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Abstract.  

Migration is an energetically costly cyclic movement of animals that requires morphological, 

behavioral and physiological adaptations. Migration represents a significant event in the annual cycles 

of many birds due to its energetically demanding nature, especially for long-distance migrants. The 

Fork-tailed Flyatcher (Tyrannus savana) is partial long-distance migrant with migratory and year-round 

resident subspecies that coexist during part of their annual cycle. Given their different behavioral 

strategies and annual cycles, we aim to explore whether there are differences in beak morphology, 

foraging behavior and diet between migratory and year-round resident subspecies during coexistence. 

We captured migrant and year-round resident birds to compare beak size and shape. To study foraging 

behavior and diet we performed behavioral observations of birds during the time when they coexist in 

Eastern Colombia. We found significant differences in beak morphology, foraging behavior and diet 

proportion (insect versus fruit) between migrant and year-round resident of Fork-tailed Flycatchers. 

Specifically, we found that year-round resident birds have significantly larger beaks (taller, wider, and 

longer), in addition, year-round residents have signifficantly more flatted and shorter beaks than 

migrants. In tearms of foraging behavior, year-round residents perform significantly more foraging 

maneuvers related to search of insects on substrates than migrants. With regards to diet, the 

proportion of insect and fruit consumption differs between migrant and year-round resident 

populations, with migrants having major consumption of insects versus fruits and year-round residents 

in similar proportions diets. These differences in diet could be the result of physiological recovery from 

migration via high insect consumption for fast protein uptake. Additionally, differences in beak 

morphology and foraging behavior between migratory and year-round resident birds may indicate a 

partition of the feeding niche due to different selective pressures they face when in coexistence.  

Divergencia de la Morfología del Pico, el Comportamiento de Forrajeo y la Dieta entre Migrantes y 

Residentes de la Tijereta Sabanera (Tyrannus savana) 

Resumen: 

La migración es un movimiento cíclico de animales energéticamente costoso que requiere 

adaptaciones morfológicas, de comportamiento y fisiológicas. La migración representa un evento 

significativo en los ciclos anuales de muchas aves debido a su naturaleza energéticamente exigente, 

especialmente para los migrantes de larga distancia. El papamoscas cola de horquilla (Tyrannus 

savana) es un migrante parcial de larga distancia con subespecies migratorias y residentes durante 

todo el año que coexisten durante parte de su ciclo anual. Dadas sus diferentes estrategias de 

comportamiento y ciclos anuales, nuestro objetivo es explorar si existen diferencias en la morfología 

del pico, el comportamiento de alimentación y la dieta entre las subespecies migratorias y las 
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residentes durante todo el año durante la coexistencia. Capturamos aves migratorias y residentes 

durante todo el año para comparar el tamaño y la forma del pico. Para estudiar el comportamiento de 

alimentación y la dieta, realizamos observaciones del comportamiento de las aves durante el tiempo 

en que coexisten en el oriente de Colombia. Encontramos diferencias significativas en la morfología 

del pico, el comportamiento de búsqueda de alimento y la proporción de la dieta (insecto versus fruta) 

entre los migradores y los residentes durante todo el año de los papamoscas de cola de horquilla. 

Específicamente, encontramos que las aves residentes durante todo el año tienen picos 

significativamente más grandes (más altos, más anchos y más largos), además, los residentes durante 

todo el año tienen picos significativamente más planos y cortos que los migrantes. En equipos de 

comportamiento de alimentación, los residentes durante todo el año realizan significativamente más 

maniobras de alimentación relacionadas con la búsqueda de insectos en los sustratos que los 

migrantes. Con respecto a la dieta, la proporción de consumo de insectos y frutas difiere entre las 

poblaciones de migrantes y residentes durante todo el año, siendo los migrantes los que tienen un 

mayor consumo de insectos en comparación con las frutas y los residentes durante todo el año con 

dietas de proporciones similares. Estas diferencias en la dieta podrían ser el resultado de la 

recuperación fisiológica de la migración a través del alto consumo de insectos para una rápida 

absorción de proteínas. Además, las diferencias en la morfología del pico y el comportamiento de 

alimentación entre las aves migratorias y las residentes durante todo el año pueden indicar una 

partición del nicho de alimentación debido a las diferentes presiones selectivas que enfrentan cuando 

coexisten. 

Key words: Migration, diet, morphology, foraging behavior, coexistence, beak. 

Introduction 

Migration is a complex behavioral strategy occurring across many animal taxa (Dingle 2014), which 

consists of cyclical movements of individuals from breeding to non-breeding grounds (Dingle & Drake 

2007). Migration requires a variety of morphological, behavioral and physiological adaptations for 

efficient long-distance movement, collectively known as “migratory syndromes” (Piersman 2005, 

Dingle 2006, Åkesson & Hedenström 2007). In birds, adaptations for efficient flight and energy intake 

and storage are reflected in morphology, behavior and physiology (Alerstam 1991, Bairlein & Gwinner 

1994, Klaassen 1996, Piersman 2005, Hedenström 2008, Vágási 2016). Such adaptations are 

particularly important in long-distance migratory systems, where the costs of migration influence 

migratory routes and breeding success (Norris et al. 2004, Gómez et al. 2017).  

Diet in migratory birds often responds to the energetic demands of migration; for example, individuals 

may increase carbohydrate intake via fruit consumption as a source of energy for migration and switch 
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diets depending on the demands of various stages of their annual cycles (Bairlein & Simons 1995). For 

instance, Eastern Kingbirds (Tyrannus tyrannus) change their diet from insects on their breeding 

grounds in North America to mostly fruits in the wintering grounds in Amazonia (Fitzpatrick 1980b). 

After migration, on the other hand, to rebuild atrophied muscles, birds may increase their protein 

intake, often via greater consumption of insect prey (Bauchinger & Biebach 2001, Bayly et al. 2021). In 

contrast, diet in non-migratory species can be affected by other key events of their annual cycle such 

as molt or reproduction (Recher 1990). For example, because nestlings require high protein intake for 

fast growth, diet during the breeding season often involves high insect consumption (Maher 1979, 

García-Navas & Sanz 2011).  

Morphology and behavior in birds are tightly linked, with beak size and shape being good predictors 

of diet and foraging behavior (Olsen 2017, Pigot et al. 2020). Therefore, because birds with different 

behavioral strategies (i. e. migration versus year-round residency) likely have different dietary needs, 

they are expected to exhibit differences in beak morphology. In Tyrant flycatchers (family Tyrannidae), 

long and wide beaks tend to be associated with aerial insect foraging maneuvers and with the capture 

of larger prey (Fitzpatrick 1985). In turn, flycatchers with medium sized beaks are usually dietary 

generalists, which forage on both fruits and a variety of insects (Fitzpatrick 1985). 

The Fork-tailed Flycatcher (Tyrannus savana) is a partially migratory species comprising three year-

round resident subspecies (T. s. monachus, T. s. sanctamartae and T. s. circumdatus) that breed in 

Central America and northern South America, and one long-distance austral migratory subspecies (T. 

s. savana), which breeds in southern South America and spends the non-breeding period in northern 

South America (del Hoyo et al. 2004). Divergence between year-round resident and migratory forms 

occurred around 1.08 mya, likely as a response to environmental changes that promoted the 

establishment of year-round resident populations which do not appear to interbreed with migratory 

populations from which they are also morphologically and behaviorally distinct (Gomez-Bahamon et 

al. 2020, 2020b). Genetic isolation and phenotypic divergence between migratory and resident forms 

is likely a result of allopatric divergence in the breeding grounds and allochronic breeding (migrants 

breed from October to January whereas year-round residents from January to April), and suggest that 

migrant Fork-tailed Flycatchers are likely a different species from the year-round resident group 

(Gomez-Bahamon et al. 2020, 2020b).  

The Fork-tailed Flycatcher system is well suited to address questions about divergent morphology 

between migratory and year-round resident subspecies and its association with behavioral strategies. 

Here, we addressed the question of whether there are morphological, behavioral and dietary 

differences between subspecies differing in migratory strategy. We hypothesized that morphological 
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and behavioral differences between migrants and year-round residents are linked to differences in 

feeding behavior and diet. Specifically, we predicted that, when subspecies co-occur, migrants would 

have a more fruit-based diet because of the energetic demands associated with migration. In addition, 

we expected beak morphology of migrants to be consistent with a generalist diet (i. e. medium sized 

beaks; Fitzpatrick 1985). In contrast, we expected year-round residents to have an insect-based diet to 

meet their reproductive demands, and a beak morphology consistent with active aerial insect foraging 

(larger, wider and more triangular beaks; Fitzpatrick 1985).  

Methodology 

Study sites 

We collected morphological data from migratory (T. s. savana) and year-round resident (T. s. 

monachus) individuals when they coexist in Northern South America and when they are in allopatry 

between 2014 and 2022. In total, data includes individuals from 4 countries (Argentina, Brazil, 

Colombia, Guyana and Venezuela) across a total of 14 field sites: Argentina (El Destino, La Pampa), 

Brazil (Boa Vista, Brasilia, EE Itirapina), Colombia (Antioquia, Arauca, Cali, Carimagua, Popayan, Tomo 

Grande), Guyana (Abary Creek), and Venezuela (Maracay, Valera). 

Behavioral observations of migratory and year-round resident Fork-tailed Flycatchers were performed 

at the Reserva Natural Tomo Grande (4°50’12” N, 70°12’56” W) in the Vichada department of 

Colombia, from 8th to 28th April 2022. In this locality, T. s. savana and T. s. monachus coexist during 

part of their annual cycle in tropical savanna habitats. At the time we performed our observations, 

individuals form the migrant subspecies had just arrived from the fall migration from the South 

whereas most resident individuals were in their breeding season (Gomez-Bahamon et al. 2020).   

Beak morphology. 

We captured birds using mist nests placed 2 to 4 meters from roosting sites and using playback of calls 

broadcast 2 meters from the roosting sites before sunrise and sunset (Jahn et al. 2013). To distinguish 

migrants and year-round residents, we observed the back color, which is darker grey in the migratory 

T. s. savana than in year-round resident T. s. monachus. We also noted the less extensive white collar 

of T. s. savana, and the presence of a notch on primary feather 8 exclusive of T. s. savana males (Pyle 

1997). To study beak morphology, we measured body mass using a digital scale, and tarsus and beak 

measurements (beak height, culmen length and beak width) using calipers. We analyzed data for 323 

migratory and 75 for year-round resident birds. 

Beak size measurements were standardized by dividing them by tarsus length. We did not use weight 

as proxy for size because of fluctuations related to migration. We studied beak shape by considering 
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the relationship among the three size measurements: we estimated beak height with respect to width 

(BH/BW), beak height with respect to culmen length (BH/C) and beak width with respect to culmen 

length (BW/C). 

Foraging behavior and Diet 

We established 16 observation sites for foraging behavior observations, 10 for migratory birds and 6 

for the year-round residents. Sites were located near different species of trees in which migratory Fork-

tailed Flycatchers were observed foraging in previous seasons, and near territories where we found 

active nests of year-round residents. We collected branches (including fruits when possible) from most 

of the trees in which migrants and year-round residents were foraging for identification. 

We made behavioral observations in the morning (from 6h to 11h) and afternoon (from 15h30 to 18h) 

over 20 days. Each observation lasted 15 minutes, consisting of 5 minutes of accommodation and 10 

of active observation. Each day 12 sites were randomly chosen for observation, 6 for migratory birds 

and 6 for year-round residents.  

To quantify foraging behavior, we modified published methods (Fitzpatrick 1980, Remsen & Robinson 

1990). At observation sites, we counted every time an individual employed a foraging maneuver in a 

10-minute period. In total, seven aerial maneuvers were identified, five of which were associated with 

active insect foraging (sally, sally strike, sally hover, sally pounce and screen; Figure 1; Table 1) and two 

with fruit foraging (sally fruit and fruit perch; Figure 1; Table 1).  

We estimated proportions of insects and fruits in the diet of each subspecies using data from the 

foraging behavior observations. We recorded every time that we saw a bird catching and eating an 

insect or a fruit. Based on these data, we calculated the proportion of prey types eaten by each 

subspecies. The percentage of insect and fruit consumed was calculated from the total maneuvers 

each subspecies made. 

Statistical analyses. 

We assessed differences in foraging behavior between subspecies by counting the number of times 

each subspecies made a maneuver. We compared medians between subspecies using a Mann-

Whitney U test, considering observation periods as replicates. At observation sites, we counted every 

time an individual made a maneuver. Then, we divided the total maneuvers made in a single 

observation site by the total number of individuals present.  

Additionally, we used Mann-Whitney U tests to assess differences between subspecies in beak size. 

Independent t-student, permutation and Mann-Whitney U test were performed for the shape data 
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(BH/BW, BH/C and BW/C, respectively). All statistical analyses were performed in the R-studio 

software (R Core Team 2023). 

Results 

Beak morphology. 

Beak size was significantly different between migrants and year-round residents in all three dimensions 

that we measured (Figure 2 a-c), and beak shape differed in two of the three indices that we analyzed 

(Figure 2 d-f). Overall, year-round residents had significantly larger beaks (taller, wider and longer) 

than migrants (beak height/tarsus length, p-value < 0.05, W statistic = 9249.5; beak width/tarsus 

length, p-value < 0.001 Statistic (W) = 11003.5; culmen length/tarsus length, p-value < 0.001 Statistic 

(W) = 14376; Table 2; Figure 2 a-c) 

Beak shape was also significantly different among migratory and year-round residents when we 

analyzed beak height with respect to width: year-round residents have flattened beaks that are also 

wider than those of migrants (p-value < 0.001, t = -4.6843, df = 102.83; Table 2; Figure 2 d). We did not 

find differences in beak shape between migratory and year-round residents for beak height with 

respect to culmen length (p-value = 0.200584, number of permutations 1’000.000; Table 2; Figure 2 

e). Finally, year-round residents had shorter and wider beaks than migrants: the beak width with 

respect to culmen length was greater in residents (p-value < 0.001, W statistic = 11062.5; Table 2; 

Figure 2 f) 

Foraging behavior. 

Most insect-related foraging maneuvers were observed at a similar rate among individuals identified 

as migratory and year-round residents (Figure 3, Table 3). However, residents engaged in two foraging 

maneuvers more frequently than migrants: sally strike (p-value = 0.044, W statistic = 33.5; Table 3) and 

sally hover (p-value = 0.026, W statistic = 5; Table 3). These maneuvers are related to search for insect 

prey on substrates, often observed while birds intended to capture larger and more stationary insect 

prey. Finally, none of the fruit-related foraging maneuvers were significantly different in their 

frequency of among birds with different migratory strategies (Table 3). 

Diet. 

Migrants fed mostly on insects and rarely consumed fruit (90.3 % of insect consumption versus 9.7 % 

if fruit consumption, Figure 4 a). In contrast, year-round residents feed from both insect and fruit in 

similar proportions (56.6 % of insect consumption versus 43.4 % of fruit consumption, Figure 4 b). 

Migratory individuals were observed foraging on more species of trees (Acacia mangium, Anacardium 
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occidentale, Byrsonima crassifolia, Curatella americana, Miconia poeppigii and Simarua amara), which 

were all fruiting. In contrast, year-round residents were observed foraging mostly on one of the tree 

species in which they place their nests (C. americana). Fruit consumption by this group consisted of 

fruits of C. americana and of the shrub Miconia albicans. 

Discussion 

In agreement with our expectation, beak morphology of migrant individuals of Fork-tailed Flycatchers 

would be consistent with a generalist diet (i. e. medium-sized beaks). We found that migrants had 

smaller (shorter and narrower) and taller beaks than resident individuals. It is also possible that these 

differences in morphology respond to the aerodynamic pressures for migration, in addition to the 

differences in foraging behavior or diet. Efficient flight for migration results in migratory individuals 

being leaner and smaller overall (Hedenström & Alerstam 1998). Evidence for morphological 

adaptations to migration has already been found in the system, as migrants have pointier wings and 

shorter tails than residents (Gómez-Bahamón et al. 2020).  

In addition, we had predicted that, when subspecies co-occur, migrants would have a more fruit-based 

diet because of migratory energetic demands. In contrast, we found that migrants had a more insect-

based diet in Eastern Colombia, which suggests that diet may be more reflective of physiological 

recovery from migration (Muñoz-Garcia et al. 2012). By the time we made our observations, migrants 

had just arrived to their wintering grounds, and it is possible that the higher insect consumption is 

explained by muscular and gastrointestinal tissue recovery, as seen in Blackpoll Warblers Setophaga 

striata (Bayly et al. 2021) and Eurasian Blackcaps Sylvia atricapilla (Muñoz-Garcia et al. 2012). Because 

insects offer more protein than most fruits, rapid tissue recovery should promote high insect 

consumption in migrants (Bauchinger & Biebach 2001, Bayly et al. 2021).  

A recent study found that migrants also have an insect-based diet prior to spring migration, possibly 

associated to food availability during the wet season (MacPherson et al. 2021). We expected year-

round residents to have an insect-based diet to meet their reproductive demands. However, found 

that year-round residents fed from both insect and fruit in similar proportions. The relatively high 

consumption of insects and fruits by year-round residents may be a response to the energetic 

requirements of reproduction in males (nestling feeding) and females (egg laying and hatching) (King 

1973, Maher 1979, Poulin et al. 1992, García-Navas & Sanz 2011). It is possible that year-round 

residents increased their foraging behavior to search and catch insects on substrates more frequently 

than migrants. Nevertheless, we do not know if this tendency in behavior of year-round residents is 

persistent throughout the year, or if it only lasts during the breeding season.  
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Finally, we expected year-round residents to have a beak morphology consistent with active aerial 

insect foraging (larger, wider and more triangular beaks). Consistently, we found that year-round 

residents had larger, wider and more flattened beaks than migrant individuals. Given links between 

form and function in birds (Olsen 2017, Pigot et al. 2020), such differences in beak morphology may 

allow residents to perform more substrate-related foraging maneuvers than migrants, because such 

maneuvers are related to a greater consumption of larger and stationary prey in other species of 

flycatchers (Fitzpatrick 1985). In fact, residents searched and captured insects on substrates more 

frequently than migrants.  

To conclude, we found that migratory and year-round resident Fork-tailed flycatchers that coexist in 

the llanos of Colombia differed in beak morphology, foraging behavior and diet. Such differences could 

have resulted from correlated evolution associated with each behavioral strategies or from different 

requirements at different points of the annual cycle (reproduction versus migration). Future studies 

should include the use of blood stable isotope analysis, fecal samples and prey capture to better 

understand diet partitioning at a more detailed level. 
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Figures and Tables 

Table 1. Foraging maneuvers detailed description table.  

  

 

 

 

 

 

 

 

 

 



 

Table 2. Beak measurements of size and shape. Measures for size show p-value, statistic (W), mean for migrants and for residents for the Mann-Whitney U 1 

test. Measures for shape show p-value, statistic and mean for migrants and residents for independent t-student, permutation and Mann-Whitney U test were 2 

performed for Beak height/Beak width, Beak height/Culmen and Beak width/Culmen, respectively. All beak measurements were significantly different 3 

between migrants and residents, except for Beak height/Culmen. 4 
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Table 3. Foraging behavior table. Foraging maneuvers and their respective Mann-Whitney U test 12 

statistic (W), p-value, mean for migrants and for residents. Only Sally Strike and Sally Hover maneuvers 13 

where significantly different between subspecies. 14 
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 32 
Figure 1. Foraging behavior of the Fork-tailed Flycatcher. Foraging maneuvers. 1) Sally; 2) Sally Strike; 33 

3) Sally Hover; 4) Sally Pounce; 5) Screen; 6) Sally Fruit; 7) Fruit Perch. Based on Fitzpatrick. J. (1980) y 34 

Remsen, J. V., & Robinson, S. K. (1990). 35 
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 42 

Figure 2. Migratory and year-round resident subspecies of Fork-tailed Flycatchers (T. savana), differ in 43 

beak shape and size. Resident birds have significantly bigger beaks (taller, wider, and longer) that 44 

migratory birds (a, b, c). Furthermore, resident birds have signifficantly more squashed and shorter 45 

beaks than migrants (d, f, g). For all size measurements we did the non-parametric Mann-Whitney test. 46 

Permutation, independent t-student and Mann-Whitney U test were performed for Beak 47 

height/Culmen, Beak height/Beak width and Beak width/Culmen, respectively. Red asterisks show 48 

significant differences between migrant and residents. 49 

 50 

 51 

 52 

 53 

 54 

 55 

 56 

 57 

 58 

 59 

 60 



[Escriba aquí] 
 

19 
 

 61 

Figure 3. Resident birds do foraging maneuvers related to foraging search of insect preys on substrates 62 

than migrants. There are significant differences between migratory and year-round resident 63 

subspecies in sally strike and sally hover maneuvers. Additionally, year--round resident birds have a 64 

nonsignificant tendency to do the Fruit Perch maneuver more than migrants. We used the Mann-65 

Whitney U test to analyze all the maneuvers. Red asterisks show significant differences between 66 

migrant and residents. 67 

 68 

 69 

 70 

 71 

 72 

 73 

 74 

 75 

 76 

 77 



[Escriba aquí] 
 

20 
 

 78 

Figure 4. Proportion of insect vs fruit consumption change between migratory and year-round resident 79 

subspecies of Fork-tailed Flycatcher. Migratory birds have a majority consumption of insects (90.3 %) 80 

versus fruits (9.7 %). Whereas resident birds have a more balanced diet between insects (56.6 %) and 81 

fruits (43.4 %).   82 
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