
For their movements raptors use thermal and ridge-lift updrafts gaining altitude and moving between two 

consecutive updrafts using flapping-gliding flight (Kerlinger 1989, Bildstein 2006). Gliding speed of raptors 

was supposed to be influenced by the birds morphology and weather conditions. Studies made in the 90's in 

the Middle East highlighted that ground-speed during interthermal gliding differed significantly among 

species, in particular larger raptors showed faster gliding speed than smaller ones (Spaar 1997). As an 

explanation it was stated that larger wingspan reduces both induced and profile drag (Pennycuick 2008) 

while wing loading increases with the increase in body mass allowing higher gliding speeds (Mendelsohn et 

al. 1989). However, a recent study showed that flight speeds of various gliding raptors converge to a narrow 

range (Horvitz et al. 2014). In this pictures we would like to compare preliminary data on the ground-speeds 

of raptors migrating in spring in Southern continental Italy. 
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STUDY AREA AND METHODS 
We compared ground-speed (resulting from gliding and sustained flight) of migrating raptors using a Marine 

Surveillance Radar set horizontally alongside visual observations. Fieldwork was carried out in spring 2014 in 

a mountainous area some km inland of the Strait of Messina (Fig.1, Southern Italy) that is well known as a 

migratory bottleneck (Panuccio 2011). The radar echoes were associated to the bird species and the flock 

size identified by the observers (Kerlinger & Gauthreaux 1985a, 1985b). The screenshots (Fig. 2) were 

processed as video frames with radR 2.5.1 package in R software (Francis et al. 2014). RadR allows to 

assign coordinates and time to the echoes which can then be imported into a GIS software for movement 

analyses (Fig. 3). Weather data were collected using a meteo station with the anemometer positioned about 

ten metres above the ground close to the radar station. Weather data concerning wind direction, wind speed 

(km/h), air pressure (mbar), air humidity (%), temperature (°C) were downloaded every ten minutes. Before 

conducting the analysis we checked for autocorrelation of variables using Spearman's tests, as a results we 

did not consider air temperature and humidity in the analysis. A GLM was run to explain ground-speed 

variation in relation to wind speed and direction (and their interaction), air pressure, time of the day, flock size, 

and species.  

 Fig. 1 – The Central Mediterranean with the study 
area indicated by a circle.  

Fig. 3– Tracks of raptors considered in the analysis. Different colors are 
used to represent different species of raptors while different arrow size 
reflects different flock size. 
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Fig. 2 – Example of a radar screenshot. In green a flock of 
Honey buzzards during gliding flight.   



We compared the ground-speed calculated on 30 tracks of different species of 

raptors (Tab 1; Honey buzzard Pernis apivorus, Montagu's harrier Circus 

pygargus, Marsh Harrier Circus aeruginosus, Black Kite Milvus migrans) and 

found no significant differences between species despite Honey Buzzards being 

slightly faster than Circus spp. (Fig.4). Similarly a recent comparison of the flight 

performances of Common buzzards (Buteo buteo) and Sparrowhawks (Accipiter 

nisus) found no differences between the two species (Malmiga et al. 2014). Our 

results show that ground-speed increases at midday and in the afternoon 

probably because of the stronger thermal activity (Tab. 2). On the other hand 

ground-speed decreases with the increasing strength of lateral and tail winds. 

This result is in agreement with a recent study suggesting that raptors adjust their 

gliding speed according to the risk of grounding or switching to costly flapping-

flight as a consequence of risk-sensitive behaviour (Horvitz et al. 2014). 

 

Table 1 - Table showing data for each species. 
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Species Mean track length    
(m ± SE) 

Mean speed        
(m/s ± SE) Mean flock size Sample size 

Honey buzzard 824.2 ± 61.3 13.9 ± 0.6 11 ± 2 16 

Montagu's harrier 402 ± 63.8 12 ± 1.1 2.75 ± 0.5 4 

Pallid/Montagu's h. 425.8 13.8 1.3 3 

Marsh harrier 498.8 ± 93 13.8 ± 0.4 3.4 ± 1.7 5 

Black kite 848.2 15.5 4.5 2 

Explanatory term F P 

Flock size 0.8 >0.05 

Time of the day 4.6 <0.05* 

Species 2.5 >0.05 

Air pressure 4.2 >0.05 

Wind direction 2.7 >0.05 

Wind speed 0.02 >0.05 

Wind speed * Wind direction 4.8 <0.05* 

Fig.4 – Ground-speed of Circus spp. (on the left) 
and of Honey buzzards (on the right) 

Table 2 - Results of GLM explaining the ground-speed variation of 
migrating raptors. The asterisk indicates the significance of the 
variable in the model. 

 

Acknowledgements 
 
We would like to thank 
Luca Moiana and 
TERNA. Moreover we 
thank Martina Scacco, 
Antonino Duchi, 
Angelo Scuderi and 
Giuseppe Martino for 
their help during the 
fieldwork. 

References 
 
Bildstein K. 2006. Migrating Raptors of the World. Cornell University Press, Ithaca, USA.  
Francis C.M., Taylor P.D., Brzustowski J. & Zimmerling J.R. 2014. Use of marine radar to evaluate collision risk of migrants with wind turbines. Proceedings 
of the 26th International Ornithological Congress 2014, Tokyo: pag. 24. 
Horvitz N., Sapir N., Liechti F., Avissar R., Mahrer I. & Nathan R. 2014. The gliding speed of migrating birds: slow and safe or fast and risky? Ecology Letters 
doi: 10.1111/ele.12268 
Kerlinger P. 1989. Flight strategies of migrating hawk. Chicago University Press, Chicago, USA. 
Kerlinger P. & Gauthreaux S. 1985a.  Seasonal  timing,  geographic  distribution,  and  flight  behavior of Broad-winged  Hawks during  spring  migration  in  
south  Texas:  a radar and  direct visual  study.  Auk  102:735-743. 
Kerlinger P. & Gauthreaux S. 1985b. Flight behavior of raptors during  spring migration in south Texas studied with radar and  visual  observations.  Journal 
of Field Ornithology 56(4): 394-402. 
Malmiga G., Nilsson C., Backman J. & Alerstam T. 2014. Interspecific comparison of the flight performance between sparrowhawks and common buzzards 
migrating at the Falsterbo peninsula: A radar study. Current Zoology, in press. 
Mendelsohn J.M., Kemp A.C., Biggs H.C. & Brown C.J. 1989. Wing areas, wing loadings and wing spans of 66 species of African raptors. Ostrich 60: 35-42. 
Panuccio M. 2011. Wind effects on visible raptor migration in spring at the Strait of Messina, southern Italy. Journal of Raptor Research 45:88–92. 
Pennycuick C. 2008. Modelling the Flying Bird. Academic Press, UK. 
Spaar R. 1997. Flight strategies of migrating raptors; a comparative study of interspecific variation in flight characteristics. Ibis 139: 523-535. 

 

RESULTS AND DISCUSSION 

- XXII Spanish Ornithological Congress - 


	Ground-speed of migrating raptors as revealed by a surveillance radar���Michele Panuccio1,2,3*, Viviana Stanzione1, Carlo Catoni1, Giacomo Biasi3, �Mauro Santini1, Giuseppe Bogliani2 and Giacomo Dell'Omo1��1Ornis italica, piazza Crati 15, 00199, Rome, Italy�2DSTA, Università degli Studi di Pavia, via Ferrata 9, 27100, Pavia, Italy�3 MEDRAPTORS , Mediterranean Raptor Migration Network, via Mario Fioretti 18, 00152, Rome, Italy �*Corresponding author, email: panucciomichele@gmail.com 
	We compared the ground-speed calculated on 30 tracks of different species of raptors (Tab 1; Honey buzzard Pernis apivorus, Montagu's harrier Circus pygargus, Marsh Harrier Circus aeruginosus, Black Kite Milvus migrans) and found no significant differences between species despite Honey Buzzards being slightly faster than Circus spp. (Fig.4). Similarly a recent comparison of the flight performances of Common buzzards (Buteo buteo) and Sparrowhawks (Accipiter nisus) found no differences between the two species (Malmiga et al. 2014). Our results show that ground-speed increases at midday and in the afternoon probably because of the stronger thermal activity (Tab. 2). On the other hand ground-speed decreases with the increasing strength of lateral and tail winds. This result is in agreement with a recent study suggesting that raptors adjust their gliding speed according to the risk of grounding or switching to costly flapping-flight as a consequence of risk-sensitive behaviour (Horvitz et al. 2014).�

