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Abstract:  Gliding and soaring are important flight styles, which reduce the energy consumption of birds. Most of the 
migratory birds and raptors take advantage of these flight styles in order to stay in the air much longer. 
However, gliding and soaring cannot be seen in the great bustard Otis tarda, which prefers continuous 
flapping flight style. This study has been focused on possible glide ratio performance, which is not related 
to the weight of the great bustard. In this study, the glide performance of the great bustard is proved and 
calculated by CFD simulations. Results show that although great bustard is known as poor flyer, there 
is no aerodynamic obstacle to perform gliding or soaring. The possible reasons such as the lack of long-
distance migrations and feeding behaviour are discussed.
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Introduction
The great bustard Otis tarda Linnaeus, 1758 is the 
biggest species in the Western Palearctic species of 
the family Otididae (Otidiformes). The male great 
bustard is the heaviest flying bird in the World (to-
gether with the male Kori Bustard Ardeotis kori) 
(Alonso et al. 2009, Karakaya et al. 2017). The 
species is a globally threatened, classified as “Vul-
nerable” under IUCN conservation criteria and is 
listed in the CITES Appendix II (Alonso et al. 
2003, Kılıç & Karakaş 2005, Karataş & Özelmas 
2013, IUCN 2019). It has a wide distribution range, 
from Eastern Asia westwards to Iberian Penin-
sula and Northern Morocco (Alonso et al. 2003, 
Barati & Amerifar 2008, Horreo et al. 2013, 
Karataş et al. 2015, Karakaya et al. 2017). The 

world population of the great bustard is estimated 
to be 43,847–56,695 individuals in 2019, of which 
about 57-70% occur in Spain, while only 1-2% of 
the world population occur in Turkey (Alonso & 
Palacin 2010, IUCN 2019). The species has two 
discrete subpopulations in Turkey, one of them lo-
cated in inner Anatolia and inner part of Southern 
Anatolia, and the second one inhabiting Eastern 
and South-eastern Anatolia (Karakaş & Akarsu 
2009, Kılıç & Karakaş 2005). As great bustards 
have short and broad wings combined with high 
wing loadings, they are classified as “poor fly-
ers” according to Rayner’s categorisation (Rayner 
1988), making rapid reactions to unexpected ob-
stacles difficult (Bevanger 1998); their manoeu-
vrability is limited by their heavy weight and long 
wingspan (Raab et al. 2014). A study on power line 
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collisions in west-central Spain has indicated that 
birds with a high body mass and relatively short 
wings and tails, described as “poor flyers” such as 
great bustard and little bustard (Tetrax tetrax), are 
at greatest risk of collision (Janss 2000). 

Different approaches and calculation methods 
were applied to figure out the gliding performance. 
Wing morphology of birds is extraordinarily im-
portant in these studies. Airfoil structure, which is 
one of the most important aerodynamically deter-
minant elements, is one of these morphological fea-
tures. Simulation (CFD) studies are quite common 
to perform the lift and drag force analysis of airfoil 
(Brewer & Hertel 2007, Xin et al. 2010). Three-
dimensional modelling of complete wing structures 
of birds and obtaining airfoils from these models is 
another approach in these studies (Carruthers et 
al. 2010, Fisher et al. 2012).

The aim of the present study is to calculate the 
glide performance of juvenile and adult birds to fig-
ure out the possibility of gliding and soaring in this 
species. Results show that both juvenile and adult 
great bustards can glide or soar aerodynamically. 
Possible reasons why they prefer flapping wings in-
stead of gliding or soaring are discussed.

Materials and Methods
The data required to calculate gliding and soaring 
performance were obtained from juvenile and adult 
bird in captivity for rehabilitation (Table 1). 

The Equation (1), which determines the glide 
ratio, L/Dmax, is compiled by variables, which are 
only aspect ratio (AR), Oswald efficiency (e = de-
pends on the shape of the wing) and parasite drag 
coefficient. L/Dmax ratio represents pure flight per-
formance and equals to maximum glide ratio and 
maximum glide ratio occurs at minimum glide angle 
(θ) (Pennycuick 2008). 

			   (1) 

Oswald efficiency factor is calculated from 
(Rayner 1988):

e=f(AR)=1.1-0.016 (AR)		  (2) 

From Equation (2), e values are 0.99 for adult 
and 1.01 for the juvenile. 

	
			   (3) 

Also, Reynolds number is affected by the av-
erage mean chord of the bird, flight speed and air 
density, which is defined from: 

	 (4) 

Ʋ: kinematic viscosity of air. The velocity of 
the bird: 10 m/s.

In the XFLR5 simulation, the shape of the airfoil 
was drawn using data obtained from birds in rehabili-

Fig. 1. XFLR5 results of adult (left) and juvenile (right) great bustard. 

Table 1. Size and aerodynamic specifications of the juve-
nile and adult great bustard.  

Key specifications Juvenile 
(2-3 years)

Adult 
(>8 years)

Wingspan (b) 1.5 m 2.08 m
Wing area (S) 0.442 m2 0.68 m2

Aspect Ratio (AR) 5.1 6.36

Weight (W) 2.665 kg 
(26.14365 N)

9 kg  
(88.29 N)

Wing Loading (W/S) 6.0294 kg/m2 
(59.148 N/m2)

13.23 kg/m2 
(129.83 N/m2)
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tation. The range of Reynolds number in 2D analysis 
was between 50,000 to 350,000 with a step of 2500. 
The 3D analysis was performed at fixed speed (10 
m/s) and ring vortex (VLM2) included body drag. 
CFD analyses show that a young bird reaches 9 while 
an adult bird reaches 10 L/Dmax ratio (Fig. 1). 

If we calculate  value by equation (1),  of adult 
will be 0.04945 and juvenile will be 0.04993. After 
finding  value of both birds, we can find speed-per-
formance polar of the birds which show us minimum 
sink rate, the speed at minimum sink rate, of the 
birds. To create a drag polar (Pennycuick 2008): 

		
	 (5)

			 
	 (6)

On Figs. 2 and , the following calculations can 
be based (Pennycuick 2008): 

Results 
It can be clearly seen that the weight of the bird is 
ineffective on the glide ratio. Considering the age of 
the birds, the biggest change is the weight of the bird. 
So, that can explain why glide ratios are too close. 
However, the effects of weight can be seen at speed 
of max glide ratio. For certain CL coefficient, only 
parameter affecting the gliding speed is the wing 
loading, which is higher in adults. Advantage of the 

high wing loading means an adult can cover more 
distance in unit of time. However, the disadvantage 
of the high wing loading can be seen in the minimum 
sink speed ratio. Lower wing loading of juvenile pro-
vides 1.01 m/s sink speed while adult’s wing loading 
provides 1.28 m/s sinking speed (Table 2). 

Discussion
The obtained data have been utilised to design these 
birds as solid models in XFLR5 program and to 
make aerodynamic calculations. The parasite drag 
coefficient, which is the most crucial parameter in 
the calculation of glide performance, is higher in 
solid models then a living-bird body as demonstrat-
ed in previous studies (Maybury 2000). Therefore, 
in an actual bird flight, the effect of parasite drag 
would be lower, so that the real gliding performance 
is expected to be higher than simulation results. 

White-backed vulture (Gyps africanus) and An-
dean condor (Vultur gryphus) have the glide ratio of 
14 (Pennycuick 1971, McGahan 1973), black vul-
ture (Coragyps atratus) can reach 11.6 of glide ratio, 
Harris hawk (Parabuteo unicinctus) and Laggar fal-
con (Falco jugger) have 10.9 of glide ratio (Tucker 
& Heine 1990). In all of these birds, gliding and soar-
ing flights are frequently seen, although their data are 
close to those of the great bustard. According to ac-
quired data, there are no aerodynamic obstacles, espe-
cially in the gliding flight of great bustard. In addition, 

Table 2. Comparison of glide performance of juvenile 
and adult great bustads.

Gliding performance Juvenile 
(2–3 years)

Adult  
(>8 years)

Max. Glide Ratio (Eq. 1) 9 10
Speed at Max. Glide Ratio (Eq. 9) 11.08 m/s 13.85 m/s
Glide Angle (Eq. 3) 5.71° 6.27°
Min. Sink Speed (Eq. 8) 1.01 m/s 1.28 m/s
Speed at Min. Sink Speed (Eq. 7) 8.31 m/s 11.08 m/s

Fig. 2. Speed-Performance curve of adult great bustard. 

Fig. 3. Speed-Performance curve of juvenile great bustard.
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when we examine the places where the great bustard 
lives, it is seen that there are geographical formations 
and meteorological conditions where the power of the 
thermals can occur over 1 m/s. That means adults and 
especially juveniles with the slower speed at mini-
mum sink rate can take advantage of the thermals. 

Therefore, the only reason for the lack of gliding 
and soaring in these birds could be behaviour. How-
ever, we do not have the opportunity to test juveniles 
using an artificial remote-controlled glider to place 
these flight styles into their behaviour. Thus, we have 
no evidence or proof to support the claim that juve-
niles “cannot learn this behaviour”. The combination 
of the endangered status of the great bustard and the 
presence of human-induced risks (such as collisions 
into power lines) indicates that the differences in the 
flight behaviour determined by the morphological 
characteristics might be beneficial to avoid risks.

Furthermore, two statements can be drawn about 
why these bustards do not glide: (a) great bustards do 
not need to soar to find food and (b) flap-gliding is not 
an efficient mode for long-distance flights. This species 
make partial migration to the wintering areas where 
they can find more nutrients during the winter periods 
in some countries (Martin & Morales 2002, Raab 
et al. 2014). Therefore, the lack of gliding mode in the 
great bustards’ flight is associated with their feeding 
behaviour and the lack of long-distance migrations. It 
cannot be explained by any aerodynamic obstacles.
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