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Introduction 
Long-distance migratory birds have more pointed 

wings, with lower wing loading, and higher aspect 

ratio compared to residents (Kvist et al. 2001, Mila et 

al. 2008, Vanhooydonck et al. 2009). We tested the 

hypothesis that variation in wing morphology exists 

between two subspecies of Fork-tailed Flycatcher: 

Tyrannus savana monachus, which is a permanent 

resident, and T. s. savana, which is migratory  

  

We tested four predictions: (1) aspect ratio (wing 

length/wing area) is higher in migrants (sites B-E; Fig. 

1) than in residents (site A; Fig. 1); (2) wing loading 

(body mass/ wing area) is lower in migrants than in 

residents; (3) migrants have more pointed wings than 

residents, and (4) aspect ratio is higher, wing loading 

lower, and wings more pointed in long-distance 

migrants (sites D and E; Fig. 1) than in medium-

distance migrants (sites B and C; Fig. 1) 

Materials and Methods 

We captured and banded breeding flycatchers at five 

study sites; Fig. 1). We aged and sexed each 

flycatcher, measured body mass, wing chord, and 

Kipp’s distance (distance between the longest primary 

and first secondary), and took one photo of the right 

wing of each bird and with this photo calculated wing 

area and length using the program ImageJ 1.47v. 

Results 
Migrants vs. residents: 

Aspect ratio: Effect of sex only (χ2 = 34.72, df = 1, p < 

0.001; Fig. 2).  

Wing loading: Effect of sex only (χ2 = 3.01, df = 1, p = 

0.08).  

Wing pointedness: Weak effect of migration (χ2 = 

3.76, df = 1, p = 0.052), significant effect of sex (χ2 = 

19.76, df = 1, p < 0.001; Fig 3). 

 

 

Long- vs. medium-distance migrants: 

Aspect ratio: Effect of sex only (χ2 = 25.79, df = 1, p < 

0.001).    Wing loading: Significant interaction 

between migration and sex (χ2 = 8.51, df = 1, p = 

0.004), no effect of migration distance (χ2 = 0.29, df = 

1, ns) or sex (χ2 = 2.59, df = 1, ns; Fig. 4). 

Wing pointedness: Effect of sex only (χ2 = 16.72, df = 

1, p < 0.001). 

 

Overall,  we found a stronger effect of sex on wing 

morphology than migration. The main exception was 

that of wing pointedness, which may be under 

stronger selective pressure for more efficient or faster 

migration. For wing loading, the significant interaction 

between sex and migration distance may be due to 

differences in the roles of each sex during other parts 

of the year. For example, the need for flycatcher 

males to strongly defend mates and territories could 

be more important than performing a faster and 

efficient migration. In conclusion, it is possible that a 

lack of barriers to migration and/or other components 

of Fork-tailed Flycatcher natural history (e.g., the 

need to catch flying insects, which requires 

maneuverability but possibly not speed) results in an 

overall weak relationship between migration and wing 

morphology. 
 

 

. 

Analytical Methods 
 
We then used linear mixed effects models to determine 

if migratory propensity (migrant vs. sedentary) or 

distance (long vs. medium) predicted wing loading, wing 

chord, aspect ratio, or wing pointedness (Kipp's 

distance/wing chord) in R package 'lme4’. We included 

sex as a covariate, and included site as a random effect 

to account for repeated measures. We tested for an 

interaction between response variables and sex, and 

dropped the interaction in subsequent models if not 

significant. We summarized model results using 

marginal tests ('Anova' function in the R package 'car’), 

and compared competing models (i.e, lowest AIC) using 

likelihood ratio tests. 
 

 

Right wing photo 
 

Permanent resident breeding site: 

A. Reserva Natural y Productiva Tomo Grande  Vichada,   

Colombia (10° North)  

Medium-distance migrant breeding sites: 

B. Parque Alvorada, Distrito Federal, Brazil (16° South) 

C. Estação Ecológica de Itirapina, São Paulo, Brazil (22° South) 

Long-distance migrant breeding sites: 

D. Parque Provincial Luro, La Pampa, Argentina (36° South) 

E. Reserva Privada El Destino, Buenos Aires, Argentina (35° 

South) 

 

Breeding range of migrants(subspecies 

 savana) 

Breeding range of permanent residents  

(subspecies monachus) 

 

Winter range of medium- and long-

distance  

migrants (subspecies savana) 

 

Migration distances for long-distace migrants 
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Figure 1. Distribution of Fork-tailed Flycatcher and 

project study sites in South America. 
 

Figure 2. Aspect 

ratio of males and 

females 

Figure 4. Wing 

pointedness of 

sedentary vs.  

migrant males and 

females 

Figure 3. Wing 

loading of males 

and females by  

migration distance 
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