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4 Himalayan Tahr Abundance in New Zealand 

1 Summary 

Context: 

The Himalayan Tahr Control Plan (Department of Conservation 1993) defines intervention 

densities in terms of number of tahr per km2 in each of seven management units (range: <1 to 2.5 

tahr per km2) and two exclusion zones (0 per km2) and sets a limit on total population abundance 

(10,000 animals).  Prior to this study, insufficient information existed to determine whether tahr 

numbers in each management unit and exclusion zone exceeded these intervention densities or 

whether the total population abundance exceeded the limit.  

Aims:          

To estimate the density and abundance of Himalayan tahr on Public Conservation Land (PCL) in 
each of the seven management units and two exclusion zones in the Southern Alps of New 
Zealand.  

Methods:  

Aerial surveys to count tahr and other ungulates were conducted on three occasions at 66, 2 x 2 

km plots located on PCL during 2016, 2017 and 2018.  The repeat counts of tahr were used to 

estimate abundance, corrected for imperfect detection, using an N-mixture model for open 

populations (Dail & Madsen 2011).  Finite sampling methods were then used to estimate the total 

abundance of tahr in each management unit and exclusion zone (Skalski 1994).  This work 

updates a previous analysis that was based on data collected in 2016 and 2017 (Ramsey 2018). 

Results: 

• The total abundance of tahr on PCL for the period 2016 – 2018 was estimated to be 34,292 
individuals (95% confidence interval; 24,777 – 47,461).   

• Tahr abundances were highest in management units 3 and 4 (approximately 8,000 tahr in 
each), and were lowest in management unit 7 and the two exclusions zones (approximately 
100 – 150 tahr in each).   

• Average tahr density over the three years of sampling was highest in management unit 3 
(9.2 tahr/km2) and lowest in exclusion zone 2 (0.06 tahr/km2).   

Conclusions and implications: 

• Average tahr densities exceeded the intervention densities specified in the Himalayan Tahr 
Control Plan in all management units and in both exclusion zones, with the exception of 
management unit 7. 

• The estimated total population abundance of tahr on PCL clearly exceeds the limit of 
10,000 animals.  Moreover, the lower 95% confidence limit of the estimate of total 
abundance is more than double the limit of 10,000 animals. 

• Further work is currently being undertaken to investigate models of the relationship 
between tahr abundance and habitat characteristics.  Such models could provide more fine-
scale resolution of the variation in tahr abundance across the PCL. 
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2 Introduction 

Himalayan tahr (Hemitragus jemlahicus) were first introduced into New Zealand in 1904 and now 

occupy around 9600 km2 of the Southern Alps (Cruz et al. 2017). After commercial harvesting 

reduced tahr populations by around 90% during the 1960’s and 1970’s, the population increased 6-

fold following a moratorium on commercial harvesting in 1982 (Parkes 2009). Tahr are a declared 

wild animal under the “Wild Animal Control Act 1977”, which provides provisions for the control of 

introduced wild animals to protect against their damaging effects on native vegetation, soils, water 

and other wildlife (Department of Conservation 1993).  Tahr graze primarily on alpine tussock 

grassland (e.g. Chionochloa spp.) and caused widespread impacts on montane grasslands during 

the 1960’s when their densities were high (Parkes 2009).  However, impacts are still apparent at 

current population densities and tahr need to be controlled to lower densities to further reduce 

impacts on native vegetation (Cruz et al. 2017). 

The Himalayan Tahr Control Plan (Department of Conservation 1993) defines intervention 

densities in terms of number of tahr per km2 in each of seven management units (range: <1 to 2.5 

tahr per km2) and two exclusion zones (0 per km2) (Table 1). However, insufficient monitoring data 

existed to estimate tahr abundances on these management units and exclusion zones. To address 

that knowledge gap, aerial surveys of tahr and other ungulates were conducted at 66 sites 

monitored as part of the national Biodiversity Monitoring and Reporting System (BMRS) (Allen et 

al. 2013) during 2016, 2017 and 2018. These data were then used to estimate the density and total 

abundance of Himalayan tahr on PCL in each of the seven management units and two exclusion 

zones. This work updates a previous analysis that was based on the subset of 38 plots that were 

sampled in 2016 and 2017 (Ramsey 2018). We report results only for Himalayan tahr because this 

was the most abundant ungulate species and is the focus of active management by the 

Department of Conservation. Analysis of monitoring data for other ungulate species as well as data 

on ungulate faecal pellet surveys will be the focus of a separate report. 

 

3 Methods 

3.1 Plot selection 

The BMRS was developed to enable reporting on the status of native biodiversity and key threats 

(including pest animals) on New Zealand’s Public Conservation Land by collecting data at plots at 

the vertices of an 8-km grid superimposed over New Zealand’s Public Conservation Land (i.e. a 

spatially representative sampling network) (Allen et al. 2013). The origin of the grid was selected 

randomly. This design resulted in a total of 112 plots within PCL across the seven tahr 

management units and two exclusion zones (Table 1).  

Monitoring is conducted at a randomly-selected 20% of plots (without replacement) annually, such 

that all plots will be monitored once every five years. During 2016, 16 plots were sampled. A further 

22 and 28 plots were sampled in 2017 and 2018, respectively, giving a total of 66 plots for analysis 

(Figure 1).   
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Table 1. The seven management units (MUs) and two exclusion zones (EZs) defined in the Himalayan Tahr 

Control Plan (Department of Conservation 1993). ‘Plots’ is the number of 2 × 2 km plots on PCL that is expected 

to be sampled with aerial survey every five years (i.e., approximately 20% are sampled in each year).   

Unit/zone Name Intervention density  

(abundance) 

Plots 

MU1 South Rakaia/Upper Rangitata 2.5 km2 (ca. 2000) 12 

MU2 South Whitcombe 

Wanganui/Whataroa 

2.0 km2 (ca. 1500) 11 

MU3 Gammack/Two Thumb 2.0 km2 (ca. 3000) 16 

MU4 Mount Cook/Westland National Parks 

Adjoining PCL on Liebig Range 

<1.0 km2 (ca. <500) 18 

MU5 Ben Ohau 2.5 km2 (ca. 1800) 8 

MU6 Landsborough 1.5 km2 (ca. 900) 10 

MU7 Wills/Makarora/Hunter <1.0 km2 (ca. <100) 10 

EZ 1 North Rakaia/Mathais-North 

Whitcombe/Hokitika/Mungo 

>0 11 

EZ 2 South Of The Haast to Wanaka 

Highway 

0 16 

 

 

Figure 1. Location of the seven tahr management units (MU) and two exclusion zones (EZ) in the Southern Alps 

of New Zealand.  Red squares show the locations of the 66 2 x 2 km plots where aerial surveys of tahr were 

undertaken. 
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3.2 Aerial survey protocol 

The aerial survey protocol is described in detail elsewhere (Forsyth, Perry & McKay 2018 and 

references therein). Briefly, a 2 x 2 km plot was established at each site, with the centre of each 

plot being the vertex of the 8-km grid. Each 4 km2 plot was subject to three separate counts 

undertaken from a helicopter (usually a Hughes 500D or Hughes 500E) at least 10 days apart. This 

interval between successive counts at a plot was chosen to minimise the disturbance effects of the 

helicopter on tahr in the subsequent two counts at that plot. Counts were undertaken during 

February–June (with most completed by May), well after the 30 November median birth date 

(Caughley 1971). 

On each of the three sampling occasions the 4 km2 plot was systematically flown by the helicopter 

flying at about 40–60 knots and at 20–70 m from the ground (depending on topography and wind). 

The pilot and one primary observer, seated next to the pilot, searched for tahr and other ungulates. 

When ungulates were sighted, the primary observer counted the individuals and assigned them to 

species (and sex-age classes where possible, but that information was not used in the analyses 

reported here). A recorder, seated in the rear behind the primary observer, recorded the locations 

and other details of each group.  

3.3 Plot area 

Although each plot was nominally 4 km2 in area, this was the two-dimensional surface area of the 

plot. Due to the steep terrain on most plots, the actual surface area covered by each 4 km2 area 

could be considerably greater than the nominal 4 km2. Hence, to calculate the actual 3D surface 

area of each plot, each 2 x 2 km area was divided into 400 1-ha cells and the surface area of each 

cell calculated using a 15m digital Elevation Model (DEM). The 3D surface areas of each 1-ha cell 

were then added to give the 3D surface area for each plot. The 3D surface area was subsequently 

used for density calculations for each plot. 

 

3.4 Abundance estimation 

The total number of tahr counted within each plot, at each of the three sampling occasions, were 

used to estimate abundance corrected for imperfect detection using an N-mixture model for open 

populations (Dail & Madsen 2011). We assumed a simple exponential trend to model the changes 

in tahr abundance between successive sampling occasions (Humbert et al. 2009). Hence, the 

model was able to account for movement of tahr on or off the plot between the three sampling 

occasions.  This model differed slightly from the model used in Ramsey (2018), which decomposed 

the trend between sampling occasions into survival and recruitment components.  Thus, the 

current model has less parameters, which resulted in better numerical stability.  Further details of 

this model are provided in Appendix 1. 

For each plot, an estimate of average abundance was calculated as the mean of the estimates 

from the three sampling occasions. Tahr density for each plot was estimated similarly by dividing 

the abundance estimate by the three-dimensional area of each plot. To estimate the total 

abundance of tahr within each management unit / exclusion zone, we assumed that the sampled 

plots consisted of a stratified random sample of the total available plots that could have been 

sampled within each management unit, with management units forming the strata. We assumed a 

two-stage sampling design where the overall estimate of abundance within each unit was 

composed of two sources of error, the spatial variation in tahr abundance among plots within each 

unit and the estimation error associated with the abundance estimate for each plot. Total 

abundance within each management unit was then estimated as the mean plot abundance in the 
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unit multiplied by the total available plots within each unit. The total number of available plots within 

each unit was calculated by subdividing the two-dimensional area of conservation land within the 

unit into all possible 2 x 2 km plots. The mean tahr density for each management unit was then 

calculated by dividing the estimated abundance for each management unit by the two-dimensional 

area of the management unit.  Variance of the estimates of total tahr abundance and density within 

each management unit and overall abundance was calculated using finite sampling methods 

(Skalski 1994). More details on these calculations are provided in Appendix 2. 

 

4 Results 

4.1 Tahr density and abundance 

The mean density of tahr on each plot varied widely, from 0.02 to 26/km2 (Figures 2 & 3). However, 

precision of some of the mean density estimates was low due to the changes in tahr density over 

the three sampling occasions at some plots (Figure A1, Appendix 3). The corresponding mean 

density of tahr within each management unit was also variable, ranging from 0.16/km2 in MU7 to 

9.17/km2 in MU3 (Table 2).  The mean tahr densities exceeded the intervention densities specified 

in the Himalayan Thar Control Plan (Table 1) in all management units except MU7.  Mean tahr 

densities in the two exclusion zones were 0.19/km2 for EZ1 and 0.06/km2 for EZ2, both above the 

intervention density of 0 (Table 2). 
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Figure 2.  The average density of tahr (individuals/km2) on the area uniquely occupied by each of the 66 plots 

(black circles) sampled by aerial surveys during 2016, 2017 and 2018. The seven management units (MU) and 

two exclusion zones (EZ) are described in Table 1. 

 

 

Figure 3. The estimates of average tahr density (open circles) and associated 95% credible intervals (solid lines) 

on each of the 66 plots sampled by aerial surveys during 2016, 2017 and 2018. The plots are shown in 

descending order of mean tahr density. 
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Table 2. Mean density of tahr (tahr/km2) within each management unit and exclusion zone estimated from 66 

plots subject to aerial surveys during 2016, 2017 and 2018. SD – standard deviation; LCL – lower 95% 

confidence limit; UCL – upper 95% confidence limit; n – number of plots. The seven management units (MU) and 

two exclusion zones (EZ) are described in Table 1. 

Unit/Zone Density SD LCL UCL n 

MU1 8.54 2.88 4.41 16.54 7 

MU2 7.00 3.15 2.9 16.90 8 

MU3 9.17 3.01 4.81 17.46 11 

MU4 5.17 1.69 2.72 9.79 8 

MU5 8.47 5.90 2.16 33.2 5 

MU6 3.10 0.70 1.99 4.82 7 

MU7 0.16 0.09 0.06 0.47 7 

EZ1 0.19 0.16 0.04 0.97 4 

EZ2 0.06 0.02 0.03 0.12 9 

 

The estimated total abundance of tahr within management units and exclusion zones ranged from 

100 individuals in MU7 to around 8,000 tahr in MU3 (Table 3, Figure 4).  Abundance in the two 

exclusion zones was estimated to be around 100 – 150 individuals (Table 3, Figure 4). In general, 

the precision of the abundance estimates for individual management units has improved on the 

estimates in Ramsey (2018) with the addition of the 28 plots sampled in 2018. However, precision 

of estimates for some units was still low (e.g. MU5 had 95% confidence intervals of 993 – 15,274 

tahr). This was a consequence of small sample sizes for some management units relative to the 

total number of plots available for sampling, as well as the high spatial variation in abundance 

estimates among plots within a unit.  

The total abundance of tahr on PCL was estimated to be 34,292 (95% confidence interval; 24,777 

– 47,461) (Table 4).  This estimate is similar to that given in Ramsey (2018) who used data from 

the subset of 38 plots sampled in 2016 and 2017.  Despite the low precision for estimates of 

abundance for some management units, the precision of the estimate of overall abundance was 

reasonable, having a coefficient of variation (CV) of 17% (Table 4).   

 

Table 3.  Estimates of total abundance (N) of tahr within each management unit and exclusion zone based on 

monitoring data from 66 plots subject to aerial surveys during 2016, 2017 and 2018. SD - standard deviation; 

LCL - lower 95% confidence limit; UCL - upper 95% confidence limit; u - number of sampled plots; U - estimated 

number of plots available to be sampled.  

MU N SD LCL UCL u U 

MU1 6557 2211 3386 12699 7 192 

MU2 5798 2606 2402 13993 8 207 

MU3 7919 2603 4157 15083 11 216 

MU4 7666 2502 4043 14535 8 371 

MU5 3894 2715 993 15274 5 115 

MU6 2105 476 1351 3280 7 170 

MU7 100 53 35 284 7 152 

EZ1 150 125 29 768 4 197 

EZ2 103 36 52 204 9 408 
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Table 4.  Estimated total abundance (N) of tahr across the PCL during 2016, 2017 and 2018. SD – standard 

deviation; CV – % coefficient of variation; LCL – lower 95% confidence limit; UCL – upper 95% confidence limit. 

N SD CV LCL UCL 

34,292 5686 17 24,777 47,461 

 

 

 

Figure 4. The total abundance of Himalayan tahr within each management unit and exclusion zone based on 

monitoring data from 66 plots subject to aerial surveys during 2016, 2017 and 2018. 
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5 Discussion 

The Himalayan Thar Control Plan identified a “population of 10,000 over the entire range as a 

presently acceptable maximum” (Department of Conservation 1993: 2). The estimated tahr 

population reported here is only for the PCL, which is approximately 62% of the tahr breeding 

range as defined in Department of Conservation (1993). Hence, the total tahr population across the 

entire breeding range is likely much greater than estimated here. The tahr population on PCL 

(Table 4) clearly exceeds the 10,000 specified for the entire tahr range, with the lower 95% 

confidence limit more than double that value. 

Tahr densities were highly variable across the seven tahr management units.  Average tahr 

densities exceeded the thresholds defined in the Himalayan Tahr Control Plan (Department of 

Conservation 1993; Table 1) for all management units except MU7.  Average tahr densities also 

exceeded zero in both exclusion zones. There was, however, substantial uncertainty around the 

estimated density of tahr for some management units.  This uncertainty was most likely due to the 

chance sampling of high and low-density areas between years.  Tahr were also potentially subject 

to harvesting on all plots, and any mortality occurring between the first and third counts would have 

increased uncertainty in the estimates of tahr abundance on plots and hence for management 

units.   

The precision (coefficient of variation) of the tahr abundance estimates for each management unit 

and exclusion zone improved with the addition of the 2018 monitoring data.  As there were 

insufficient numbers of plots sampled per year to enable annual density estimates for each 

management unit, our estimate of overall abundance necessarily combined plots sampled in 

different years.  Hence, our estimates for each management unit effectively averages over any 

interannual changes in abundance that may have occurred.  There was no evidence of any large 

changes over the three-year sampling period. However, due to the high variation in density among 

plots, we could not make any strong conclusions about the magnitude of interannual changes.  

Once all plots have been sampled once, and data become available for the second round of 

monitoring for each plot, an in-depth analysis of population trends in each management unit can be 

undertaken.  

The variance in the estimates of abundance for each management unit and exclusion zone could 

potentially be further improved by stratification (e.g. habitat-based strata).  Hence, more detailed 

maps of available tahr habitat across the PCL would be required to undertake this stratification.  

Further work is also being undertaken to investigate models of the relationship between tahr 

abundance and habitat variables.  Such models could also provide an alternative means to more 

accurately map the distribution of tahr across each management area.     
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Appendix 1 

Abundance model 

The counts of tahr at each plot, at each time period, were used to estimate abundance corrected 

for imperfect detection using an 𝑁-mixture model for open populations (Dail & Madsen 2011). We 

treated each of the three replicate counts at each plot as potentially being open to movement 

(immigration/emigration) between sampling times. Hence, tahr abundance at each plot 𝑖 and 

sampling period 𝑡 (𝑡 = 1, 2, 3) was modeled as 

𝑦𝑖𝑡 ∼ 𝐵𝑖𝑛(𝑝, 𝑁𝑖,𝑡) 

where 𝑁𝑖,𝑖 is the abundance of tahr in each plot 𝑖 during sampling occasion 𝑡 and 𝑝 is the detection 

probability of tahr during aerial surveys.  In order to estimate abundance 𝑁𝑖,𝑡 at each sampling 

period 𝑡, it is assumed that abundance follows a first order Markov process where abundance at 

time 𝑡 was dependent on the abundance at time 𝑡-1, using an exponential trend model as follows 

 

𝑁𝑖,𝑖 ~ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝜆𝑖,𝑖) 

log(𝜆𝑖,1) = 𝜂𝑖 

log(𝜆𝑖,𝑡) = log(𝜆𝑖,𝑡−1) +  𝑟𝑖𝑇𝑖,𝑡−1 

logit(𝑝) =  𝜙 

𝑟𝑖 ~ 𝑁(𝜇𝑟, 𝜎𝑟) 

𝜂𝑖 ~ 𝑁(0, 5) 

𝜇𝑟 ~ 𝑁(0, 1) 

𝜎𝑟 ~ 𝐻𝑁(0, 1) 

𝜙 ~ 𝑁(0, 1) 

where 𝑟𝑖 was the change in the (log) population size at each between period 𝑡 − 1 and 𝑡 for plot 𝑖 

and 𝑇𝑖,𝑡 was the time period (weeks) between sampling periods for each plot (Humbert et al. 2009; 

Dail & Madsen 2011). The 𝑁-mixture open population model above was fitted in a Bayesian 

framework using Hamiltonian Markov Chain Monte Carlo (HMCMC) sampling using Stan 

ver.2.18.2 (Carpenter et al. 2017). The rate of change parameters for each plot (𝑟𝑖) were 

modeled with a hierarchical prior distribution specified as 𝑁(𝜇𝑟, 𝜎𝑟). Weakly informative prior 

distributions were placed on the initial log population abundance for each plot, 𝜂 ∼ 𝑁(0, 5) as well 

as the hyperparameters, 𝜇𝑟 ∼ 𝑁(0, 1), 𝜎𝑟 ∼ 𝐻𝑁(0, 1), 𝜙 ~ 𝑁(0, 1). The model was updated for 6000 

iterations using 3 chains with the first 1000 iterations used as a burn-in and discarded leaving 

15,000 samples to form the posterior distribution of each parameter. 
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Appendix 2 

Abundance estimates for each management unit and exclusion zone 

We used finite sampling estimators assuming a stratified random sampling design (Thompson 

1992; Skalski 1994; Thompson, White & Gowan 1998) to estimate total abundance within each 

stratum, based on incomplete surveys. Here, management units correspond to strata. If 𝑢 number 

of plots are sampled from a total number 𝑈 in stratum ℎ, the estimate of abundance is given by 

𝑁ℎ̂ = 𝑁ℎ𝑈ℎ 

where 𝑁ℎ̂ is the estimate of total abundance for stratum ℎ, 𝑁ℎ is the mean abundance over the 𝑢 

plots and 𝑈ℎ is total number of plots in stratum ℎ. The estimate of variance is given by 

𝑉𝑎�̂�(𝑁ℎ̂) = 𝑈ℎ
2{(1 −

𝑢ℎ

𝑈ℎ
)

�̂�𝑁ℎ𝑖

2

𝑢ℎ
+

𝑉𝑎�̂�(𝑁ℎ𝑖|𝑁ℎ𝑖
̂ )

𝑈ℎ
} 

where 

�̂�𝑁ℎ𝑖

2
=

∑ (𝑢
𝑘=1 �̂�ℎ𝑖 − 𝑁ℎ

̂ )2

𝑢ℎ − 1
 

and 

𝑉𝑎�̂�(𝑁ℎ�̂�|𝑁ℎ𝑖) =
∑ 𝑉𝑎�̂�

𝑢ℎ
𝑘=1 (𝑁ℎ�̂�|𝑁ℎ𝑖)

𝑢ℎ

 

The total abundance over all sampled management units is then simply 

∑ 𝑁ℎ̂

𝑛

ℎ=1

 

with variance 

∑ 𝑉𝑎�̂�

𝑛

ℎ=1

(𝑁ℎ̂) 

 

An estimate of the average density in each management unit can also be calculated as 

𝐷ℎ̂ =
𝑁ℎ̂

𝐴ℎ
 

Where 𝐴ℎ is the (2 dimensional) area of management unit ℎ.  This has variance of 

𝑉𝑎�̂�(�̂�ℎ) =  
𝑉𝑎�̂�(𝑁ℎ̂)

𝐴ℎ
2
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Appendix 3 

Figure A1. The estimates of tahr density on each of the three sampling occasions for each of the 66 sampled 

plots (blue open circles and lines). Black solid circles are the naïve estimates of tahr density calculated from the 

raw counts. For each plot, the range for the y-axis is scaled to the range of the data. The alpha-numeric (e.g., 

AA144) is the unique plot identifier. 

 

 
 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 


