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The effectiveness of any reinforcement program must be carefully assessed on the long term. It implies continuing ecological studies to gather fundamental knowledge on the species under consideration, and to measure and compare life history parameters of released and recipient wild 

populations. In the last decades, wild populations of the North African Houbara bustard, Chlamydotis undulata undulata, declined drastically due to over hunting, poaching and habitat degradation. The alarming status of the species, led to the creation, in 1995, of the Emirates Center for 

Wildlife Propagation (ECWP) in eastern Morocco. The project mission is to restore and secure sustainable houbara populations. In morocco, since 1995, ECWP has developed a reinforcement program based on conservative captive breeding (Figures 1, 2 and 3), combined with effective 

protection measures (reserves, hunting management). About 10,000 houbaras were already released (4870 between 1998 and spring 2007, and 5155 between spring 2007 and spring 2008). In the meantime, studies on houbara biology, ecology and behaviour helped to increase 

fundamental knowledge on the species. Life history parameters, measured on wild and released birds, were compared to evaluate the success of the reinforcement program, i.e. the ability of released individuals to survive and to breed into the wild.

Figure 3 . Emirates Center for wildlife Propagation’s released areas in Morocco.

Data Collection
Between 2002 and 2007, 780 released and 306 wild houbaras were radio tagged 

and individually monitored (VHF and Satellite tracking). In addition, nest counts and 

monitoring were carried out each year. Data provided by these studies were used to 

estimate annually the following life history parameters:

• Adult survival : breeder > 2 years old

• Mean clutch size.

• Nest survival: the probability that a nest survive until hatching (successful nest).

• Hatching success: mean number of hatched eggs among successful nests

• Chicks survival: until 5, 15, 30 days and to fledging.

• Age of fledging : age of live chicks when they leave their mother.

Analyses
Survival rates were estimated using the Kaplan Meier method, and compared with a log 

rank test (Kaplan, 1985; Nur, 2004). Mean comparisons were realised using parametric 

(ANOVA) and non-parametric tests (Kruskal-Wallis).

� Nest survival of released females did not 

vary according to their age of breeding.

 

Origin /Sex  Male Female Total  Survival (± SD)  Log Rank test 

Wild 80 91 171 0.91 ± 0.02 NS 

Released 46 79 125 0.94 ± 0.02 NS 

Total  126 170 296 NS  

Survival of adult breeders > 2 years old

Survival of adult breeders did not differ:
� between released and wild birds
� between years
� between sexes
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Survival after release to 1 year old

Captive bred houbaras are released at the age of 6 to 10 months. Post release survival of 

houbaras was high, with at mean 67% of birds alive at one year after release.

� Nest survival  was significantly greater 

for wild females in 2004, and varied 

between years

Nest survival

n Survival rate n Survival rate

2003 11 0.54 ± 0.15 53 0.74 ± 0.09 NS

2004 53 0.68 ± 0.06 60 0.87 ± 0.06 p = 0.01

2005 12 0.47±0.15 15 0.66 ± 0.17 NS

2006 43 0.70 ± 0.07 39 0.68 ± 0.07 NS

2007 42 0.63 ± 0.08 51 0.51 ± 0.09 NS

Total 161 0.60 ± 0.04 218 0.69 ± 0.04 NS

Log-rank NS p = 0.01

Released females Wild females
Log-rankYears

Chick survival and age of fledging

n Survival rate n Survival rate

5 days 0.90 ± 0.02 0.87 ± 0.03 NS

30 days 0.43 ± 0.04 0.53 ± 0.04 NS

60 days 0.27 ± 0.04 0.39 ± 0.04 P = 0.05

Fledging 0.24 ± 0.04 0.35 ± 0.04 P = 0.05
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Age

Chicks from released female Chicks from wild female

Log-rank

Mean ages of fledging of chicks from 

wild and released females did not 

differ and  were 111 days ( ± 38) and  

99 (± 26) respectively.

Chicks from wild females had a 

better survival at 60 days to 

fledging.
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Life history  parameters measured on wild and released houbaras showed that the ECWP reached one its main objectives: releasing birds 

able to survive and to breed in the wild, and which will contribute to the natural population recovery. One year after released alive females 

(67%) are 1.5 to 2 years old. At this age, most of them are breeders. In the natural environment, released females showed similar abilities 

to lay and to breed chicks successfully to wild ones. However, in 2004, significant differences were measured between wild and released 

females in nest survival and clutch size. This year, heavy rainfalls and locust migrations were recorded, and wild females probably took 

benefit from these favourable environmental conditions. The houbara is a long live bird and breeding experience of wild females might 

influence their ability to deal with local cues. Data showed an age effect on the clutch size of released females. In 2004, after ECWP first 

large release operations (Figure 2), most of the females were less than 2 years old and bred for the first time. They were probably less 

experienced than wild females, which were all confirmed breeders (>2 years old). Since 2006, in order to better understand the effects of 

age and  breeding experience on female life breeding success, wild chicks are trapped and radio-tagged for long time surveys.

Inter-annual variations in breeding parameters, duration time for recruitment of new breeders, and potential effects of age and experience 

of individuals, highlighted the importance of long term surveys to accurately evaluate the success of a reinforcement program.
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Released female recruitment
Among released houbaras, the recruitment of new breeding 
females occurred mainly at two years old (80%) and 
appeared highly variable between years at one year old 
(80% in 2004 against 0 in 2005). At 4 years old, 100% of 
alive released females had  bred at least once.

Mean clutch size :

� varied significantly between years for wild and rel eased

� differed between wild and released in 2002 and 2004

� increased significantly with released female age

Breeding

Clutch size

Hatching success

The mean hatching success was 1.9 ± 0.7 and did not differ:

� between wild and released females

� between years

� between released females aged from 1 to 3 years old

DISCUSSION

Mean clutch size accoring to female age
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Figure 2. Evolution of ECWP Houbara production and releases 

Figure 1. ECWP Breeding
Station, Missour, Morocco.
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