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Reintroductions aim to re-establish species within their historical ranges through the release of wild- 15 

or captive-bred individuals following extirpation (or extinction) in the wild. While there is no general 16 

agreement on what constitutes a successful reintroduction, the probability of the population achieving 17 

long-term persistence should be addressed. Here, we review a 10-year trial reintroduction of the great 18 

bustard Otis tarda, a globally-threatened bird species, to the UK and assess long-term population 19 

viability. Despite changes in rearing and release strategy, initial post-release survival probability 20 

remained consistently low, with only 11.3% of bustards (n = 167) surviving from release to one year 21 

post-release. Nineteen breeding attempts were made by eight females; however, only one chick 22 

survived more than 100 days from hatching, and no wild juveniles have recruited into the population. 23 

Using demographic rates from the UK population and wild populations elsewhere and stochastic 24 

population modelling, we investigate the viability of this reintroduced population by predicting 25 

population size over the next ten years. Under current demographic rates the population was predicted 26 

to decline rapidly. Self-sufficiency was only predicted using the highest estimates from the UK 27 

population both for first-year and adult survival, and recruitment rates from wild populations 28 

elsewhere. Although changes have been made in rearing, release strategies, habitat management and 29 

release sites used, these changes appear to have modest impact on long-term viability. Substantial 30 

improvements in survival rates and productivity are required in order to establish a viable great 31 

bustard population in the UK, and we consider this unlikely.  32 

 33 
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Introduction 35 

Reintroduction projects attempt to re-establish species within their historical ranges through the 36 

release of wild- or captive-bred individuals following extirpation or extinction in the wild (IUCN  37 

1998; Ewen et al. 2012). They have become an important tool in conservation management; however, 38 

many reintroduced populations fail to establish, and it is often unclear whether these failures were due 39 

to ad hoc methodologies and management, or simply the limited success of released individuals (Wolf 40 

et al. 1996; Fischer and Lindenmayer 2000). The poor success of reintroductions worldwide has 41 

resulted in a drive towards the identification of rigorous research and monitoring targets identified a 42 

priori and the use of adaptive management to overcome uncertainty in the choice between different 43 

conservation management actions (Armstrong and Seddon 2008; Schaub et al. 2009; Ewen et al. 44 

2012).  45 

While there is no general agreement on what constitutes a successful reintroduction (Seddon 1999), 46 

reintroductions typically aim to establish a free-living, self-sustaining population through three main 47 

objectives: 1) survival of individuals after release; 2) settlement of individuals into the release area; 48 

and 3) successful reproduction and recruitment into the population (Griffith et al. 1989; Sarrazin and 49 

Barbault 1996; Teixeira et al. 2007). A key question that needs to be addressed by reintroduction 50 

projects is whether the population can achieve long-term persistence (Armstrong and Seddon 2008), 51 

where recruitment from breeding individuals compensates (or exceeds) adult death rate (Sarrazin and 52 

Barbault 1996). In the initial stages of a reintroduction there is much uncertainty concerning 53 

demographic rates and the suitability of habitat for supporting the reintroduced population, and 54 

population modelling typically focuses on predicting population growth and aims to highlight limiting 55 

factors (Armstrong and Reynolds 2012). Once reintroduced individuals survive the establishment 56 

phase and data on demographic rates from monitoring are more readily available, population 57 

modelling can be used to explore the effect of different management decisions and estimate how 58 

many more releases are required to ensure long-term viability of the population (Oro et al. 2008; 59 

Schaub et al. 2009; Armstrong and Reynolds 2012). 60 
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Here we assess the long-term persistence of a reintroduced population of great bustard Otis tarda, a 61 

globally-threatened bird species, in the UK. The great bustard was a common breeding bird across 62 

large parts of Europe and Asia during the 18th Century, and through a combination of hunting, egg 63 

collection and changes in agricultural practice, experienced dramatic declines and local extinctions 64 

across its range during the 20th Century (Palacín and Alonso 2008). It is currently categorised as 65 

Vulnerable on the IUCN Red List (IUCN 2014). Great bustards became extinct in the UK in the 66 

1830s; attempts to rear this species for reintroduction began in the 1970s and following a rigorous 67 

feasibility study based on IUCN reintroduction guidelines, a 10-year trial reintroduction programme 68 

was initiated in 2004. The first five years of the reintroduction trial demonstrated that great bustards 69 

can be hatched in captivity from wild-collected eggs and that juveniles can be translocated from 70 

Russia and successfully released into the wild in the UK (Burnside et al. 2012). Although some 71 

released birds reached maturity, a major limitation on project success was the high mortality of 72 

juveniles in the first six months following release (Burnside et al. 2012).  73 

Here we present results from the ten-year trial reintroduction of great bustards to the UK, and 74 

investigate the long-term viability of the reintroduced population. We have three objectives: 1) to 75 

determine survival rates from release to one year post-release and test whether different rearing or 76 

release strategies adopted during the project improved survival rates; 2) to calculate adult survival 77 

rates over the project period; and 3) to use these age-specific survival rates and data on the 78 

recruitment of individuals from breeding over the reintroduction period to investigate the long-term 79 

viability of the population. Using several population scenarios, incorporating current demographic 80 

rates and also demographic rates from wild populations elsewhere, we aim to provide evidence-based 81 

information on potential future population size and persistence to help inform management decisions.  82 

 83 

Methods 84 

Release methodology 85 
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Between 2004 and 2012 chicks or eggs were imported from Russia and in 2014 eggs were imported 86 

from Spain (Table 1); all were reared in a purpose-built facility (for details see Burnside et al. (2012)). 87 

The number of eggs collected varied between years, ultimately influencing the number of eggs and 88 

chicks imported and released (Table 1). Whereas Russian chicks had been imported at 4 – 10 weeks 89 

of age in the first eight years of the reintroduction (Burnside et al. 2012), in the ninth year, 6 eggs 90 

were imported and reared in the UK, together with 9 chicks reared in Russia similar to previous years. 91 

Following a change in the regulations on exporting great bustard chicks from Russia in 2013, neither 92 

eggs nor chicks were imported or released in that year. In 2014 54 eggs and 2 chicks were imported 93 

from Spain (Table 1). Hatching success of artificially incubated eggs from 2004 - 2014 was 70.9% ± 94 

5.7% (mean ± SE). Between 2004 and 2008, the total number of bustards released was 86, and despite 95 

problems with import regulations, an additional 114 bustards were released between 2009 and 2014.  96 

All released individuals from 2004 – 2010 were released at the first release site (Site A) which was set 97 

up in 2004, with a second site (Site B) being set up in 2011; in 2011, the release cohort was split 98 

between the two sites (16 juveniles released at site A and 13 at site B). In 2012, we released 6 99 

juveniles at site B, and five juveniles hatched from eggs and reared in the UK were released at site A. 100 

In 2014, we set up a third release site (site C) and the release cohort was split between site B and site 101 

C (17 juveniles at site B and 16 at site C). From 2004 – 2008 juveniles were released from a 30-day 102 

bio-secure quarantine unit into a 7ha open-topped release pen, from which they were free to leave 103 

(they were termed ‘hard release’). From 2009 the first trials of ‘soft release’ began, where individuals 104 

were held for c. 7 days after quarantine in a mesh pen within the larger release pen prior to release 105 

where they could habituate to their new environment. This release methodology was used in 2009 – 106 

2011; in 2012 and 2014 this approach was combined with an extended period of rearing with 107 

dehumanisation suits; individuals were led into the release pen on a regular basis, allowing them to 108 

stretch, practice flying and develop foraging skills (termed ‘soft release with dehumanisation suits’).  109 

Following monitoring methodology described in Burnside et al. (2012), we monitored released 110 

individuals regularly all year-round and intensively during the breeding season (March – June) and 111 

the first six months post-release around release areas. Furthermore, we followed up re-sightings from 112 
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website and telephone reports and where individuals were recovered dead, post-mortems were 113 

performed by a vet. This review covers the period from 30 April 2004, when the first eggs were 114 

collected, to 30 November 2014, four months after the 2014 cohort of birds was released and by 115 

which time the oldest surviving bustard released was 10 years and 5 months old.  116 

Released birds were individually marked with wing-tags from 2004 – 2011 (colour-coded according 117 

to the year of release), then BTO metal leg-rings and Darvic plastic colour-rings in 2012 and 2014. 118 

Microwave Telemetry Inc. (Columbia, USA) Argos/GPS enabled LC4 Platform Transmitter 119 

Terminals (PTTs) were fitted to 19 males (105g device) and 15 females (40g device)  from 2007-2011  120 

to provide daily information on location, which could be remotely accessed. In addition, BioTrack 121 

radio transmitters (Wareham, UK) were also fitted using a variety of different mount types: back-122 

mounted (10 males and 10 females in 2004), necklace-mounted (17 females in 2005, 2006 and 2011) 123 

and tail-mounted (24 males and 14 females from 2005 – 2010).  124 

Estimating reproductive and survival parameters 125 

We investigated survival probabilities for first-years and adults by creating live re-sighting and dead 126 

recovery histories for 167 released birds from 2004 – 2012; we did not include individuals released in 127 

2014 as they had only been released for four months at the time of writing the manuscript. Only 128 

juvenile bustards that were released and able to form part of the wild population were included in the 129 

analysis; individuals that became disabled during captive-rearing (e.g. damaged wings) and released 130 

into the project release pen were excluded as they were unable to leave the pen and therefore 131 

remained captive. Date of marking was considered to be the day of the bird’s release and annual 132 

intervals set from the date of each individual’s release for a maximum of 10 years. Release dates 133 

varied between years and ranged from 26th August to 17th October; one bird from 2011 and five from 134 

2012 over-wintered in the main release pen and they were able to join the wild population outside the 135 

release pen from March onwards in the following year. For these latter birds the date where they were 136 

considered to be free-flying was taken as their release date.   137 
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First, we investigated the role of sex and different release methodologies on survival from release to 1 138 

year post-release using Burnham live re-sighting and dead recovery data using MARK (v. 7.1) via the 139 

R package RMark (v 2.1.7) in R (v 3.0.2). Models were specified with survival probability dependent 140 

on sex, release year, release month (January, June, July, August, September, or October), release site 141 

(site A or B), release methodology (hard release, soft release, over-winter in release pen, or soft 142 

release with dehumanisation suits), and transmitter type fitted (satellite (PTT), tail-mounted (TMRT), 143 

necklace-mounted (NMRT), back-mounted radio transmitters (BMRT) or no transmitter). As re-144 

sighting and recovery probability was likely to be dependent on whether an individual was fitted with 145 

a transmitter or not, and also whether the data from this transmitter were remotely accessible, we 146 

specified models with re-sighting and recovery probabilities to be dependent on transmitter type, sex 147 

(as females are much smaller and less conspicuous as males), both of these factors, or constant re-148 

sighting and recovery probabilities. Second, following Doherty et al. (2010), we created all 149 

combinations of models, giving a candidate set of 56 models, and ranked models using corrected 150 

Akaike’s Information Criterion (AICc; Burnham and Anderson 1998). 151 

Only 17 free-ranging individuals out of 167 survived from release to one year post-release, and as 152 

their release times were staggered over eight years, individuals provided different amounts of data 153 

depending on their release year. Adults generally returned to their release area every spring and were 154 

re-sighted throughout the year typically at least once a month, but the longest period between re-155 

sightings was 197 days. Therefore, we made the assumption that if an individual was not re-sighted 156 

within a year, then it was dead. We calculated age-specific annual survival (e.g. survival from 1 – 2 157 

years post-release) for all ages as 𝑆𝑆𝑆𝑆𝑡𝑡+1 = 𝑁𝑁𝑡𝑡+1 − 𝑁𝑁𝑡𝑡 , then averaged these vales to give mean annual 158 

adult survival (𝑆𝑆𝑆𝑆���).  159 

Population modelling 160 

Based on Burnside at al. (2012), we developed new models using the demographic parameters from 161 

2004 – 2012 to investigate population growth and persistence for the next ten years. To estimate the 162 

size of the founder population at time t (Nt), we used the deterministic model  163 
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 𝑁𝑁𝑡𝑡+1 = 𝑁𝑁𝑡𝑡𝑆𝑆𝑆𝑆��� + 𝐼𝐼 × 𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 +
𝑁𝑁𝑡𝑡
2

× 𝑟𝑟 164 

where 𝑆𝑆𝑆𝑆��� is mean annual adult survival, I is number of individuals released, Spost is first-year survival, 165 

and r is recruitment into the population from breeding (survival of chicks from hatching to 1 year 166 

old). Sex ratio in wild populations elsewhere is variable (Oparin et al. 2003; Martín et al. 2007); in the 167 

UK population sex ratio is relatively equal, therefore we have assumed an equal sex ratio in the 168 

analysis. We modelled 10 scenarios (Table 4). First, we simulated population size over ten years if the 169 

reintroduction were to continue releasing 20 or 40 juveniles annually with the current demographic 170 

rates from the UK population (1 and 2, respectively). Second, to explore the conditions  required  to 171 

become self-sufficient  without  further  releases, we modelled eight further scenarios: using 172 

recruitment rate (r = 0) from the UK population and either 3) average UK annual adult survival – the 173 

scenario most closely reflecting population dynamics if the reintroduction project is halted in 2015; or 174 

4) high UK annual adult survival (upper 95% confidence limit (CI) of calculated  𝑆𝑆𝑆𝑆���); 5) recruitment 175 

rates from a wild great bustard population (r = 0.14 ± 0.09) from Morales, Alonso and Alonso (2002) 176 

with average UK adult survival rates; and 6) recruitment rates from a wild great bustard population (r 177 

= 0.14 ± 0.09) from Morales, Alonso and Alonso (2002) with high UK annual adult survival (upper 178 

95% confidence limit of calculated  𝑆𝑆𝑆𝑆���. In models 3 – 6, we assigned average 𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 to 33 individuals 179 

released in 2014; in addition, we created a third set of models with high 𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 (upper 95% confidence 180 

limit of calculated 𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) for this 2014 cohort and 𝑆𝑆𝑆𝑆 and r parameter value combinations as models 7 181 

– 10.  182 

Demographic stochasticity in average 𝑆𝑆𝑆𝑆, 𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 and 𝑟𝑟 was incorporated by creating 10,000 iterations 183 

of each model scenario, with each iteration and time period randomly sampling 𝑆𝑆𝑆𝑆, 𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 and 𝑟𝑟 values 184 

from distributions of 1,000 values each, generated using the mean and one standard deviation of 185 

estimates, and averaging across iterations to give estimated population size.  186 

 187 

Results 188 
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Survival and causes of mortality 189 

 190 

Survival probability from release to one year post-release was 11.3% (CI: 7.2 – 17.2%). Models 191 

investigating first-year survival showed that transmitter type was the most important factor affecting 192 

survival probability (Model 1, Table 2); however, the second most parsimonious model showed that 193 

survival was not related to any of the explanatory factors specified (Model 2, Table 2) and given that 194 

ΔAICc < 2 between these two models, we consider them to both to receive substantial empirical 195 

support. Model-averaged estimates showed that individuals fitted with back-mounted radio 196 

transmitters survived less well than individuals fitted with other types of transmitter (BMRT = 5.6% ± 197 

5.9%; NMRT = 21.1% ± 12.6%; PTT = 12.5% ± 4.9%; TMRT = 9.5% ± 4.6%) or no transmitter 198 

fitted (11.1% ± 4.6%); however, these transmitters were fitted to bustards released in 2004 and as 199 

issues were identified in the harness design used, these results reflect initial problems in release 200 

methodology. When data from 2004 was excluded from the analysis, the most parsimonious model 201 

showed that survival was constant (AICc = 260.1). In subsequent years a different harness design was 202 

used for attaching back-mounted PTTs and these were also fitted by a more experienced researcher.  203 

 204 

Model ranking showed that first-year survival probability did not differ between the sexes, between 205 

release methodologies, years, release sites or month of release (Table 2). Re-sighting probability in 206 

the best supported models was constant, whereas recovery probability was dependent on transmitter 207 

type (Table 2), with individuals fitted with satellite transmitters (100%) and back-mounted radio 208 

transmitters (80.0% ± 8.9%) more likely to be recovered than individuals fitted with tail-mounted 209 

(65.5% ± 7.2%) and necklace-mounted radio transmitters (36.3% ± 12.2%) and birds not fitted with a 210 

transmitter (45.8% ± 7.2%). After the first year, annual survival rate increased to 88.4% (± 5.19%: CI: 211 

81.2 – 95.6%; n = 17).  212 

 213 

Of 167 individuals released between 2004 and 2012, 5.4% have been re-sighted alive in November 214 

2014, 65.3% were recovered dead and 29.3% have not been recovered nor re-sighted alive in the last 215 

year. The main probable cause of death for those individuals recovered was predation (45.0%), 216 
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followed by collision with fences or power lines (28.4%), with a small proportion being related to 217 

other causes such as illness or conspecific attack (4.6%). In 22.0% of cases the cause of death was not 218 

known.      219 

 220 

As of 30th November 2014, the reintroduced great bustard population consisted of 5 females and 4 221 

males older than one year old. The adults range in age; up to 10 years old for females and up to 7 222 

years old for males. Of the 33 juveniles released in 2014, three have been recovered dead. However, 223 

similar to Russian-originated juveniles released in previous years, these Spanish-originated juveniles 224 

also started to disperse away from their release sites at the end of October; no juveniles were recorded 225 

at release sites at the end of November. In the final two weeks of November 2014, ten juveniles were 226 

recorded; seven of these were in the Salisbury Plain area in groups of three and four juveniles, and 227 

three females were reported on the south coast and Channel Islands, mirroring the movement of 228 

previous Russian-originated cohorts.  229 

 230 

Reproductive success and recruitment 231 

From 2007, the year of the first nesting attempt, there has been at least one breeding attempt every 232 

year (Table 3). In wild populations, males usually breed from 5-6 years of age and females from two 233 

years of age (Morales & Martín 2003). In total 8 breeding females have been recorded during the 234 

reintroduction programme, with females breeding from two years old for up to five consecutive years. 235 

However, only 1 of 19 breeding attempts has produced a chick that has been re-sighted at more than 236 

100 days after hatching, and no wild-reared chicks have recruited into the population (Table 3). Of the 237 

19 breeding attempts 57.9% failed during incubation, due to egg infertility (27.3% of failures during 238 

incubation), egg predation (36.4%) and nest desertion (18.2%); 18.2% failed from unknown causes. 239 

During chick-rearing (n = 8 breeding attempts), 25% of all known losses were attributed to predation; 240 

75% of these chicks failed from unknown causes.  241 

In 57.9% of breeding attempts, females chose to nest within predator-exclusion fenced release areas. 242 

There was no apparent benefit to hatching success within fenced areas compared to outside 243 
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(proportion of fertile nests hatched chicks ± 1SE: within: 0.62 ± 0.18, n = 16; Wilcoxon rank sum test: 244 

W = 40, p = 0.4). However, of the eight nests successfully hatching chicks, there was some indication 245 

that chicks from nests within fenced areas tended to live longer than chicks from nests outside (mean 246 

age of chick at failure ± 1SE: Within: 50.6 ± 23.9 days (n = 5); Outside: 18.7 ± 4.2 days (n = 3)), 247 

though this was not statistically significant (Wilcoxon rank sum test: W = 9; p = 0.8).  248 

 249 

Population modelling 250 

 251 

Population simulations suggest that with releases of 20 or 40 juveniles annually for the next ten years 252 

and with the current demographic rates, the population size would be less than 30 individuals 253 

(scenarios 1 & 2: Table 4; Figure 1a). If no further juveniles are released, with current demographic 254 

rates the population is predicted to decline to less than 4 individuals within 10 years (scenario 3; Table 255 

4, Figure 1b). Decline occurs even using recruitment rates observed in wild populations since the high 256 

adult mortality of reintroduced birds would not be fully compensated by recruitment rates seen in wild 257 

breeding populations (scenario 5; Table 4, Figure 1b). Using high UK first-year survival or high UK 258 

adult survival and no recruitment from breeding (4, 7 and 8), the population declines more slowly 259 

(Table 4; Figure 1b). Only under the conditions of high survival rates across all ages and recruitment 260 

from released individuals equivalent to breeding individuals in wild populations was the current 261 

population predicted to increase in size without further import of eggs or juveniles (scenario 10; Table 262 

4, Figure 1b).  263 

 264 

Discussion 265 

 266 

In the ten-year trial reintroduction of the great bustard to the UK, the project has achieved some key 267 

reintroduction targets including the hatching of eggs in captivity, the rearing and release of juveniles, 268 

lekking behaviour and breeding attempts of adults, and the long-term survival of some birds in the 269 
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wild. However, despite some initial target criteria being met and refinements made in the pre-release 270 

rearing and release strategy, post-release survival has remained low and no wild-reared chicks have 271 

survived to recruit into the population. The initial feasibility study suggested that a viable population 272 

may only be achieved after ten releases of a minimum of 40 individuals (Osborne 2002); however, 273 

this target has not been met. The adult population size after ten years of trial releases is nine 274 

individuals and the current demographic rates are insufficient for population viability even with the 275 

release of further juveniles. We show that only under the very unlikely conditions of high first-year 276 

survival, high adult survival and recruitment equivalent to wild populations elsewhere will this 277 

population increase in size without further imports of eggs or chicks. However, in this scenario and 278 

others with high adult annual survival we used the upper confidence limit of the reintroduced 279 

population estimates (95.6%), whereas in wild well-studied populations elsewhere annual adult 280 

survival is estimated to be approximately 89.7% annually (J.C. Alonso et al, in Lane & Alonso 281 

(2001)). Furthermore, unpublished survival values obtained by J.C. Alonso and co-workers with a 282 

larger sample from various wild populations in Spain are even lower than these and previously 283 

published values (J.C. Alonso pers. com.), suggesting that our estimates are overly optimistic. 284 

Currently the outcome of 2014’s release is unknown; however, even with substantial improvement in 285 

post-release survival of released individuals, unless there are also significant improvements in adult 286 

survival and recruitment rates, the population is unlikely to achieve long-term persistence.   287 

We found that first-year survival rates were lower in individuals fitted with back-mounted transmitters 288 

than individuals fitted with other transmitter types or no transmitter. However, this relationship was 289 

largely due to inappropriate mounting methods used in the first year of release (2004). Devices were 290 

fitted with straps were passed over the front of the bird and elastic braided along the length, which is 291 

likely to have significantly reduced elasticity. Many of these individuals were harmed or fatally 292 

injured as a result of collisions (44%) and it was considered that the strapping material may have 293 

restricted movement; therefore, in subsequent years, back-mounted devices were fitted using a wide 294 

elastic band with appropriate tension by more experienced individuals (Alonso 2008). There are many 295 

studies showing the negative effects of transmitter attachment on energy expenditure, reproduction 296 
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and survival (Barron, Brawn, and Weatherhead 2010); however, in general (excluding the 2004 297 

released birds) we did not find that individuals without a transmitter had a higher first-year survival 298 

rate compared to those with transmitters. We do not rule out that transmitter attachments may have a 299 

negative effect on the survival and behaviour of released birds, but suggest that a combination of 300 

behavioural and release condition factors played a greater role in mortality. Also, individuals fitted 301 

with satellite transmitters were more likely to be recovered dead than those fitted with radio-302 

transmitters or not fitted with transmitters. Given that many individuals over the last ten years have 303 

dispersed away from their release sites, monitoring devices, in particular satellite transmitters, have 304 

played a key role in allowing us to monitor individuals. For many released individuals not fitted with 305 

transmitters, once they leave the release area we have relied heavily on re-sightings reported by the 306 

general public, which are often of only a small number of individuals each year. Therefore, many 307 

individuals are not re-sighted again after they left the release area, resulting in loss of information 308 

from a significant proportion of released individuals on survival, dispersal and cause of death, which 309 

is essential for any reintroduction project.  310 

Great bustard juveniles remain with their mother for at least the first six months after hatching in the 311 

wild (Alonso et al. 1998; Martín et al. 2008). In long-lived species with extended periods of parental 312 

care, maternally-learned skills (e.g. learning to recognise prey and predators, using habitat or 313 

responding to changes in environment, appropriate interactions with conspecifics etc.) are likely to be 314 

essential for survival and reproduction (Bennett and Laland 2005). For example, captive-rearing has 315 

been shown in other species to produce individuals lacking in appropriate anti-predation behaviour 316 

(Griffin, Blumstein, and Evans 2000), and individuals experienced with predators show greater 317 

survival than those without experience or experience only with model predators (Heezik, Seddon, and 318 

Maloney 1999; Frair et al. 2007). Although informal predator training was trialled with model foxes 319 

in 2010 and with dogs in 2012 during this project, it is difficult to quantify the effects, if any, of this 320 

training as it was not carried out in a standardised manner. However, released juveniles associating 321 

with older individuals, either single females or small female or mixed groups, shortly after release or 322 

in the spring following release have generally been more long-lived than those dispersing individually 323 
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or associating more closely with other released juveniles; therefore social learning from older 324 

individuals is likely to be critical to improving post-release survival. In wild populations in Spain, 325 

male chicks that were better fed by their mothers were more readily integrated into adult male groups 326 

(Alonso et al. 1998). However, in the UK population it is unclear what determines whether a juvenile 327 

will be accepted into an adult group, or whether some juveniles simply choose to remain with the 328 

other juveniles, but the ratio of juveniles accepted to adults within the group is generally around 1 – 2 329 

juveniles per adult. Therefore, with low numbers of adults surviving, it is very unlikely that large 330 

numbers of released juveniles in the future will benefit from social learning.  331 

Collisions are a major cause of mortality in wild bustard populations (Janss 2000; Martin and Shaw 332 

2010); however, captive-reared individuals may be particularly vulnerable due to differences in 333 

musculature, feather condition, and flight performance (Robertson, Wise, and Blake 1993; 334 

Liukkonen-Anttila, Saartoala, and Hissa 2000; Hess et al. 2005). Take-off ability may affect success 335 

in escaping predators, and this may differ between individuals depending on their energy resources 336 

and body condition (Putaala et al. 1997). Biometric information has been collected from individuals at 337 

release each year; however, following concerns over the impact of pre-release condition on post-338 

release survival we began collecting systematic data on flight feather condition at release from 2011. 339 

It is likely that feather condition played a significant role in mortality from predation and collision 340 

(Ashbrook, pers. comm.). Importing juveniles from Russia to the UK may have affected the condition 341 

of birds due to a combination of a 48-hour journey in crates, a 30-day quarantine period with 342 

restrictive facilities prohibiting practice flights and an unnatural diet, together with the stress of 343 

regular human disturbance and handling. In 2012, eggs were imported, limiting the quarantine period 344 

to the first weeks following hatching, and the use of dehumanisation suits and larger pen areas 345 

enabled the chicks to be exercised and allowed them to feed in specially managed habitat. 346 

Unfortunately, problems with feather condition, likely due to a diet containing too little protein and 347 

possibly vitamin D deficiencies, meant that these chicks were held back and released the following 348 

spring. However, given greater freedom for juveniles to exercise flight musculature and forage 349 
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naturally, and also reductions in handling, the project team considered importing eggs to be an 350 

improvement over importing chicks.  351 

Poor survival of individuals from release to one year post-release was highlighted as a major factor 352 

limiting success in the first years of the project, with predation and collision being the major causes of 353 

mortality (Burnside et al. 2012). Attempts were made to address predation risk by establishing new 354 

release sites which were considered to have lower or controllable predator populations. As released 355 

individuals frequently dispersed away from release sites, showing similar behaviour to individuals 356 

from their source population (Watzke 2007), the rearing programme was extended beyond release 357 

with dehumanisation suits in an attempt to improve group cohesion around release sites and assist 358 

with the learning of foraging activities. In addition, supplemental food was provided at release sites in 359 

an attempt to reduce dispersal (Williams et al. 2013), assisting establishment. However, none of these 360 

changes in later years of the project were found to significantly improve post-release survival, with 361 

individuals continuing to disperse away from release sites in their first winter. In 2014, attempts were 362 

made to reduce dispersal behaviour by collecting eggs from populations in Spain, where individuals 363 

do not tend to disperse as far as individuals from Russian populations (Martín et al. 2008; Palacín et 364 

al. 2011); however, as of the end of November 2014, no individuals from this cohort remain at release 365 

sites and at least four of these individuals have been re-sighted on the south coast and on the Channel 366 

Islands, near to locations of re-sightings from previous years. The evolution of dispersal in animal 367 

populations has been associated with changes in environmental conditions, with greater seasonality 368 

tending to result in increased dispersal behaviour (Johnson and Gaines 1990). Given that individuals 369 

released from both Russian and Spanish populations have dispersed south in autumn, it is possible 370 

that these dispersal movements are in response to unfavourable winter conditions such as low 371 

temperature and high rainfall, which may negatively impact on energy expenditure, and poor food 372 

availability, for example through winter senescence in many plant species. If this is the case, and 373 

further released individuals disperse away from the release area, it will limit the reintroduction 374 

project’s ability to improve post-release survival rates and achieve population viability; however, at 375 

this time the effect of the change in donor population on post-release survival is unknown.   376 
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Although surviving individuals have made breeding attempts in all years from 2007, no chicks have 377 

been recruited into the population due to failures during incubation and chick-rearing, and in one case, 378 

during the first winter. In two cases, females were also predated during chick-rearing, highlighting the 379 

vulnerability of breeding females and the importance of protecting them during this period. Given our 380 

small dataset on reproductive rates it is difficult to draw solid conclusions on future management to 381 

improve reproductive output, but we did find some indication that chicks from nests within fenced 382 

areas survived slightly longer than chicks from nests outside fenced areas, probably due to reduced 383 

predation pressure and creation of suitable nesting habitat. However, temporarily fencing areas to 384 

provide protection from mammalian predators involves human disturbance around the nesting area, 385 

for example, regular changes in power supplies (for an electric fence), which may increase the 386 

likelihood of nest desertion. Improving reproductive rates is one of the largest obstacles to the success 387 

of the reintroduction project and needs further investigation into the causes of nest failure during 388 

incubation, careful consideration of fencing nests found outside specially fenced areas and further 389 

investment in nesting habitat creation through agri-environment schemes or land acquisition, 390 

including large permanently fenced areas. Furthermore, a detailed assessment of whether invertebrate 391 

populations in southern England are sufficient to support the required level of productivity in great 392 

bustards is required. Adult survival may increase naturally if wild-born juveniles are recruited into the 393 

population, as such birds are likely to benefit from maternally-learned skills, and if larger group sizes 394 

develop.   395 

Reintroduction programs should always include a significant monitoring component (Seddon et al. 396 

2007; Ewen et al. 2012); without monitoring the results or failure of the project may not be clear. In 397 

addition, reintroductions should regularly evaluate the progress towards specific targets (Armstrong & 398 

Seddon 2008). Here, we assessed project results annually and performed larger reviews every five 399 

years; however, recommendations from these reviews were not always acted upon by conservation 400 

practitioners, possibly limiting the success of the project. Launching or continuing a reintroduction of 401 

a long-lived species with a complex biology needs. additional scrutiny, as reintroducing these species 402 

may be more prone to failures than r-selected species. Nonetheless, reintroductions can generate a 403 
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wealth of data that can reveal much about underlying ecology, behaviour and life history, so that they 404 

will input into future conservation programmes. This monitoring work presented here was undertaken 405 

as part of a LIFE-funded project which came to an end in 2014. It can be used to help inform future 406 

decision making by those seeking to take the project forward in 2015 and beyond, though as the 407 

authors are no longer directly involved we are unable to comment further on future plans.   408 

The great bustard has declined across large parts of its world range and recent intensive conservation 409 

efforts have managed to achieve population increases in only very small parts of that range. It is a 410 

long-lived species with complex social behaviour that finds it hard to survive in a human-dominated 411 

agricultural landscape, meaning that a reintroduction to southern England was always going to be an 412 

ambitious project. Over ten years of the trial reintroduction some significant milestones have been 413 

achieved and the rearing and release methodologies have been improved and refined. Despite this 414 

progress, current demographic rates remain too low for establishment and long-term persistence of a 415 

wild population. At the end of the ten year trial period it is clear that without substantial 416 

improvements in key demographic parameters, the successful re-establishment of this species in 417 

southern England is unlikely.   418 

 419 

Acknowledgments 420 

The Great Bustard Reintroduction was started by the Great Bustard Group in 2004 and the University 421 

of Bath joined the project in 2005. The LIFE+ partnership of the Great Bustard Group, Royal Society 422 

for the Protection of Birds, University of Bath and Natural England was established in 2010, ending in 423 

2014. We thank Leigh Lock for his guidance on the project and for comments on the manuscript. We 424 

thank Leigh Lock for his input and management of the project and also for his comments on drafts of 425 

the manuscript. We thank the Great Bustard Group for their efforts in importing, rearing and releasing 426 

individuals for the reintroduction project and wish them every success in the future. We thank Paul 427 

Goriup for his helpful comments and suggestions on drafts. We gratefully acknowledge Dr Anatoli 428 

Khrustov, Director of the A.N. Severtsov Institute of Evolution and Ecological Problems (Saratov 429 



18 
 

Branch), Russian National Academy of Science for his role in making the reintroduction possible. We 430 

thank the project staff, volunteers and general public for collecting data on Great Bustards in southern 431 

England. We thank Professor Juan Carlos Alonso and an anonymous reviewer for their valuable 432 

comments on a previous version of this work. This work was funded by LIFE+ consortium grant 433 

LIFE09/NAT/UK/000020.  434 

 435 

Biographical sketches 436 

Kate Ashbrook is interested in biodiversity conservation and specialises in using modelling to inform 437 

evidence-based conservation management. Andrew Taylor and Louise Jane worked for the RSPB on 438 

monitoring and designing agri-environment schemes for bird populations across the UK and were part 439 

of the reintroduction project from 2011 - 2014. Ian Carter has worked as an ornithologist with Natural 440 

England (and predecessors) for over 20 years and has a particular interest in bird reintroductions. 441 

Tamás Székely is interested in biodiversity conservation and specialises in avian breeding systems.   442 



19 
 

References 443 

Alonso, J.C., Martín, E., Alonso, J.A. & Morales, M.B. 1998. Proximate and ultimate causes of natal 444 

dispersal in the great bustard, Otis tarda. Behavioural Ecology 9: 243-252. 445 

Alonso, J.C. 2008. Guidelines for radio-tracking Great Bustards. Bustard Studies 7:81–95. 446 

Armstrong, D.P. & Reynolds MH. 2012. Modelling reintroduced populations: the state of the art and 447 

future directions. In Reintroduction Biology: Integrating Science and Management. Chichester, UK: 448 

Wiley-Blackwell Publishing. p. 165 – 222. 449 

Armstrong D.P. & Seddon P.J. 2008. Directions in reintroduction biology. Trends in Ecology & 450 

Evolution 23:20–5. 451 

Barron D.G., Brawn J.D., & Weatherhead P.J. 2010. Meta-analysis of transmitter effects on avian 452 

behaviour and ecology. Methods in Ecology & Evolution 1:180–187. 453 

Bennett G.G. & Laland K.N. 2005. Social Learning in Animals : Empirical Studies and Theoretical 454 

Models. Bioscience 55:489 – 499. 455 

Burnham K.P. & Anderson D.R. 1998. Model selection and multimodel inference: a practical 456 

information-theoretic approach. 2nd editio. New York: Springer-Verlag. 457 

Burnside R.J., Carter I., Dawes A., Waters D., Lock L., Goriup P. & Székely T. 2012. The UK great 458 

bustard Otis tarda reintroduction trial: a 5-year progress report. Oryx 46:112–121. 459 

Doherty P.F., White G.C. & Burnham K.P. 2010. Comparison of model building and selection 460 

strategies. Journal of Ornithology 152:317–323. 461 

Ewen J.G,. Armstrong D.P., Parker K.A. & Seddon P.J. eds. 2012. Reintroduction Biology: 462 

Integrating Science and Management. Chichester, UK.: Wiley-Blackwell Publishing. 463 



20 
 

Fischer J. & Lindenmayer D.B. 2000. An assessment of the published results of animal relocations. 464 

Biological Conservation 96:1–11. 465 

Frair J.L., Merrill E.H., Allen J.R & Boyce M.S. 2007. Know Thy Enemy: Experience Affects Elk 466 

Translocation Success in Risky Landscapes. Journal of Wildlife Management 71:541–554. 467 

Griffin A.S., Blumstein D.T. & Evans C.S. 2000. Training Captive-Bred or Translocated Animals to 468 

Avoid Predators. Conservation Biology 14:1317 – 1326. 469 

Griffith B., Scott J.M., Carpenter J.W. & Reed C. 1989. Translocation as a Species Conservation 470 

Tool : Status and Strategy. Science 245:477–480. 471 

Heezik Y. Van, Seddon P.J. & Maloney R.F. 1999. Helping reintroduced houbara bustards avoid 472 

predation: effective anti-predator training and the predictive value of pre-release behaviour. Animal 473 

Conservation 2:155–163. 474 

Hess M.F., Silvy N.J., Griffin C.P., Lopez R.R. & Davis D.S. 2005. Differences in Flight 475 

Characteristics of Pen-Reared and Wild Prairie-Chickens. Journal of Wildlife Management 69:650–476 

654. 477 

IUCN. 2014. IUCN Red List of Threatened Species. Http://www.iucnredlist.org [accessed 18 478 

December 2014] 479 

IUCN (World Conservation Union). 1998. Guidelines for re-introductions. In: IUCN/SSC Re-480 

introduction Specialist Group, IUCN, Gland, Switzerland, and Cambridge, United Kingdom. 481 

Janss G.F.E. 2000. Avian mortality from power lines: a morphologic approach of a species-specific 482 

mortality. Biological Conservation 95:353–359. 483 

Johnson M.L. & Gaines M.S. 1990. Evolution of Dispersal: Theoretical Models and Empirical Tests 484 

Using Birds and Mammals. Annual Review of Ecology & Systematics 21:449–480. 485 



21 
 

Lane S.J. & Alonso J.C.. 2001. Status and extinction probabilities of great bustard (Otis tarda) leks in 486 

Andalucía , southern Spain. Biodiversity & Conservation 10:893–910. 487 

Liukkonen-Anttila T., Saartoala R. & Hissa R. 2000. Impact of hand-rearing on morphology and 488 

physiology of the capercaillie (Tetrao urogallus). Comparative Biochemistry & Physiology Part A 489 

125:211–21. 490 

Martín C.A., Alonso J.C., Alonso J.A, Palacín C., Magaña M. & Martín B. 2008. Natal dispersal in 491 

great bustards: the effect of sex, local population size and spatial isolation. Journal of Applied 492 

Ecology 77:326–34. 493 

Martín C.A., Alonso J.C., Alonso J.A., Palacín C., Magaña M. & Martín B. 2007. Sex-biased juvenile 494 

survival in a bird with extreme size dimorphism, the great bustard Otis tarda. Journal of Avian 495 

Biology 38:335–346. 496 

Martin G.R. & Shaw J.M.. 2010. Bird collisions with power lines: Failing to see the way ahead? 497 

Biological Conservation 143:2695–2702. 498 

Morales M.B., Alonso J.C. & Alonso J. 2002. Annual productivity and individual female reproductive 499 

success in a Great Bustard Otis tarda population. Ibis 144:293–300. 500 

Morales, M.B. & Martín, C. 2003. In Birds of the Western Palearctic Update (eds S. Cramp & K.E.L. 501 

Simmons), pp. 217 – 232. Oxford University Press, UK.  502 

Oparin, M.L., Kondratenkov, I.A. & Oparina, O.S. (2003). Abundance of the Transvolga Population 503 

of Great Bustard (Otis tarda L.). Biology Bulletin 30: 562-569.  504 

Oro D., Margalida A., Carrete M., Heredia R. & Donázar J.A. 2008. Testing the goodness of 505 

supplementary feeding to enhance population viability in an endangered vulture. PLoS One 3:e4084. 506 

Osborne P.E. 2002. Application to the Department for Environment, Food and Rural Affairs for a 507 

licence to re-introduce Great bustards. Great Bustard Group. Salisbury, UK. 508 



22 
 

Palacín C. & Alonso J.C. 2008. An updated estimate of the world status and population trends of the 509 

Great bustard Otis tarda. Ardeola 55:13–25. 510 

Palacín C., Alonso J.C., Alonso J.A., Magaña M. & Martín C.A. 2011. Cultural transmission and 511 

flexibility of partial migration patterns in a long-lived bird, the great bustard Otis tarda. Journal of 512 

Avian Biology 42:301–308. 513 

Putaala A., Oksa J., Rintamäki H. & Hissa R. 1997. Effects of Hand-Rearing and Radiotransmitters 514 

on Flight of Gray Partridge. Journal of Wildlife Management 61:1345–1351. 515 

Robertson P.A., Wise D.R. & Blake K.A. 1993. Flying Ability of Different Pheasant Strains. Journal 516 

of Wildlife Management 57:778–782. 517 

Sarrazin F. & Barbault R. 1996. Reintroduction: challenges and lessons for basic ecology. Trends in 518 

Ecology & Evolution 11:474–8. 519 

Schaub M., Zink R., Beissmann H., Sarrazin F. & Arlettaz R. 2009. When to end releases in 520 

reintroduction programmes: demographic rates and population viability analysis of bearded vultures 521 

in the Alps. Journal of Applied Ecology 46:92–100. 522 

Seddon P. 1999. Persistence without intervention: assessing success in wildlife reintroductions. 523 

Trends in Ecology & Evolution 14:503. 524 

Seddon P., Armstrong, D.P. & Maloney R.F. 2007. Developing the science of reintroduction biology. 525 

Conservation Biology 21: 303-312. 526 

Teixeira C., Deazevedo C., Mendl M., Cipreste C., Young R. 2007. Revisiting translocation and 527 

reintroduction programmes: the importance of considering stress. Animal Behaviour 73:1–13. 528 

Watzke H. 2007. Results from satellite telemetry of great bustard in the Saratov region of Russia. 529 

Bustard Studies 6:83–98. 530 



23 
 

Williams D.R., Pople R.G., Showler D.A., Dicks L.V., Child M.F. & Sutherland W.J. 2013. Bird 531 

Conservation. 2nd ed. Exeter: Pelagic Publishing. 532 

Wolf C.M., Griffith B., Reed C. & Temple S.A. 1996. Avian and Mammalian Translocations : Update 533 

and of 1987 Survey Reanalysis Data. Conservation Biology 10:1142–1154.  534 



24 
 

Table 1. The number of eggs collected, hatched and transported from source population and released 535 

in the UK great bustard reintroduction trial from 2004 to 2014. In 2012, 6 eggs and 9 chicks were 536 

imported from Russia (Ru); in 2014 54 eggs and 2 chicks were imported from Spain (Sp). 537 

 2004 – 

2008 
2009 2010 2011 2012 2013 2014 Total 

Source population 

 

Ru Ru Ru Ru Ru - Sp  

Number of eggs 

collected 

 

232 48 46 60 42  0 56 484 

Number of eggs hatched 

 

154 38 32 49 35  0 44 352 

Number of chicks 

transported to the UK 

 

102 26 25 35 9 0 2 199 

Number of juveniles 

released in the UK 

86 18 23 29 11 0 33 200 

 538 

  539 
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Table 2. Summary of model selection from first-year survival models for great bustards in the UK 540 

reintroduction trial. Survival probability (Si) was specified as dependent on year of release, release 541 

site, release methodology (method), month of release (month), sex, transmitter type fitted 542 

(attachment) or constant (.). The probability of re-sighting a live individual (pi) and recovering a dead 543 

individual (ri) was specified as dependent on transmitter type (mark), sex, an interaction between 544 

attachment type and sex (mark × sex) or as constant (.). The probability that individuals remained in 545 

the sampling area (Fi) was held constant. 546 

 547 

 Model df AICc ΔAICc Weight 

1 S(attachment); p(.); r(attachment); F(.) 12 296.63 0.00 0.44 

2 S(.); p(.); r(attachment); F(.) 8 297.85 1.22 0.24 

3 S(site); p(.);  r(attachment); F(.) 9 300.07 3.44 0.08 

4 S(sex); p(.); r(attachment); F(.) 10 300.32 3.69 0.07 

5 S(method); p(.); r(attachment); F(.) 11 300.64 4.01 0.06 

6 S(attachment); p(sex); r(attachment); F(.) 14 301.30 4.67 0.04 

7 S(.); p(sex); r(attachment); F(.) 10 302.31 5.68 0.03 

8 S(site); p(sex); r(attachment); F(.) 11 304.57 7.94 0.01 

9 S(sex); p(sex); r(attachment); F(.) 12 304.87 8.24 0.01 

10 S(method); p(sex); r(attachment); F(.) 13 305.25 8.62 0.01 

 548 

  549 
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Table 3. Reproductive success of great bustards released in the UK.  550 

 
2004 - 

2008 
2009 2010 2011 2012 2013 2014 Total 

Number of nesting 

attempts 
2 2 4 2 2 2 5 19 

Number of nests 

hatched 
0 2 2 2 0 0 2 8 

Number of chicks re-

sighted at >100 days 

old 

0 1 0 0 0 0 0 1 

Number of chicks 

recruited into 

population 

0 0 0 0 0 0 0 0 

 551 

  552 
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Table 4. Demographic parameters used in population simulations and estimated population size after 553 

ten years (𝑁𝑁𝑡𝑡10). Parameters shown are the numbers of imported chicks released (𝐼𝐼), survival 554 

probability from release to first year post-release (𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝; n = 167), annual adult survival (𝑆𝑆𝑆𝑆; n = 17), 555 

and recruitment of individuals into the population from breeding of released individuals (𝑟𝑟). Errors 556 

shown are ±1 standard errors. Asterisks denote parameters from wild populations from Morales, 557 

Alonso and Alonso (2002) and crosses denote parameters from the reintroduced UK population.  558 

 Scenario 𝑰𝑰 𝑺𝑺𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 𝑺𝑺𝑺𝑺 𝒓𝒓 𝑵𝑵𝒕𝒕𝒕𝒕𝒕𝒕 

1 
Reintroduction 

continued 

20 
11.3% ± 

0.025† 

88.4% ± 

0.052† 
0† 16.9 ± 0.02 

2 40 
11.3% ± 

0.025† 

88.4% ± 

0.052† 
0† 29.9 ± 0.03 

3 

Reintroduction 

abandoned (average 

𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) 

0 
11.3% ± 

0.025† 

88.4% ± 

0.052† 
0† 3.9 ± 0.007 

4 0 
11.3% ± 

0.025† 
95.6%† 0† 8.2 ± 0.006 

5 0 
11.3% ± 

0.025† 

88.4% ± 

0.052† 
0.14 ± 0.09* 3.9 ± .007 

6 0 
11.3% ± 

0.025† 
95.6%† 0.14 ± 0.09* 8.8 ± 0.02 

7 

Reintroduction 

abandoned (high 𝑆𝑆𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝) 

0 17.5%† 
88.4% ± 

0.052† 
0† 4.6 ± 0.009 

8 0 17.5%† 95.6%† 0† 9.6 ± 0 

9 0 17.5%† 
88.4% ± 

0.052† 
0.14 ± 0.09* 10.3 ± 0.02 

10 0 17.5%† 95.6%† 0.14 ± 0.09* 20.4 ± 0.02 

 559 

  560 
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 561 

Figure 1. Estimated great bustard population size from 2014 – 2024 under different survival and 562 

recruitment scenarios (see table 4 for parameter values). Panel (a) shows population size where the 563 

reintroduction is continued and 20 (in grey) or 40 chicks (black) are released annually. Panel (b) 564 

shows population size if no further chicks are released with average post-release survival with 565 

(circles) and without recruitment (crosses) and with high post-release survival with (squares) and 566 

without (triangles) recruitment.  567 
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