley 

suggested that even though horse flight response from a helicopter averaged 1 km, horses 

could potentially flush more than 2 km. However, the relevance of the study as a precedent 
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for determining the distance between transects in northern KNP is debatable because of its 

small study area (a basin of 20.5 km² compared to the 748 km² of open plains and wooded 

hills in this study), but mainly because of the manner in which the helicopter was flown. The 

transects in New Zealand study were 300 m apart, and “if necessary, they requested the pilot 

circle a group of horses so that group size could be confirmed” ( Linklater and Cameron 

2002). Surveying horses using a helicopter flying back and forth every 300 m in a valley 

where the helicopter is visible to all the horses all the time and then circling groups would 

have a high likelihood of inducing flight response behaviour. In contrast the helicopter in the 

2014 surveys flew straight line transects about 20 km long without deviation and, at a 

minimum, 1.5 km apart.  

It is the understanding of the AALC that horses in the Kaimanawa Valley have been mustered 

biennially using helicopters since 1993. As a result of this, it may be that the behaviour of the 

Kaimanawa horses is not the same as that of horses that are not mustered aerially, such as 

those in the Australian Alps. 

Further to this, Montague-Drake (2004) found in an aerial survey of Bago and Maragle State 

Forests that the majority of horses did not flush at all and that that only 10% of horses 

flushed more than 100 m. During the conduct of the 2014 survey, the aerial safety observers 

(sitting in the left-hand front seat of the aircraft) saw that several horse groups which were 

grazing directly beneath the flightpath did not move at all and were therefore not counted in 

the survey. The horse-counting observers (in the rear seats on either side of the aircraft) 

cannot see directly beneath the aircraft since they are sitting inside the cabin, with the 

transect they are observing being offset to the side of the aircraft and delineated by the 

marks on the sighting bar (Figure 2). The AALC considered it unlikely that the estimate of 

horses in North Kosciuszko wold be affected by horses being flushed from one transect to 

the next and being counted twice. This very low risk was considered an acceptable trade-off 

against the increased precision of the survey. 

 

4. Survey Methods  

The aerial surveys of the four Australian Alps survey blocks were conducted as helicopter 

surveys during the periods 2-8 April and 5-15 May, 2014. 

Two observers seated in tandem on one side of the aircraft, as in the 2001-2009 surveys 

were not used in the 2014 survey. Occupational health and safety (OH&S) requirements for 

low level flight operations dictated that an aerial “safety” observer/navigator, as opposed to 

a “horse-counting” observer be in the front seat of the aircraft to assist the pilot spotting 

hazards (e.g., eagles, powerlines, etc.) and for making the required half-hourly flight 

following radio calls. To maintain a constant heading, ground speed and height, the pilot has 

to spend a considerable portion of the time looking at the instruments, rather than looking 

“out the window”. A (very) large helicopter would have sufficient room to permit tandem 

observers counting from the same side of the aircraft, but helicopter hiring costs are such 

that this option was not affordable within the allocated budget. The consequence was that 

undertaking a CMR survey and analysis, or a combined CMR-line transect survey and analysis 

was not possible. 

To maximise the proportion of the landscape sampled (i.e. to improve the precision of the 

final estimate) and to avoid possible underestimation (Buckland et al. 2001), there was an 
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observer on either side of the aircraft with a calibrated sighting bar on each side to define 

the transect to be observed. The seating of the observers in relation to the left-hand and 

right-hand side of the aircraft was allocated randomly for each survey session. 

The helicopter flew at a lower height than in previous surveys (61 m rather than the 100 m) 

so as to improve horse sightability. The aircraft flew at a ground speed of 93 km/hr (50 

knots), rather than 100km/hr of the previous surveys. Horse observability is also likely to be 

improved at the lower height and slower ground speeds. This height and ground speed 

configuration is standard for kangaroo surveys. 

All allocated transects were flown during the survey. The surveys were usually conducted 

across two flight sessions within the period 0900-1630 hours.  

The aerial horse observers used in the 2014 survey, are both highly experienced aerial 

observers. They have participated in the aerial surveys for the NSW NPWS kangaroo 

management program for more than 10 years, in which kangaroos are identified to species 

level during surveys conducted on the tablelands, western slopes and western plains of 

NSW. Before being allowed to participate in kangaroo aerial surveys, the skills of a potential 

observer are tested and calibrated against existing qualified observers. 

The two observers occupied the two rear seats of the helicopter and counted horses seen on 

either side of the aircraft, within specified perpendicular distance classes from the transect 

line. Sightings of horses were recorded into the 0-20 m, 20-40 m, 40-70 m, 70-100 m and 

100-150 m distance classes, perpendicular to the transect centreline. The distance classes 

were delineated on metal booms extending from either side of the helicopter (Figure 2), 

which were calibrated by the helicopter entering a hover at 61 m, and adjusting the sighting 

bars for observer position against tapes spaced at the appropriate intervals on the ground.  

The distance classes used were different from those used in the previous surveys, which 

were 0-50 m, 50-100 m, 100-150 m and 150-200 m. The distance classes were changed to 

better define the shape of the detection function which is critical for line transect sampling. 

As shown in Figures 4 and 5, the detectability of clusters (“cluster” is the Distance program 

term for a group of one or more animals) of horses declines from about 20 m perpendicular 

to the transect centreline. The survey strip was 50 m narrower than that used in the 

previous surveys, as it was considered that the likelihood of successfully spotting horses in 

open forest beyond 150 m from the transect line was marginal (see, for example, Figures 4 

and 5), especially in light of the result of the 2009 survey (Dawson, 2009), for which the data 

from the 150-200 m distance class were not used in the analysis.  

The observations of horses and any other large mammal species (excluding kangaroos, wild 

dogs and wombats) were logged using a voice-recorder. Ancillary information also recorded 

included whether the horses were sighted under tree cover or in open habitat and (as an 

index of general visibility) the proportion of cloud cover (in “octas”) at the end of each 

transect. For example, the observer, on spotting a mob of horses, might state “three horses 

20-40, two horses 40-70; trees”, or “four horses 100-150; open”. Voice-recorded 

information was transcribed at the end of each survey session. The survey transects varied 

widely in length from slightly less than 1.0 km to up to 51 km. No rest breaks were taken by 

the observers on any transect during the survey sessions. 
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5. Data Analysis  

The analysis of distance sampling data involves: 

I. the estimation of the detection probability of groups of animals within the transect 

width;  

II. then the estimation of the density of animals within the covered area given this 

detection probability; and 

III. the estimation of the number of animals in the survey region given the density of 

animals in the covered area (Borchers and Burnham 2004) 

In order to estimate the probability (Pa) that a group of animals within the covered area of 

width w (the nominal survey strip) will be observed, the detection function g(x) representing 

the probability that a cluster of horses at perpendicular distance x from the survey transect 

is detected (where 0 ≤ x ≤ w and g(0) = 1) needs to be modelled and evaluated at x = 0. 

(Thomas et al. 2002). To do this, the sampling data (i.e. the counts of groups of horses) were 

analysed using DISTANCE 6.0 (Thomas et al. 2010). 

Because the sighting of horses was recorded as clusters, estimation of expected cluster size 

for use in the determination of density and abundance can be problematic. The obvious 

estimator, the mean size of detected clusters, may be subject to size bias. If larger clusters 

are more detectable at greater distances from the survey transect than are small clusters, 

then mean size(s ) of detected clusters will be a positively-biased estimator of expected 

cluster size (Buckland et al. 2001). To cater for this issue the expected group size (E(s)) is 

determined using the regression of logarithm of group size (ln(s)) against the estimated 

probability of detection (g(x)). 

If the observed sizes of detected clusters are independent of distance from the survey line 

then the sample mean cluster size is taken as an unbiased estimator of the mean size of 

clusters in the study area. If, however, the observed sizes of detected clusters are found to 

be dependent upon the perpendicular distance from the survey line (e.g., only large clusters 

were observed further from the transect line, inferring that smaller clusters might have been 

missed) a calculated group size is determined using the regression method described above 

(Buckland et al. 2001).  

This approach differs from that used in relation to the previous surveys, which all used 

different ways of estimating group size. In 2001, the distance calculated (regression of group 

size/detection function) group size was used to estimate the population size. In 2003, 

“expected group size was adjusted by assuming that the same proportion of individuals 

within groups were missed in the pre- (2001) and post- (2003) fire surveys” (Walter, 2003). 

Presumably, this means that the group size was the 2003 observed figure multiplied by 

(2001 ground estimate/2001 air observed estimate). In 2009 Dawson stated that “I used 

mean group size estimates from ground surveys in 2001 (5.65 ± 0.51SE) in the 2009 

calculations after comparing the observed group size of both observers in 2009 to 2001”.  

The AALC decided to use the 2014 horse survey observers’ data to calculate group (cluster) 

size, rather than rely on the 2001 ground-based estimates that had been variously used in 

relation to previous surveys. There was a concern that these ground based estimates, having 

been developed at only three sites that are all primarily high quality horse habitat (Currango 

Plain, Big Boggy and Cowombat Flat), over-estimated group size across the Australian Alps. 

Walter (2002) does not discuss where and how the ground-based estimates of group size 
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were derived other than stating that “In brief, data were obtained during 18 days of 

intensive area counts of study sites”.  

If the estimates were based on averaging the figures for Currango, Big Boggy and Cowombat, 

where the population dynamics studies were conducted, it is highly likely to be biased by the 

larger group sizes evident on the open plains of northern Kosciuszko National Park. The 

ground-based figure would only be unbiased if a third of the total area surveyed are open 

plains with high horse abundance, like Currango. Only 11% of the 2014 survey area 

comprised open plains. Most of the habitat was forest (where no ground based estimates of 

group size have been made) with scattered open clearings in frost hollows and along river 

valleys. On a more general note three sites are probably insufficient to adequately represent 

any biological parameter over the horse survey area of 5,429 km². 

It is possible that over the entire 2014 survey area, the group (cluster) size figure was closer 

to three than six horses, as is evident from the aerial observations of group size noted in 

Walter (2002): “For North Kosciuszko, mean observed group size was 6.38 ±1.23SE (n=16) 

while South Kosciuszko and North Victoria were 3.00±0.57SE (n=22) and 3.00 ±0.45SE (n=11), 

respectively”. 

Given that the ground-based figure was estimated 12-14 years before the 2014 surveys, 

there was also the potential for group (cluster) size to have changed in response to the 

increase in the horse population and impacts of management through trapping and removal. 

The AALC considered undertaking a more detailed assessment of group size, but due to the 

increase in survey area requiring more than double the helicopter time (and OH&S 

requirements to use a more powerful machine), budget constraints prevented any 

reassessment of group size.  

The data were also analysed using individual animals to assess whether estimation of group 

size influenced the overall population estimate. The estimates obtained were similar those 

obtained analysing clustered data. This approach, however, is not normally recommended as 

the variance usually increases (Southwell and Weaver 1993). 

Data were analysed using both the conventional distance sampling (CDS) and 

multicovariates distance sampling (MCDS) analysis engines in DISTANCE 6.0 (Thomas et al. 

2010). The data from each of the four survey blocks were combined for the purpose of 

modelling the detection function and the survey blocks were treated as separate strata for 

the purpose of estimating the densities and abundances of horses.  

The analysis using the range of detection function model options available within both the 

CDS and MCDS analysis engines were compared serially in order to determine the most 

parsimonious (i.e. the simplest and best) detection function model and, hence, the most 

likely and accurate estimates of population density and abundance. The model with the 

lowest value for a penalised log-likelihood in the form of Akaike's Information Criterion 

(AIC= -2 x log-likelihood + 2[p +1]; where p is the number of parameters in the model) was 

selected as the detection function. 
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6. Results  

A total of 2,817 km of transects were flown across the four survey blocks, with 305 clusters 

of horses (a cluster is defined as one animal or more in distance class) being sighted. The 

distribution of these sightings of horses in relation to the two observers and the habitat 

occupied by horses at the point of sighting within each block is given in Table 3. Overall, 128 

(42%) of the clusters of horses were observed in open habitat, with the other 177 (58%) 

being observed in tree cover. 

 

Table 3. Counts of clusters of horses sighted during the helicopter surveys of the strata 

within the four survey blocks. Counts are distributed on the basis of sightings in relation to 

the factors of observer (Observer 1 and Observer 2) and habitat occupied by horses at the 

point of sighting. 

 

Survey block 

Observer 1 Observer 2  

Open habitat Tree cover Open habitat Tree cover Total 

North Kosciuszko     104 

Open-cover stratum 30 22 28  4 – 

Tree-cover stratum  4  6  9  1 – 

Snowy Plain –  1 –  3  4 

Bago-Maragle 21  7  8  2  38 

Byadbo-Victoria     159 

Tree-cover stratum 16 69 12 52 – 

Snowy River Valley –  4 –  6 – 

 

Although the overall performance of the two observers in relation to the north-south 

aspects of the survey transects was similar across survey blocks (P = 0.131), they differed in 

relation to the habitat occupied by the horses at the time of sighting (P = 0.009). This was 

taken into consideration in the analysis process through the use of the MCDS analysis in 

DISTANCE 6.0.  

The most parsimonious global detection function model was determined (using the MCDS 

analysis engine) to be a multiple-covariates model that had a Half-normal key function with 

no series adjustment, but included the two factor covariates of observer (Observer 1 and 

Observer 2) and habitat (open and tree cover).  

The forms of the detection functions are shown in Figures 4 and 5. Here, the influence of 

habitat on sightability is quite obvious; the differences between observers, although present, 

would appear to be more subtle. Examination of all four detection function curves shows 

that there is some heaping of observations in the 0-20 m distance class. However, this does 

not appear to represent what would be described as unrealistic spike in the data. Checking 

this by pooling the data for the first two distance classes to form a single 0-40 m distance 

class produced an outcome similar to that originally obtained. 
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For Snowy Plain and Bago-Maragle, no size bias was detected in the estimation of cluster 

size across the transect width, so the means of the size of clusters counted during the 

surveys were used to determine the population densities of horses. For North Kosciuszko 

and Byadbo-Victoria, size bias was detected in the estimation of cluster size across the 

transect width, so an expected value of group size based on the relationship between cluster 

size and the estimated probability of detection was used. 

The size range of the clusters counted was 1-13; with larger groups being encountered wider 

out on the survey strip in distance classes > 70 m. The expected cluster sizes were in the 

range 1.98-3.19 horses (Table 4). 

 

Table 4. The expected sizes (E(s) ± SE) of clusters of horses counted on the survey transects 

with each of the four survey blocks. Given along with the estimates of E(s) are the size 

ranges of the groups sighted, the correlation coefficient (r) and the P-values for the 

assessment of the significance of the linear relationship between ln(s) and estimated 

probability that a cluster of horses at a given distance from the transect centerline is 

detected (g(x)). 

Survey block E(s) Range r P-value 

North Kosciuszko 3.19 ± 0.08 1 – 13 -0.136 0.084 

Snowy Plain 2.50 ± 1.50 1 – 7 0.325 0.662 

Bago-Maragle 2.55 ± 0.31 1 – 6 -0.083 0.310 

Byadbo-Victoria 1.98 ± 0.11 1 – 10 -0.207 0.004 
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Figure 4. The Half-normal detection functions for groups of feral horses sighted by Observer 

1 in open habitat and tree-cover habitat. 
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Figure 5. The Half-normal detection functions for groups of feral horses sighted by Observer 

2 in open habitat and tree-cover habitat. 

The densities of clusters of horses and the corresponding population densities in each survey 

block are given in Table 5, and the horse population estimates are in Table 6. The highest 

density of horses was in the North Kosciuszko block, where it was two to three times that 

estimated for the other survey blocks. This is similar to the findings of the previous surveys 

conducted by Dawson (2009). 
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Table 5. Results of the helicopter line transect surveys of feral horses conducted in the four 

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) along with their 95% bootstrap confidence intervals and coefficients of variation 

(CV%). 

  Group density (km-2) Population density (km-2) 

Survey block Area 

(km2) 

Ds 95% confidence 

interval 

CV (%) D 95% confidence 

interval 

CV (%) 

North 

Kosciuszko 

1,366 0.97 0.67-1.31 16.8 3.11 2.03-4.31 18.7 

Snowy Plain  123 0.40 0.10-0.72 42.9 1.01 0.10-2.38 65.2 

Bago-Maragle  847 0.58 0.30-0.92 26.6 1.49 0.69-2.32 29.1 

Byadbo-

Victoria*  

3093 0.60 0.46-0.76 12.4 1.18 0.89-1.57 14.5 

Total 5,429 0.68 0.56-0.83 10.2 1.70 1.34-2.08 11.3 

* Including the Snowy River Valley 

 

 

Table 6. The population estimates (N) for each of the survey blocks.  

Survey block Area (km2) N 95% confidence interval 

North Kosciuszko 1,366 4,247 2,777 – 5,893 

Snowy Plain 123  124 13 – 293 

Bago-Maragle* 847 1,263 588 – 1,964 

Byadbo-Victoria 3093 3,821 2,868 – 5,090 

Australian Alps 5429 9,455 7,484 – 11,595 

* Including the Snowy River Valley 

 

The analysis of individual animals (to avoid the issues with estimating the size of clusters of 

horses) provided a very similar result. The population in the survey area was estimated to be 

9,520 horses (95% CI 7,529 – 11,814) with a CV of 11.5%.  

The co-efficient of variation (ratio of the standard deviation/mean) of 11.3% for the final 

estimate for the whole survey was much better than anticipated, and was more than double 

the precision of previous surveys. The precision of the North Kosciuszko block was 18.7%, 

which was a little better than was expected based on the previous survey results. Only 26 

observations of groups of horses were made in north Kosciuszko in 2009, compared with 104 

in this survey, providing much more data to calculate an estimate. 
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As the Byadbo-Pilot-Victoria survey block crossed the NSW-Victoria state border, the horse 

density estimates and a geographic information system (GIS) must be used to determine the 

approximate number of horses in each State. Around 7,150 horses were estimated to occur 

in NSW and 2,350 horses to occur in Victoria. There are approximately 6,150 horses in 

Kosciuszko National Park, and 1,000 horses in Bago and Maragle State Forests in NSW. 

 

6.1. Other Species  

There were a number of isolated observations of other animals, including feral pigs (Sus 

scrofa), cattle (Bos taurus), feral goats (Capra hircus) and deer (species not recorded). There 

were only sufficient sightings of deer in the Byadbo-Victoria block to estimate the size of the 

deer population (Table 7). No other species were recorded often enough to calculate a 

population estimate. Based on observations by local NSW NPWS and Parks Victoria staff, 

both sambar deer (Rusa unicolor) and fallow deer (Dama dama) occur in the block.  

 

Table 7. Results of the helicopter line transect surveys of feral deer conducted in the 

Byadbo-Victoria survey block in May, 2014. 

  Population density (km-2) Population abundance 

Survey area Area 

(km2) 

D 95% confidence 

interval 

CV (%) N 95% confidence 

interval 

Byadbo-Victoria 3,093 0.84 0.54-1.21 20.6 2,660 1,754-3,906 

 

7. Discussion  

The change in the population in the Alps between the 2009 and 2014 surveys is of some 

interest. A direct comparison is not straightforward, since there were a number of changes 

to the 2014 survey to improve on the previous work. The most important of these changes is 

the difference in the survey areas and the decision not to survey those parts of the survey 

blocks where there are very steep gradients. The other difference that affects the estimates 

is the decision to use the observers’ data to calculate group size, rather than use the 2001 

ground-based estimate. To undertake a comparison the 2009 data were re-analysed using 

the observer data to calculate group size (Cairns, 2015). 

There are two ways the changes in survey area can be compared. The simplest way is to 

adjust the 2014 density estimate to include all the steep terrain, which lowers the density. 

The comparison is then between two surveys that do not consider the influence of terrain on 

the horse population. The adjusted 2014 density estimate is then multiplied by the 2009 

survey area to provide a population estimate, which is then compared with the (re-analysed) 

2009 estimate, and a rate of change of the population calculated. The results are shown in 

Table 8. 
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Table 8. The horse density in 2009 compared with 2014 

  

The density figures for the 2014 data are different to those provided in     

Table 5 because they are adjusted to include the steep terrain, which was included in the 

earlier surveys (2001-2009). This increases the area, and therefore reduces the density 

slightly, giving a conservative estimate of the rate of increase in the population. 

To calculate a rate of change of the population 10,000 draws were made from a log-normal 

distribution with means equal to the density estimates and standard deviations equal to the 

standard errors of the estimates of density. The density estimates were converted to 

population estimates by multiplying by the survey area, and rates of change calculated for 

each of the 10,000 draws. The finite rates of change of the populations for the two areas are 

shown below in Table 9, as well as the probability of the population increase exceeding 

replacement: 

Table 9: The finite rates of change of the horse population between 2009 and 2014. 

 

The alternative approach to compare 2009 and 2014 results is to use a geographic 

information system (GIS) to determine the 2014 survey area within the 2009 survey area 

(see Figure 1, which shows that the 2014 survey area within the boundary of the 2009 

survey area is smaller), and calculate an estimate for the number of horses within the 2009 

survey area based on the 2014 density estimate for that block. This figure is then compared 

with the 2009 (re-analysed) estimate for the block, and an annual rate of change calculated. 

The results are shown in Table 10. 

 

Table 10. The horse density in 2009 compared with 2014 (GIS analysed) 

Survey area 2009 horse density (km-2) 2014 horse density (km-2) 

North Kosciuszko 2.33 2.90 

South Kosciuszko 

(Byadbo)-Victoria  

1.13 0.87 

 

Using the alternative calculation the finite rates of change are shown below in Table 11. 

Survey area 2009 horse density (km-2) 2014 horse density (km-2) 

North Kosciuszko 2.33 2.74 

South Kosciuszko 

(Byadbo)-Victoria  

1.13 0.77 

Survey area Finite rate of change (λ) (and 95% CIs) Pr( λ) ≥ 1 

North Kosciuszko 1.04 (0.88, 1.24) 0.70 

South Kosciuszko (Byadbo)-Victoria  0.93 (0.83, 1.04) 0.11 



20 
 

Table 11: The finite rates of change of the horse populations between 2009 and 2014 using 

the alternative method to compare the 2009 and 2014 survey area. 

 

The differences in the results between the calculation methods are small and given the 

variation in the data (i.e. CVs in 2009 between 25-40% and in 2014 between 15-19%) the 

figures can be treated as equivalent. In the north Kosciuszko block there was an increase of 

4-6% per annum, and in the Byadbo-Victoria block there was an apparent decline of 5-7% 

per annum.  

However due to the large area of poor quality habitat surveyed in 2014 in the Byadbo-

Victoria block that was not surveyed in 2009 it is highly likely that the calculated rate of 

change of the population is an unreliable estimate. The change in the horse density is not a 

result of a decline in the horse population, but rather affected by the increase in survey area 

in Byadbo-Victoria from 1829 km² to 3093 km². Most of the increase in area is in the Byadbo 

Wilderness, which has an annual rainfall approximately half of rainfall of the areas surveyed 

in 2009 (with completely different vegetation), due to being in the rain shadow of the Great 

Dividing Range. As a consequence of the low primary productivity, the Byadbo area appears 

to have a lower density of horses.  

The figures for the north Kosciuszko block are more reliable even though the area surveyed 

increased from 774 km² to 1366 km². The increase in area was in similar habitat to the 2009 

survey area, making the comparison more meaningful. Given the variation in the data it is 

possible that horse density has not changed greatly over the period. However it should be 

noted that 1886 horses were trapped and removed from the north Kosciuszko block 

between 2009 and 2014 (i.e. 44% of the number estimated to occur in 2014). 

Horse numbers in the Alps were not estimated over steep terrain. However, the only way to 

make a valid comparison with previous surveys is to revise the density estimates so that 

steep terrain is included.  

The unsurveyed area is 2,137 km2, approximately 28% of the total horse distribution in the 

Australian Alps. The estimates provided may underestimate of the size of the horse 

population in the Alps, but perhaps not by a great margin. It is not possible to use aerial 

surveys to estimate horse numbers in very rugged terrain and other techniques must be 

used, such as habitat utilisation studies using horses carrying GPS collars. 

 

 

 

 

 

Survey area Finite rate of change (λ) (and 95% CIs) Pr( λ) ≥ 1 

North Kosciuszko 1.06 (0.89, 1.25) 0.74 

South Kosciuszko (Byadbo)-Victoria  0.95 (0.85, 1.07) 0.20 
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8. Recommendations  

 The Snowy Plain block is too small to sample effectively by aerial survey, and should 

be eliminated from future surveys. The 95% confidence limits on the population 

estimate were 13-293 horses, and of little utility. 

 The precision was better than anticipated. To lower the costs of survey, a reduced 

number of transects could be flown if a precision of 20% was considered acceptable. 

This would mean increasing the spacing between transects.  

 That the AALC continue its efforts and support research to develop a cost-effective 

wild horse survey technique at a smaller scale to provide population and density 

estimates at a catchment or sub-catchment level that would be useful for ongoing 

population management. 

 Investigate, monitor and consider the use of new technologies as they become 

available such as drones, infra-red imagery, etc. to assist with providing wild horse 

population estimates and densities that are useful for ongoing management.  
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