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While adaptive regulation of body mass with life history stage or food and weather has been 
shown before in the wild, earlier studies have been unable to tease apart their independent 
contributions because they were conducted in seasonal environments where life history 
stage covaries with environmental conditions. Whether seasonal or temporal variation in 
body mass results from phenotypically plastic responses to current environmental 
conditions or from evolutionary adaptation to long term patterns is also not clear, yet very 
relevant in light of reports about disruption of the fit between fixed annual programs of 
birds and environmental variation due to climate change. Hence, we examined body mass 
variation in Red-capped Larks in an equatorial system that was previously described as 
seasonal but currently stochastic, and asked (1). Is body mass variation better explained by 
evolutionary adaptation to long term weather patterns or by phenotypically plastic 
responses to current weather conditions? (2). How strong of a cue are weather patterns in 
predicting future food availability or does food vary in an unpredictable manner, and if so, 
(3). Do Red-capped Larks’ body masses vary dependent on life history stage or increase 
with higher food availability to buffer against unanticipated harsh times in the stochastic 
environment, independent of life history stage? In this study we found the phenotypically 
plastic response of body mass to weather differed between sexes which may reflect 
differing sex linked fitness costs to plasticity. Contrary to prediction, we provide strong 
evidence that despite the unpredictable and stochastic environment Red-capped larks 
reduced body mass with increased food and favorable weather. However, body mass did 
not differ between birds in quiescence and birds in breeding although molting females were 
lighter than females in quiescence and in breeding. These observations suggest that Red-
capped larks maintain preparedness year-round to opportunistically breed but are leaner 
during molting that entails aerodynamic costs due to missing flight feathers.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Introduction 
 
It is well-established by both theoretical and empirical studies that body mass of birds reflects a 
trade-off between having extra body reserves to reduce the risk of starvation (the starvation 
hypothesis) and having the lowest mass possible to maximize the chance of escape from predators 
(the mass-dependent predation hypotheses); a phenomenon termed adaptive body mass regulation 
(e.g. Ekman & Hake 1990, Lilliendahl 1997, Ratikainen and Wright 2013). Increased body mass 
resultant of higher body reserves allows birds to survive better during harsh environmental 
conditions e.g. food shortage (Ratikainen and Wright 2013). In addition, it allows individuals to 
engage in energy demanding activities of self maintenance and breeding when energy requirements 
may exceed energy intake (Lima 1986). However, associated costs of attaining and maintaining 
high body mass are manifold and include increased energy costs of locomotion, hampered 
movement during foraging, and higher predation vulnerability due to reduced agility and speed 
and/or more intensive foraging (Lima, 1986; Zimmer et al., 2011; Heldstab et al., 2017). Body 
reserves in birds are therefore maintained below the physiological capacity at an optimal level 
dependent on the trade-off between benefits and costs, and shaped by a bird’s environment (Brodin 
2001, Nettle et al. 2017, Ekman and Hake 1990, Lilliendahl 1997) and the energy requirements 
associated with the various life history stages (Yasué et al. 2003, Hoye and Buttemer 2011). 

In seasonal environments, including temperate environments and tropical areas with 
distinct dry and wet seasons, environmental factors influencing adaptive body mass variation such 
as rainfall, ambient temperature and food availability are highly correlated. Similarly, energetically 
intensive life history events such as breeding and molting are highly synchronized with the seasonal 
weather patterns and generally occur during peak food availability (Drent and Daan 1980, Sharp 
1996, Wikelski et al. 2000). For birds in these environments, adaptive body mass therefore changes 
in a preprogrammed seasonal pattern in simultaneous response to environmental conditions and 
life history stage demands (Cresswell 1998, Macleod et al. 2005). In contrast, non-seasonal 
environments, including some equatorial tropical environments in East Africa, experience 
stochastic fluctuations in food availability and weather, both within and between years. Birds living 
in these areas are faced with a challenge in planning and often breed year-round. In these stochastic 
environments it has been suggested that birds should constantly maintain reserves to 
opportunistically breed and molt (Vleck and Priedkalns 1985), because they (1) cannot fully 
anticipate the expected start of favorable environmental conditions for breeding and (2) cannot 
respond immediately to changes in the environment (because physiological preparations take 
considerable time) (Tökölyi et al. 2012). While some studies have investigated the effect of either 
life history stage (Moreno 1989, Swaddle and Witter 1997, Nwaogu et al. 2017) or food and 
environment (Cuthill et al. 2000, Cresswell 2003, Macleod and Gosler 2006, Cooper 2007) 
separately on body mass variation, we are not aware of studies that have considered these factors 
simultaneously. Yet, non-seasonal environments with year round breeding are especially suited to 
simultaneously study and disentangle effects of environment (weather and food availability) and 
life history stage in adaptive body mass regulation.  

For birds living in stochastic equatorial tropical environments the optimal strategy of body 
mass regulation will depend on the predictive power of local environmental cues (Cuthill et al. 
2000). Whereas in predictable seasonal environments, evolutionary adaptations of annual programs 
of body mass change have been found, in unpredictable or non-seasonal environments, 
phenotypically plastic ability to adjust to the environment in real time at the moment may be the 
better strategy (Sergio et al. 2011). Studies analyzing phenology, determinants and influences of 
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life history stages have mostly focused on the population level, assuming that populations have 
either evolved adaptive fixed traits over the course of generations or the required flexibility to adopt 
adaptive behavior according to local social and environmental conditions (Ricklefs and Wikelski 
2002). However, although in tropical environments lack of seasonality in life history stages at the 
population level is attributed to the ability of individuals to breed under different environmental 
conditions, it is generally unknown if these individuals differ in condition or in their response to 
environmental and social conditions (Nwaogu et al. 2018). Hence, within-individual patterns are 
required to decouple relationships between body mass change, environmental or social factors, and 
life history stages.  

Red-capped Larks in Kedong, Kenya, have previously shown to be an excellent system to 
study birds’ adaptations and responses to a non-seasonal stochastic equatorial environment. In this 
population, Red-capped Larks breed year-round with no seasonality, while weather patterns lack 
any predictable seasonal fashion (Ndithia et al. 2017a). Likewise, invertebrate abundances, the 
main food for Red-capped Larks, are unpredictable as well (Ndithia et al. 2017b, Mwangi et al. 
2018). Neither current weather patterns nor food availability could explain timing of breeding 
(Ndithia et al. 2017a). Using an established color-ringed population, following individual birds is 
possible in addition to the population level studies.   

In this study, we examined which environmental and social factors best explained body 
mass variation in Red-capped Larks in an aseasonal tropical environment. Specifically, we first 
investigated if Red-capped Larks body mass is better explained by evolutionary adaptation to long 
term weather patterns or by phenotypically plastic responses to current weather conditions. Second, 
to investigate how strong of a cue weather patterns are in predicting body mass and future food 
availability, we explored the critical time windows, per environmental factor, that explained A. 
body mass, and B. food availability. Third, we examined if and how body mass was explained by 
all current socio-environmental factors combined, using two analyses. The first analysis included 
males and females in breeding and molt, and hence allowed inclusion of sex and life history stage 
interactions. The second analysis was restricted to females only, which allowed inclusion of birds 
in quiescence, in addition to breeding and molt. Finally, we investigated if within individual 
differences in body mass among life history stages resembled the population level patterns. We 
predicted that, in our non-seasonal stochastic study system, 1) phenotypic plasticity in response to 
current weather conditions better explained body mass than evolutionary adaptation to long-term 
weather patterns, and 2) weather time-windows had no predictive value for either body mass or 
food availability. In addition, to reduce starvation risk and to maintain reserves to opportunistically 
breed and molt, we predicted that 3) Red-capped larks increased body mass under good conditions 
as measured by food availability, rainfall, temperature and nesting activities. With year round 
breeding and hence continuous preparedness to breed, 4) we did not expect within individual 
differences in body mass among phases of breeding and quiescence.  
 
 
Materials and methods 
 
Study species and study site 
We studied a population of Red-capped larks (Calandrella cinerea) at Kedong ranch (S 00° 53.04ʹ, 
E 036° 24.51ʹ, 1890 m above sea level), Naivasha, Kenya. Red-capped larks are resident birds 
distributed widely in Africa. They occur in short grasslands where they predominantly feed on 
invertebrates (Ndithia et al. 2017a). Red-capped Larks breed year round, and breeding and non-

 
 

 
 

breeding individuals frequently co-occur in the same population (Ndithia et al. 2017a, b, Mwangi 
et al. 2018). Kedong ranch is an extensive ranch located on the floor of the Rift valley and 
sandwiched between two national reserves (Ndithia et al. 2017a). The area consists of grasslands 
interspersed with scattered woodlands, and is mainly used by free ranging wildlife and extensive 
livestock grazing (Mwangi et al. 2018). Dominant wildlife species in the ranch include Zebra Equus 
burchelli, Kongoni Alcephalus buselaphus and Thomson's gazelle Gazella thomsonii (Kiringe 
1993).   
 
Capturing and measuring birds and assessing life history stages  
We caught 463 adult Red-capped larks in a total of 619 capture events during 64 months, from 
February 2011 to May 2016, using mists nets and nest traps. We caught 105 birds more than once 
(mean ± SD = 2.49 ± 0.90, range 2 - 6), accounting for 261 capture events. We ringed all birds with 
a unique numbered aluminum ring and ultraviolet resistant color bands for individual identification. 
We measured body mass to the nearest 0.1g using a 50g Pesola scale. We also measured tarsus 
length, wing length, and head. We classified the molt life history stage of each bird (yes/no) based 
on presence of molting primary wing feathers. Breeding life history stage of females was 
determined by presence or absence of a brood patch. In males, we could only assign breeding with 
certainty when we caught them with an active nest. As a result, we classified the life history stage 
categories of females as breeding, molting or quiescence, and of males as breeding, molting or 
unknown. As some females, especially during breeding, have the same rufous crown as males, we 
collected blood samples for molecular sexing from all individuals using brachial veni puncture. 
Blood samples were carried on ice and stored in a freezer until lab analysis (Ndithia et al. 2017b). 
We extracted DNA from red blood cells using an ammonium acetate method (Richardson et al., 
2001) and determined sex following Van der Velde et al. (2017). Using this combination of field 
sexing (presence/absence of brood patch during breeding) and the molecular method 244 birds 
were sexed as females and 182 as males. We were unable to identify the sex of 37 individuals, 
which were subsequently excluded from further analysis. Red-capped larks mean body mass was 
24.0 ± 1.75 g SD (range 18 - 36.6 g). Body mass was lower in females (mean ± SD = 23.9 ± 1.56 
g, n = 236) than in males (mean ± SD = 24.2 ± 2.01 g, n = 174), but the difference was not 
significant (F 1, 408 = 2.20, P = 0.14). 
 
Weather, invertebrate biomass and population level breeding 
We recorded current weather conditions, monitoring daily rainfall (Crain) and minimum (CTmin) 
and maximum (CTmax) temperature using weather stations (2011-2014, Alecto WS-3500, Den 
Bosch, the Netherlands; 2014-2016, Vantage Vue, Davis, the Netherlands) located at the field site. 
Yearly Crain averaged 420.6 ± 136.08 mm (SD) (N = 5) and monthly Crain was 35.1 ± 37.27 mm 
(n = 64) with no consistent intra-annual patterns. Mean monthly CTmax was 26.3 ± 3.71 °C (n = 
64), while mean monthly CTmin was 11.2 ± 1.73 °C (n = 64). We also obtained long term weather 
records of rainfall (Lrain), maximum (LTmax) and minimum (LTmin) temperature for the years 1983-
2012 from data collected at Sarah Higgins Kijabe farm located 10 kilometers from the field site. 
From these weather records we calculated the average monthly rainfall and the maximum and 
minimum average daily temperature per month as the long term weather patterns. 

Every month, we sampled ground invertebrate biomass using pitfalls, and flying 
invertebrates using sweep nets. For ground invertebrates, we used four transects with five pitfalls 
each, inserted in the ground so that the top of the trap was level with the soil surface. We walked 
transects with a sweep net on the day we collected the contents of pitfalls. To estimate monthly 
insect biomass, we used invertebrate calibration curves specific for 10 taxa categories to calculate 
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adaptive behavior according to local social and environmental conditions (Ricklefs and Wikelski 
2002). However, although in tropical environments lack of seasonality in life history stages at the 
population level is attributed to the ability of individuals to breed under different environmental 
conditions, it is generally unknown if these individuals differ in condition or in their response to 
environmental and social conditions (Nwaogu et al. 2018). Hence, within-individual patterns are 
required to decouple relationships between body mass change, environmental or social factors, and 
life history stages.  

Red-capped Larks in Kedong, Kenya, have previously shown to be an excellent system to 
study birds’ adaptations and responses to a non-seasonal stochastic equatorial environment. In this 
population, Red-capped Larks breed year-round with no seasonality, while weather patterns lack 
any predictable seasonal fashion (Ndithia et al. 2017a). Likewise, invertebrate abundances, the 
main food for Red-capped Larks, are unpredictable as well (Ndithia et al. 2017b, Mwangi et al. 
2018). Neither current weather patterns nor food availability could explain timing of breeding 
(Ndithia et al. 2017a). Using an established color-ringed population, following individual birds is 
possible in addition to the population level studies.   

In this study, we examined which environmental and social factors best explained body 
mass variation in Red-capped Larks in an aseasonal tropical environment. Specifically, we first 
investigated if Red-capped Larks body mass is better explained by evolutionary adaptation to long 
term weather patterns or by phenotypically plastic responses to current weather conditions. Second, 
to investigate how strong of a cue weather patterns are in predicting body mass and future food 
availability, we explored the critical time windows, per environmental factor, that explained A. 
body mass, and B. food availability. Third, we examined if and how body mass was explained by 
all current socio-environmental factors combined, using two analyses. The first analysis included 
males and females in breeding and molt, and hence allowed inclusion of sex and life history stage 
interactions. The second analysis was restricted to females only, which allowed inclusion of birds 
in quiescence, in addition to breeding and molt. Finally, we investigated if within individual 
differences in body mass among life history stages resembled the population level patterns. We 
predicted that, in our non-seasonal stochastic study system, 1) phenotypic plasticity in response to 
current weather conditions better explained body mass than evolutionary adaptation to long-term 
weather patterns, and 2) weather time-windows had no predictive value for either body mass or 
food availability. In addition, to reduce starvation risk and to maintain reserves to opportunistically 
breed and molt, we predicted that 3) Red-capped larks increased body mass under good conditions 
as measured by food availability, rainfall, temperature and nesting activities. With year round 
breeding and hence continuous preparedness to breed, 4) we did not expect within individual 
differences in body mass among phases of breeding and quiescence.  
 
 
Materials and methods 
 
Study species and study site 
We studied a population of Red-capped larks (Calandrella cinerea) at Kedong ranch (S 00° 53.04ʹ, 
E 036° 24.51ʹ, 1890 m above sea level), Naivasha, Kenya. Red-capped larks are resident birds 
distributed widely in Africa. They occur in short grasslands where they predominantly feed on 
invertebrates (Ndithia et al. 2017a). Red-capped Larks breed year round, and breeding and non-

 
 

 
 

breeding individuals frequently co-occur in the same population (Ndithia et al. 2017a, b, Mwangi 
et al. 2018). Kedong ranch is an extensive ranch located on the floor of the Rift valley and 
sandwiched between two national reserves (Ndithia et al. 2017a). The area consists of grasslands 
interspersed with scattered woodlands, and is mainly used by free ranging wildlife and extensive 
livestock grazing (Mwangi et al. 2018). Dominant wildlife species in the ranch include Zebra Equus 
burchelli, Kongoni Alcephalus buselaphus and Thomson's gazelle Gazella thomsonii (Kiringe 
1993).   
 
Capturing and measuring birds and assessing life history stages  
We caught 463 adult Red-capped larks in a total of 619 capture events during 64 months, from 
February 2011 to May 2016, using mists nets and nest traps. We caught 105 birds more than once 
(mean ± SD = 2.49 ± 0.90, range 2 - 6), accounting for 261 capture events. We ringed all birds with 
a unique numbered aluminum ring and ultraviolet resistant color bands for individual identification. 
We measured body mass to the nearest 0.1g using a 50g Pesola scale. We also measured tarsus 
length, wing length, and head. We classified the molt life history stage of each bird (yes/no) based 
on presence of molting primary wing feathers. Breeding life history stage of females was 
determined by presence or absence of a brood patch. In males, we could only assign breeding with 
certainty when we caught them with an active nest. As a result, we classified the life history stage 
categories of females as breeding, molting or quiescence, and of males as breeding, molting or 
unknown. As some females, especially during breeding, have the same rufous crown as males, we 
collected blood samples for molecular sexing from all individuals using brachial veni puncture. 
Blood samples were carried on ice and stored in a freezer until lab analysis (Ndithia et al. 2017b). 
We extracted DNA from red blood cells using an ammonium acetate method (Richardson et al., 
2001) and determined sex following Van der Velde et al. (2017). Using this combination of field 
sexing (presence/absence of brood patch during breeding) and the molecular method 244 birds 
were sexed as females and 182 as males. We were unable to identify the sex of 37 individuals, 
which were subsequently excluded from further analysis. Red-capped larks mean body mass was 
24.0 ± 1.75 g SD (range 18 - 36.6 g). Body mass was lower in females (mean ± SD = 23.9 ± 1.56 
g, n = 236) than in males (mean ± SD = 24.2 ± 2.01 g, n = 174), but the difference was not 
significant (F 1, 408 = 2.20, P = 0.14). 
 
Weather, invertebrate biomass and population level breeding 
We recorded current weather conditions, monitoring daily rainfall (Crain) and minimum (CTmin) 
and maximum (CTmax) temperature using weather stations (2011-2014, Alecto WS-3500, Den 
Bosch, the Netherlands; 2014-2016, Vantage Vue, Davis, the Netherlands) located at the field site. 
Yearly Crain averaged 420.6 ± 136.08 mm (SD) (N = 5) and monthly Crain was 35.1 ± 37.27 mm 
(n = 64) with no consistent intra-annual patterns. Mean monthly CTmax was 26.3 ± 3.71 °C (n = 
64), while mean monthly CTmin was 11.2 ± 1.73 °C (n = 64). We also obtained long term weather 
records of rainfall (Lrain), maximum (LTmax) and minimum (LTmin) temperature for the years 1983-
2012 from data collected at Sarah Higgins Kijabe farm located 10 kilometers from the field site. 
From these weather records we calculated the average monthly rainfall and the maximum and 
minimum average daily temperature per month as the long term weather patterns. 

Every month, we sampled ground invertebrate biomass using pitfalls, and flying 
invertebrates using sweep nets. For ground invertebrates, we used four transects with five pitfalls 
each, inserted in the ground so that the top of the trap was level with the soil surface. We walked 
transects with a sweep net on the day we collected the contents of pitfalls. To estimate monthly 
insect biomass, we used invertebrate calibration curves specific for 10 taxa categories to calculate 
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life history stages have mostly focused on the population level, assuming that populations have 
either evolved adaptive fixed traits over the course of generations or the required flexibility to adopt 
adaptive behavior according to local social and environmental conditions (Ricklefs and Wikelski 
2002). However, although in tropical environments lack of seasonality in life history stages at the 
population level is attributed to the ability of individuals to breed under different environmental 
conditions, it is generally unknown if these individuals differ in condition or in their response to 
environmental and social conditions (Nwaogu et al. 2018). Hence, within-individual patterns are 
required to decouple relationships between body mass change, environmental or social factors, and 
life history stages.  

Red-capped Larks in Kedong, Kenya, have previously shown to be an excellent system to 
study birds’ adaptations and responses to a non-seasonal stochastic equatorial environment. In this 
population, Red-capped Larks breed year-round with no seasonality, while weather patterns lack 
any predictable seasonal fashion (Ndithia et al. 2017a). Likewise, invertebrate abundances, the 
main food for Red-capped Larks, are unpredictable as well (Ndithia et al. 2017b, Mwangi et al. 
2018). Neither current weather patterns nor food availability could explain timing of breeding 
(Ndithia et al. 2017a). Using an established color-ringed population, following individual birds is 
possible in addition to the population level studies.   

In this study, we examined which environmental and social factors best explained body 
mass variation in Red-capped Larks in an aseasonal tropical environment. Specifically, we first 
investigated if Red-capped Larks body mass is better explained by evolutionary adaptation to long 
term weather patterns or by phenotypically plastic responses to current weather conditions. Second, 
to investigate how strong of a cue weather patterns are in predicting body mass and future food 
availability, we explored the critical time windows, per environmental factor, that explained A. 
body mass, and B. food availability. Third, we examined if and how body mass was explained by 
all current socio-environmental factors combined, using two analyses. The first analysis included 
males and females in breeding and molt, and hence allowed inclusion of sex and life history stage 
interactions. The second analysis was restricted to females only, which allowed inclusion of birds 
in quiescence, in addition to breeding and molt. Finally, we investigated if within individual 
differences in body mass among life history stages resembled the population level patterns. We 
predicted that, in our non-seasonal stochastic study system, 1) phenotypic plasticity in response to 
current weather conditions better explained body mass than evolutionary adaptation to long-term 
weather patterns, and 2) weather time-windows had no predictive value for either body mass or 
food availability. In addition, to reduce starvation risk and to maintain reserves to opportunistically 
breed and molt, we predicted that 3) Red-capped larks increased body mass under good conditions 
as measured by food availability, rainfall, temperature and nesting activities. With year round 
breeding and hence continuous preparedness to breed, 4) we did not expect within individual 
differences in body mass among phases of breeding and quiescence.  
 
 
Materials and methods 
 
Study species and study site 
We studied a population of Red-capped larks (Calandrella cinerea) at Kedong ranch (S 00° 53.04ʹ, 
E 036° 24.51ʹ, 1890 m above sea level), Naivasha, Kenya. Red-capped larks are resident birds 
distributed widely in Africa. They occur in short grasslands where they predominantly feed on 
invertebrates (Ndithia et al. 2017a). Red-capped Larks breed year round, and breeding and non-

 
 

 
 

breeding individuals frequently co-occur in the same population (Ndithia et al. 2017a, b, Mwangi 
et al. 2018). Kedong ranch is an extensive ranch located on the floor of the Rift valley and 
sandwiched between two national reserves (Ndithia et al. 2017a). The area consists of grasslands 
interspersed with scattered woodlands, and is mainly used by free ranging wildlife and extensive 
livestock grazing (Mwangi et al. 2018). Dominant wildlife species in the ranch include Zebra Equus 
burchelli, Kongoni Alcephalus buselaphus and Thomson's gazelle Gazella thomsonii (Kiringe 
1993).   
 
Capturing and measuring birds and assessing life history stages  
We caught 463 adult Red-capped larks in a total of 619 capture events during 64 months, from 
February 2011 to May 2016, using mists nets and nest traps. We caught 105 birds more than once 
(mean ± SD = 2.49 ± 0.90, range 2 - 6), accounting for 261 capture events. We ringed all birds with 
a unique numbered aluminum ring and ultraviolet resistant color bands for individual identification. 
We measured body mass to the nearest 0.1g using a 50g Pesola scale. We also measured tarsus 
length, wing length, and head. We classified the molt life history stage of each bird (yes/no) based 
on presence of molting primary wing feathers. Breeding life history stage of females was 
determined by presence or absence of a brood patch. In males, we could only assign breeding with 
certainty when we caught them with an active nest. As a result, we classified the life history stage 
categories of females as breeding, molting or quiescence, and of males as breeding, molting or 
unknown. As some females, especially during breeding, have the same rufous crown as males, we 
collected blood samples for molecular sexing from all individuals using brachial veni puncture. 
Blood samples were carried on ice and stored in a freezer until lab analysis (Ndithia et al. 2017b). 
We extracted DNA from red blood cells using an ammonium acetate method (Richardson et al., 
2001) and determined sex following Van der Velde et al. (2017). Using this combination of field 
sexing (presence/absence of brood patch during breeding) and the molecular method 244 birds 
were sexed as females and 182 as males. We were unable to identify the sex of 37 individuals, 
which were subsequently excluded from further analysis. Red-capped larks mean body mass was 
24.0 ± 1.75 g SD (range 18 - 36.6 g). Body mass was lower in females (mean ± SD = 23.9 ± 1.56 
g, n = 236) than in males (mean ± SD = 24.2 ± 2.01 g, n = 174), but the difference was not 
significant (F 1, 408 = 2.20, P = 0.14). 
 
Weather, invertebrate biomass and population level breeding 
We recorded current weather conditions, monitoring daily rainfall (Crain) and minimum (CTmin) 
and maximum (CTmax) temperature using weather stations (2011-2014, Alecto WS-3500, Den 
Bosch, the Netherlands; 2014-2016, Vantage Vue, Davis, the Netherlands) located at the field site. 
Yearly Crain averaged 420.6 ± 136.08 mm (SD) (N = 5) and monthly Crain was 35.1 ± 37.27 mm 
(n = 64) with no consistent intra-annual patterns. Mean monthly CTmax was 26.3 ± 3.71 °C (n = 
64), while mean monthly CTmin was 11.2 ± 1.73 °C (n = 64). We also obtained long term weather 
records of rainfall (Lrain), maximum (LTmax) and minimum (LTmin) temperature for the years 1983-
2012 from data collected at Sarah Higgins Kijabe farm located 10 kilometers from the field site. 
From these weather records we calculated the average monthly rainfall and the maximum and 
minimum average daily temperature per month as the long term weather patterns. 

Every month, we sampled ground invertebrate biomass using pitfalls, and flying 
invertebrates using sweep nets. For ground invertebrates, we used four transects with five pitfalls 
each, inserted in the ground so that the top of the trap was level with the soil surface. We walked 
transects with a sweep net on the day we collected the contents of pitfalls. To estimate monthly 
insect biomass, we used invertebrate calibration curves specific for 10 taxa categories to calculate 
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life history stages have mostly focused on the population level, assuming that populations have 
either evolved adaptive fixed traits over the course of generations or the required flexibility to adopt 
adaptive behavior according to local social and environmental conditions (Ricklefs and Wikelski 
2002). However, although in tropical environments lack of seasonality in life history stages at the 
population level is attributed to the ability of individuals to breed under different environmental 
conditions, it is generally unknown if these individuals differ in condition or in their response to 
environmental and social conditions (Nwaogu et al. 2018). Hence, within-individual patterns are 
required to decouple relationships between body mass change, environmental or social factors, and 
life history stages.  

Red-capped Larks in Kedong, Kenya, have previously shown to be an excellent system to 
study birds’ adaptations and responses to a non-seasonal stochastic equatorial environment. In this 
population, Red-capped Larks breed year-round with no seasonality, while weather patterns lack 
any predictable seasonal fashion (Ndithia et al. 2017a). Likewise, invertebrate abundances, the 
main food for Red-capped Larks, are unpredictable as well (Ndithia et al. 2017b, Mwangi et al. 
2018). Neither current weather patterns nor food availability could explain timing of breeding 
(Ndithia et al. 2017a). Using an established color-ringed population, following individual birds is 
possible in addition to the population level studies.   

In this study, we examined which environmental and social factors best explained body 
mass variation in Red-capped Larks in an aseasonal tropical environment. Specifically, we first 
investigated if Red-capped Larks body mass is better explained by evolutionary adaptation to long 
term weather patterns or by phenotypically plastic responses to current weather conditions. Second, 
to investigate how strong of a cue weather patterns are in predicting body mass and future food 
availability, we explored the critical time windows, per environmental factor, that explained A. 
body mass, and B. food availability. Third, we examined if and how body mass was explained by 
all current socio-environmental factors combined, using two analyses. The first analysis included 
males and females in breeding and molt, and hence allowed inclusion of sex and life history stage 
interactions. The second analysis was restricted to females only, which allowed inclusion of birds 
in quiescence, in addition to breeding and molt. Finally, we investigated if within individual 
differences in body mass among life history stages resembled the population level patterns. We 
predicted that, in our non-seasonal stochastic study system, 1) phenotypic plasticity in response to 
current weather conditions better explained body mass than evolutionary adaptation to long-term 
weather patterns, and 2) weather time-windows had no predictive value for either body mass or 
food availability. In addition, to reduce starvation risk and to maintain reserves to opportunistically 
breed and molt, we predicted that 3) Red-capped larks increased body mass under good conditions 
as measured by food availability, rainfall, temperature and nesting activities. With year round 
breeding and hence continuous preparedness to breed, 4) we did not expect within individual 
differences in body mass among phases of breeding and quiescence.  
 
 
Materials and methods 
 
Study species and study site 
We studied a population of Red-capped larks (Calandrella cinerea) at Kedong ranch (S 00° 53.04ʹ, 
E 036° 24.51ʹ, 1890 m above sea level), Naivasha, Kenya. Red-capped larks are resident birds 
distributed widely in Africa. They occur in short grasslands where they predominantly feed on 
invertebrates (Ndithia et al. 2017a). Red-capped Larks breed year round, and breeding and non-

 
 

 
 

breeding individuals frequently co-occur in the same population (Ndithia et al. 2017a, b, Mwangi 
et al. 2018). Kedong ranch is an extensive ranch located on the floor of the Rift valley and 
sandwiched between two national reserves (Ndithia et al. 2017a). The area consists of grasslands 
interspersed with scattered woodlands, and is mainly used by free ranging wildlife and extensive 
livestock grazing (Mwangi et al. 2018). Dominant wildlife species in the ranch include Zebra Equus 
burchelli, Kongoni Alcephalus buselaphus and Thomson's gazelle Gazella thomsonii (Kiringe 
1993).   
 
Capturing and measuring birds and assessing life history stages  
We caught 463 adult Red-capped larks in a total of 619 capture events during 64 months, from 
February 2011 to May 2016, using mists nets and nest traps. We caught 105 birds more than once 
(mean ± SD = 2.49 ± 0.90, range 2 - 6), accounting for 261 capture events. We ringed all birds with 
a unique numbered aluminum ring and ultraviolet resistant color bands for individual identification. 
We measured body mass to the nearest 0.1g using a 50g Pesola scale. We also measured tarsus 
length, wing length, and head. We classified the molt life history stage of each bird (yes/no) based 
on presence of molting primary wing feathers. Breeding life history stage of females was 
determined by presence or absence of a brood patch. In males, we could only assign breeding with 
certainty when we caught them with an active nest. As a result, we classified the life history stage 
categories of females as breeding, molting or quiescence, and of males as breeding, molting or 
unknown. As some females, especially during breeding, have the same rufous crown as males, we 
collected blood samples for molecular sexing from all individuals using brachial veni puncture. 
Blood samples were carried on ice and stored in a freezer until lab analysis (Ndithia et al. 2017b). 
We extracted DNA from red blood cells using an ammonium acetate method (Richardson et al., 
2001) and determined sex following Van der Velde et al. (2017). Using this combination of field 
sexing (presence/absence of brood patch during breeding) and the molecular method 244 birds 
were sexed as females and 182 as males. We were unable to identify the sex of 37 individuals, 
which were subsequently excluded from further analysis. Red-capped larks mean body mass was 
24.0 ± 1.75 g SD (range 18 - 36.6 g). Body mass was lower in females (mean ± SD = 23.9 ± 1.56 
g, n = 236) than in males (mean ± SD = 24.2 ± 2.01 g, n = 174), but the difference was not 
significant (F 1, 408 = 2.20, P = 0.14). 
 
Weather, invertebrate biomass and population level breeding 
We recorded current weather conditions, monitoring daily rainfall (Crain) and minimum (CTmin) 
and maximum (CTmax) temperature using weather stations (2011-2014, Alecto WS-3500, Den 
Bosch, the Netherlands; 2014-2016, Vantage Vue, Davis, the Netherlands) located at the field site. 
Yearly Crain averaged 420.6 ± 136.08 mm (SD) (N = 5) and monthly Crain was 35.1 ± 37.27 mm 
(n = 64) with no consistent intra-annual patterns. Mean monthly CTmax was 26.3 ± 3.71 °C (n = 
64), while mean monthly CTmin was 11.2 ± 1.73 °C (n = 64). We also obtained long term weather 
records of rainfall (Lrain), maximum (LTmax) and minimum (LTmin) temperature for the years 1983-
2012 from data collected at Sarah Higgins Kijabe farm located 10 kilometers from the field site. 
From these weather records we calculated the average monthly rainfall and the maximum and 
minimum average daily temperature per month as the long term weather patterns. 

Every month, we sampled ground invertebrate biomass using pitfalls, and flying 
invertebrates using sweep nets. For ground invertebrates, we used four transects with five pitfalls 
each, inserted in the ground so that the top of the trap was level with the soil surface. We walked 
transects with a sweep net on the day we collected the contents of pitfalls. To estimate monthly 
insect biomass, we used invertebrate calibration curves specific for 10 taxa categories to calculate 
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dry mass from body length and width (Ndithia et al. 2017a). The mean ± SD monthly ground 
invertebrate biomass was 15.6 mg ± 10.89 (n = 61) while the monthly flying invertebrate biomass 
was 20.8 mg ± 11.24 (n = 57).  

To quantify population level breeding intensity we searched for nests throughout the 
sampling period. Our search intensity averaged 20 ± 1.0 (SE) days per month (range 7-31 d/mo) 
and 245 ± 31.2 (SE) hours per month (range 17-825 h/mo). To standardize effort, we calculated a 
monthly nesting intensity as number of nests found per month per ten search hours. We recorded 
nesting in 42 of the 64 months monitored with a mean ± SD monthly nesting intensity of 1.3 ± 1.34 
nests/10 search hours (n = 42) and found Red-capped larks nesting in all calendar months (Ndithia 
et al. 2017b, Mwangi et al. 2018). 

 
 
Statistical Analysis 
 
We performed all statistical analyses in R 3.3.0 (R Core Team 2016) within the R-studio graphical 
user interface (RStudio Team 2016). Although it is common practice to calculate a body condition 
index by relating body mass against a linear measure of size to calculate either ratio indices 
(Labocha et al. 2014) or the scaled mass index (Peig and Green 2009), doing so in our study did 
not change the results due to weak correlation between body mass and our two linear measures of 
size, tarsus and wing length (both < 0.20). We therefore decided to use body mass of the birds for 
all statistical tests rather than a body condition index.  
 
Phenotypic plasticity versus long-term evolutionary adaptation: Body mass variation in Red-
capped Larks relative to current and long term weather conditions 
To assess whether body mass of Red-capped Larks was better explained by current prevailing 
weather or long-term average weather patterns, while also taking into consideration sex and life 
history stage, we used general linear models. We first ran models with current weather, long term 
weather, life history stage and the interaction life history stage x weather separately for males and 
females. Secondly we ran models with current weather, long term weather, sex and the interaction 
sex x weather separately for breeding and molting birds. Lrain, LTmax and LTmin were correlated 
and so we ran the models for each weather factor separately. After running each general linear 
model, we then generated a subset of models from the global model using the dredge function 
(Barton 2018) by restricting the model set to only those models containing either current or long 
term weather but not both. We did this including either life history stage (for the separate models 
for males and females) or sex (for the separate models for breeding and molting birds). Finally, we 
computed a weighted average of the parameter estimates based on the new subset of models and 
95% confidence limits for all the variables contained in the sub models. We considered factors as 
significant in the model average results if the upper and lower limits of the 95% confidence 
intervals did not include zero. 
 
Climatic windows predicting body mass of breeding and molting Red-capped larks and food 
availability  
To investigate possible time lags and the relative importance of current past weather (Crain, CTmax 
and CTmin) on body mass of Red-capped larks, we used the sliding window approach within the 
Climwin R package (van de Pol et al. 2016, Bailey and van de Pol 2016) to identify the critical 
time window (time period) which best explained the observed variation in body mass (van de Pol 

 
 

 
 

and Cockburn 2011). To assess the performance of competing time window models, we used a 
linear response function and created a baseline regression (null) model with sex and life history 
stage as predictor variables (body mass ~ life history stage + sex). We then set the program to 
create and compare weekly windows of the weather factors starting as far as two months to one 
week prior to the day each bird was captured and weighed (Jarjour et al. 2017). For each weather 
factor (Crain, CTmin and CTmax), we compared the best window identified for three aggregate 
statistics (mean, minimum and maximum). This approach is more robust and fundamentally 
different from the vast majority of studies that use a fixed period over which weather is deemed to 
be important for a trait chosen a priori. The Climwin approach varies the start and end dates of an 
interval of days to examine every possible window of climate by ranking the windows via model 
goodness-of-fit (AICc weights) (van de Pol and Cockburn 2011, van de Pol et al. 2016, Jarjour et 
al. 2017). To allow inclusion of sex and life history stage in the null model, we restricted our 
analysis to breeding and molting males and females because we could assess quiescence only with 
certainty in females. 

To analyse the first steps of the proposed pathway of weather influencing food availability 
and consequently body mass, we also employed the sliding window approach to identify the critical 
time window which best predicted the observed variation in ground and flying invertebrate biomass 
as proxies for food availability. Similar to the previous analysis, we set the program to create and 
compare weekly windows starting as far as two months to one week prior to the day we sampled 
the invertebrates (Jarjour et al. 2017). To quantify the likelihood of obtaining strong model support 
by chance due to the high number of models tested, we performed 1000 randomizations and 
compared the DeltaAICc of the best model fitted to the observed data to the distribution of 
DeltaAICc values from the best model in each randomized data set (Bailey and van de Pol 2016).  
 
Body mass variation with current weather, food and nesting intensity 
To analyze effects of weather, food and nesting intensity during the month of capture on body 
mass, we fitted general linear models with body mass as dependent variable and with independent 
variables monthly Crain, monthly average CTmin and CTmax, ground and flying invertebrate 
biomass and nesting intensity. We also included “life history stage” (two-level factor: breeding and 
molting) and “sex” (two-level factor: male and female). Each full model included all 2-way and 3-
way interactions between sex, life history stage and all other independent variables. To allow 
inclusion of sex and life history stage, we first performed these analyses on breeding and molting 
males and females, excluding “unknown” males and females in quiescence. We then restricted the 
data set to only females, and included all three life history stage categories of breeding, molting 
and quiescence. We again fitted general linear models with independent variables monthly Crain, 
CTmin and CTmax, ground and flying invertebrate biomass, nesting intensity and “life history stage” 
(three-level factor: breeding, molting and quiescent). Each full model also included all 2-way 
interactions between life history stage and the other independent variables. 

We performed all our model selection using a stepwise regression approach starting from 
the full model and removing non-significant interactions one at a time. We always kept sex, life 
history stage, ground and flying invertebrates, CTmax, CTmin, Crain and nesting intensity in the final 
models. We employed Tukey’s HSD post-hoc tests to conduct pair wise comparisons when any 
interaction including sex or life history stage was significant. We considered response slopes in 
continuous factors as different from zero if the upper and lower limits of the 95% confidence 
intervals did not include zero.  
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dry mass from body length and width (Ndithia et al. 2017a). The mean ± SD monthly ground 
invertebrate biomass was 15.6 mg ± 10.89 (n = 61) while the monthly flying invertebrate biomass 
was 20.8 mg ± 11.24 (n = 57).  

To quantify population level breeding intensity we searched for nests throughout the 
sampling period. Our search intensity averaged 20 ± 1.0 (SE) days per month (range 7-31 d/mo) 
and 245 ± 31.2 (SE) hours per month (range 17-825 h/mo). To standardize effort, we calculated a 
monthly nesting intensity as number of nests found per month per ten search hours. We recorded 
nesting in 42 of the 64 months monitored with a mean ± SD monthly nesting intensity of 1.3 ± 1.34 
nests/10 search hours (n = 42) and found Red-capped larks nesting in all calendar months (Ndithia 
et al. 2017b, Mwangi et al. 2018). 

 
 
Statistical Analysis 
 
We performed all statistical analyses in R 3.3.0 (R Core Team 2016) within the R-studio graphical 
user interface (RStudio Team 2016). Although it is common practice to calculate a body condition 
index by relating body mass against a linear measure of size to calculate either ratio indices 
(Labocha et al. 2014) or the scaled mass index (Peig and Green 2009), doing so in our study did 
not change the results due to weak correlation between body mass and our two linear measures of 
size, tarsus and wing length (both < 0.20). We therefore decided to use body mass of the birds for 
all statistical tests rather than a body condition index.  
 
Phenotypic plasticity versus long-term evolutionary adaptation: Body mass variation in Red-
capped Larks relative to current and long term weather conditions 
To assess whether body mass of Red-capped Larks was better explained by current prevailing 
weather or long-term average weather patterns, while also taking into consideration sex and life 
history stage, we used general linear models. We first ran models with current weather, long term 
weather, life history stage and the interaction life history stage x weather separately for males and 
females. Secondly we ran models with current weather, long term weather, sex and the interaction 
sex x weather separately for breeding and molting birds. Lrain, LTmax and LTmin were correlated 
and so we ran the models for each weather factor separately. After running each general linear 
model, we then generated a subset of models from the global model using the dredge function 
(Barton 2018) by restricting the model set to only those models containing either current or long 
term weather but not both. We did this including either life history stage (for the separate models 
for males and females) or sex (for the separate models for breeding and molting birds). Finally, we 
computed a weighted average of the parameter estimates based on the new subset of models and 
95% confidence limits for all the variables contained in the sub models. We considered factors as 
significant in the model average results if the upper and lower limits of the 95% confidence 
intervals did not include zero. 
 
Climatic windows predicting body mass of breeding and molting Red-capped larks and food 
availability  
To investigate possible time lags and the relative importance of current past weather (Crain, CTmax 
and CTmin) on body mass of Red-capped larks, we used the sliding window approach within the 
Climwin R package (van de Pol et al. 2016, Bailey and van de Pol 2016) to identify the critical 
time window (time period) which best explained the observed variation in body mass (van de Pol 

 
 

 
 

and Cockburn 2011). To assess the performance of competing time window models, we used a 
linear response function and created a baseline regression (null) model with sex and life history 
stage as predictor variables (body mass ~ life history stage + sex). We then set the program to 
create and compare weekly windows of the weather factors starting as far as two months to one 
week prior to the day each bird was captured and weighed (Jarjour et al. 2017). For each weather 
factor (Crain, CTmin and CTmax), we compared the best window identified for three aggregate 
statistics (mean, minimum and maximum). This approach is more robust and fundamentally 
different from the vast majority of studies that use a fixed period over which weather is deemed to 
be important for a trait chosen a priori. The Climwin approach varies the start and end dates of an 
interval of days to examine every possible window of climate by ranking the windows via model 
goodness-of-fit (AICc weights) (van de Pol and Cockburn 2011, van de Pol et al. 2016, Jarjour et 
al. 2017). To allow inclusion of sex and life history stage in the null model, we restricted our 
analysis to breeding and molting males and females because we could assess quiescence only with 
certainty in females. 

To analyse the first steps of the proposed pathway of weather influencing food availability 
and consequently body mass, we also employed the sliding window approach to identify the critical 
time window which best predicted the observed variation in ground and flying invertebrate biomass 
as proxies for food availability. Similar to the previous analysis, we set the program to create and 
compare weekly windows starting as far as two months to one week prior to the day we sampled 
the invertebrates (Jarjour et al. 2017). To quantify the likelihood of obtaining strong model support 
by chance due to the high number of models tested, we performed 1000 randomizations and 
compared the DeltaAICc of the best model fitted to the observed data to the distribution of 
DeltaAICc values from the best model in each randomized data set (Bailey and van de Pol 2016).  
 
Body mass variation with current weather, food and nesting intensity 
To analyze effects of weather, food and nesting intensity during the month of capture on body 
mass, we fitted general linear models with body mass as dependent variable and with independent 
variables monthly Crain, monthly average CTmin and CTmax, ground and flying invertebrate 
biomass and nesting intensity. We also included “life history stage” (two-level factor: breeding and 
molting) and “sex” (two-level factor: male and female). Each full model included all 2-way and 3-
way interactions between sex, life history stage and all other independent variables. To allow 
inclusion of sex and life history stage, we first performed these analyses on breeding and molting 
males and females, excluding “unknown” males and females in quiescence. We then restricted the 
data set to only females, and included all three life history stage categories of breeding, molting 
and quiescence. We again fitted general linear models with independent variables monthly Crain, 
CTmin and CTmax, ground and flying invertebrate biomass, nesting intensity and “life history stage” 
(three-level factor: breeding, molting and quiescent). Each full model also included all 2-way 
interactions between life history stage and the other independent variables. 

We performed all our model selection using a stepwise regression approach starting from 
the full model and removing non-significant interactions one at a time. We always kept sex, life 
history stage, ground and flying invertebrates, CTmax, CTmin, Crain and nesting intensity in the final 
models. We employed Tukey’s HSD post-hoc tests to conduct pair wise comparisons when any 
interaction including sex or life history stage was significant. We considered response slopes in 
continuous factors as different from zero if the upper and lower limits of the 95% confidence 
intervals did not include zero.  
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dry mass from body length and width (Ndithia et al. 2017a). The mean ± SD monthly ground 
invertebrate biomass was 15.6 mg ± 10.89 (n = 61) while the monthly flying invertebrate biomass 
was 20.8 mg ± 11.24 (n = 57).  

To quantify population level breeding intensity we searched for nests throughout the 
sampling period. Our search intensity averaged 20 ± 1.0 (SE) days per month (range 7-31 d/mo) 
and 245 ± 31.2 (SE) hours per month (range 17-825 h/mo). To standardize effort, we calculated a 
monthly nesting intensity as number of nests found per month per ten search hours. We recorded 
nesting in 42 of the 64 months monitored with a mean ± SD monthly nesting intensity of 1.3 ± 1.34 
nests/10 search hours (n = 42) and found Red-capped larks nesting in all calendar months (Ndithia 
et al. 2017b, Mwangi et al. 2018). 

 
 
Statistical Analysis 
 
We performed all statistical analyses in R 3.3.0 (R Core Team 2016) within the R-studio graphical 
user interface (RStudio Team 2016). Although it is common practice to calculate a body condition 
index by relating body mass against a linear measure of size to calculate either ratio indices 
(Labocha et al. 2014) or the scaled mass index (Peig and Green 2009), doing so in our study did 
not change the results due to weak correlation between body mass and our two linear measures of 
size, tarsus and wing length (both < 0.20). We therefore decided to use body mass of the birds for 
all statistical tests rather than a body condition index.  
 
Phenotypic plasticity versus long-term evolutionary adaptation: Body mass variation in Red-
capped Larks relative to current and long term weather conditions 
To assess whether body mass of Red-capped Larks was better explained by current prevailing 
weather or long-term average weather patterns, while also taking into consideration sex and life 
history stage, we used general linear models. We first ran models with current weather, long term 
weather, life history stage and the interaction life history stage x weather separately for males and 
females. Secondly we ran models with current weather, long term weather, sex and the interaction 
sex x weather separately for breeding and molting birds. Lrain, LTmax and LTmin were correlated 
and so we ran the models for each weather factor separately. After running each general linear 
model, we then generated a subset of models from the global model using the dredge function 
(Barton 2018) by restricting the model set to only those models containing either current or long 
term weather but not both. We did this including either life history stage (for the separate models 
for males and females) or sex (for the separate models for breeding and molting birds). Finally, we 
computed a weighted average of the parameter estimates based on the new subset of models and 
95% confidence limits for all the variables contained in the sub models. We considered factors as 
significant in the model average results if the upper and lower limits of the 95% confidence 
intervals did not include zero. 
 
Climatic windows predicting body mass of breeding and molting Red-capped larks and food 
availability  
To investigate possible time lags and the relative importance of current past weather (Crain, CTmax 
and CTmin) on body mass of Red-capped larks, we used the sliding window approach within the 
Climwin R package (van de Pol et al. 2016, Bailey and van de Pol 2016) to identify the critical 
time window (time period) which best explained the observed variation in body mass (van de Pol 

 
 

 
 

and Cockburn 2011). To assess the performance of competing time window models, we used a 
linear response function and created a baseline regression (null) model with sex and life history 
stage as predictor variables (body mass ~ life history stage + sex). We then set the program to 
create and compare weekly windows of the weather factors starting as far as two months to one 
week prior to the day each bird was captured and weighed (Jarjour et al. 2017). For each weather 
factor (Crain, CTmin and CTmax), we compared the best window identified for three aggregate 
statistics (mean, minimum and maximum). This approach is more robust and fundamentally 
different from the vast majority of studies that use a fixed period over which weather is deemed to 
be important for a trait chosen a priori. The Climwin approach varies the start and end dates of an 
interval of days to examine every possible window of climate by ranking the windows via model 
goodness-of-fit (AICc weights) (van de Pol and Cockburn 2011, van de Pol et al. 2016, Jarjour et 
al. 2017). To allow inclusion of sex and life history stage in the null model, we restricted our 
analysis to breeding and molting males and females because we could assess quiescence only with 
certainty in females. 

To analyse the first steps of the proposed pathway of weather influencing food availability 
and consequently body mass, we also employed the sliding window approach to identify the critical 
time window which best predicted the observed variation in ground and flying invertebrate biomass 
as proxies for food availability. Similar to the previous analysis, we set the program to create and 
compare weekly windows starting as far as two months to one week prior to the day we sampled 
the invertebrates (Jarjour et al. 2017). To quantify the likelihood of obtaining strong model support 
by chance due to the high number of models tested, we performed 1000 randomizations and 
compared the DeltaAICc of the best model fitted to the observed data to the distribution of 
DeltaAICc values from the best model in each randomized data set (Bailey and van de Pol 2016).  
 
Body mass variation with current weather, food and nesting intensity 
To analyze effects of weather, food and nesting intensity during the month of capture on body 
mass, we fitted general linear models with body mass as dependent variable and with independent 
variables monthly Crain, monthly average CTmin and CTmax, ground and flying invertebrate 
biomass and nesting intensity. We also included “life history stage” (two-level factor: breeding and 
molting) and “sex” (two-level factor: male and female). Each full model included all 2-way and 3-
way interactions between sex, life history stage and all other independent variables. To allow 
inclusion of sex and life history stage, we first performed these analyses on breeding and molting 
males and females, excluding “unknown” males and females in quiescence. We then restricted the 
data set to only females, and included all three life history stage categories of breeding, molting 
and quiescence. We again fitted general linear models with independent variables monthly Crain, 
CTmin and CTmax, ground and flying invertebrate biomass, nesting intensity and “life history stage” 
(three-level factor: breeding, molting and quiescent). Each full model also included all 2-way 
interactions between life history stage and the other independent variables. 

We performed all our model selection using a stepwise regression approach starting from 
the full model and removing non-significant interactions one at a time. We always kept sex, life 
history stage, ground and flying invertebrates, CTmax, CTmin, Crain and nesting intensity in the final 
models. We employed Tukey’s HSD post-hoc tests to conduct pair wise comparisons when any 
interaction including sex or life history stage was significant. We considered response slopes in 
continuous factors as different from zero if the upper and lower limits of the 95% confidence 
intervals did not include zero.  
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dry mass from body length and width (Ndithia et al. 2017a). The mean ± SD monthly ground 
invertebrate biomass was 15.6 mg ± 10.89 (n = 61) while the monthly flying invertebrate biomass 
was 20.8 mg ± 11.24 (n = 57).  

To quantify population level breeding intensity we searched for nests throughout the 
sampling period. Our search intensity averaged 20 ± 1.0 (SE) days per month (range 7-31 d/mo) 
and 245 ± 31.2 (SE) hours per month (range 17-825 h/mo). To standardize effort, we calculated a 
monthly nesting intensity as number of nests found per month per ten search hours. We recorded 
nesting in 42 of the 64 months monitored with a mean ± SD monthly nesting intensity of 1.3 ± 1.34 
nests/10 search hours (n = 42) and found Red-capped larks nesting in all calendar months (Ndithia 
et al. 2017b, Mwangi et al. 2018). 

 
 
Statistical Analysis 
 
We performed all statistical analyses in R 3.3.0 (R Core Team 2016) within the R-studio graphical 
user interface (RStudio Team 2016). Although it is common practice to calculate a body condition 
index by relating body mass against a linear measure of size to calculate either ratio indices 
(Labocha et al. 2014) or the scaled mass index (Peig and Green 2009), doing so in our study did 
not change the results due to weak correlation between body mass and our two linear measures of 
size, tarsus and wing length (both < 0.20). We therefore decided to use body mass of the birds for 
all statistical tests rather than a body condition index.  
 
Phenotypic plasticity versus long-term evolutionary adaptation: Body mass variation in Red-
capped Larks relative to current and long term weather conditions 
To assess whether body mass of Red-capped Larks was better explained by current prevailing 
weather or long-term average weather patterns, while also taking into consideration sex and life 
history stage, we used general linear models. We first ran models with current weather, long term 
weather, life history stage and the interaction life history stage x weather separately for males and 
females. Secondly we ran models with current weather, long term weather, sex and the interaction 
sex x weather separately for breeding and molting birds. Lrain, LTmax and LTmin were correlated 
and so we ran the models for each weather factor separately. After running each general linear 
model, we then generated a subset of models from the global model using the dredge function 
(Barton 2018) by restricting the model set to only those models containing either current or long 
term weather but not both. We did this including either life history stage (for the separate models 
for males and females) or sex (for the separate models for breeding and molting birds). Finally, we 
computed a weighted average of the parameter estimates based on the new subset of models and 
95% confidence limits for all the variables contained in the sub models. We considered factors as 
significant in the model average results if the upper and lower limits of the 95% confidence 
intervals did not include zero. 
 
Climatic windows predicting body mass of breeding and molting Red-capped larks and food 
availability  
To investigate possible time lags and the relative importance of current past weather (Crain, CTmax 
and CTmin) on body mass of Red-capped larks, we used the sliding window approach within the 
Climwin R package (van de Pol et al. 2016, Bailey and van de Pol 2016) to identify the critical 
time window (time period) which best explained the observed variation in body mass (van de Pol 

 
 

 
 

and Cockburn 2011). To assess the performance of competing time window models, we used a 
linear response function and created a baseline regression (null) model with sex and life history 
stage as predictor variables (body mass ~ life history stage + sex). We then set the program to 
create and compare weekly windows of the weather factors starting as far as two months to one 
week prior to the day each bird was captured and weighed (Jarjour et al. 2017). For each weather 
factor (Crain, CTmin and CTmax), we compared the best window identified for three aggregate 
statistics (mean, minimum and maximum). This approach is more robust and fundamentally 
different from the vast majority of studies that use a fixed period over which weather is deemed to 
be important for a trait chosen a priori. The Climwin approach varies the start and end dates of an 
interval of days to examine every possible window of climate by ranking the windows via model 
goodness-of-fit (AICc weights) (van de Pol and Cockburn 2011, van de Pol et al. 2016, Jarjour et 
al. 2017). To allow inclusion of sex and life history stage in the null model, we restricted our 
analysis to breeding and molting males and females because we could assess quiescence only with 
certainty in females. 

To analyse the first steps of the proposed pathway of weather influencing food availability 
and consequently body mass, we also employed the sliding window approach to identify the critical 
time window which best predicted the observed variation in ground and flying invertebrate biomass 
as proxies for food availability. Similar to the previous analysis, we set the program to create and 
compare weekly windows starting as far as two months to one week prior to the day we sampled 
the invertebrates (Jarjour et al. 2017). To quantify the likelihood of obtaining strong model support 
by chance due to the high number of models tested, we performed 1000 randomizations and 
compared the DeltaAICc of the best model fitted to the observed data to the distribution of 
DeltaAICc values from the best model in each randomized data set (Bailey and van de Pol 2016).  
 
Body mass variation with current weather, food and nesting intensity 
To analyze effects of weather, food and nesting intensity during the month of capture on body 
mass, we fitted general linear models with body mass as dependent variable and with independent 
variables monthly Crain, monthly average CTmin and CTmax, ground and flying invertebrate 
biomass and nesting intensity. We also included “life history stage” (two-level factor: breeding and 
molting) and “sex” (two-level factor: male and female). Each full model included all 2-way and 3-
way interactions between sex, life history stage and all other independent variables. To allow 
inclusion of sex and life history stage, we first performed these analyses on breeding and molting 
males and females, excluding “unknown” males and females in quiescence. We then restricted the 
data set to only females, and included all three life history stage categories of breeding, molting 
and quiescence. We again fitted general linear models with independent variables monthly Crain, 
CTmin and CTmax, ground and flying invertebrate biomass, nesting intensity and “life history stage” 
(three-level factor: breeding, molting and quiescent). Each full model also included all 2-way 
interactions between life history stage and the other independent variables. 

We performed all our model selection using a stepwise regression approach starting from 
the full model and removing non-significant interactions one at a time. We always kept sex, life 
history stage, ground and flying invertebrates, CTmax, CTmin, Crain and nesting intensity in the final 
models. We employed Tukey’s HSD post-hoc tests to conduct pair wise comparisons when any 
interaction including sex or life history stage was significant. We considered response slopes in 
continuous factors as different from zero if the upper and lower limits of the 95% confidence 
intervals did not include zero.  
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Within individual differences in body mass variation in relation to life history stage  
To test for within individual differences in body mass between birds caught at more than one life 
history stage, we used paired t tests. This included 14 males and 18 females caught both during 
breeding and molting, 12 females caught both during breeding and when in quiescence, and seven 
females caught both during molting and when in quiescence. To ensure that there was no sampling 
bias towards specific environmental conditions, we checked and ensured that the birds included in 
these analyses were caught at varying times and spread out across the sampling period (the earliest 
bird was caught in May 2011 and the latest in June 2016, a difference of five years between the 
dates of capture).  
 
 
Results 
 
Long-term evolutionary adaptation versus short-term phenotypic plasticity to weather in 
Red-capped Larks 
Evaluating how well long-term and current weather factors explained variation in body mass of 
Red-capped larks, we found support for an evolutionary adaptation to long-term weather patterns 
in the interaction between LTmax and life history stage and for a phenotypically plastic response in 
the relation between CTmin and life history stage (Table 1). In contrast, we found no support for 
adaptation or adjustment to either long-term weather patterns or current weather when grouping 
the analysis by life history stage irrespective of sex (Table 2). Further exploring the interaction 
LTmax x life history stage revealed that body masses of breeding males were higher when LTmax 
was higher while that of molting males was lower with an increase in LTmax (Figure 1A); both 
slopes significantly differed from zero (breeding estimate ± S.E = 0.60 ± 0.20, 95% C.I. = 0.19, 
1.00; molting estimate ± S.E = -1.59 ± 0.52, 95% C.I. = -2.62, -0.56). Similarly, exploring the 
interaction CTmin x life history stage revealed that body masses of breeding males were higher 
when CTmin was higher while that of molting males was lower with an increase in CTmin (Figure 
1B); only the slopes of molting males significantly differed from zero (breeding estimate ± S.E = 
-0.03 ± 0.18, 95% C.I. = -0.40, 0.34; molting estimate ± S.E = -1.83 ± 0.45, 95% C.I. = -2.72, -
0.94). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Table 1: Model averaged estimates (± SE) on the effects of life history stage and (1A) current 
(Crain) and long term rainfall (Lrain), (1B) current (CTmax) and long term (LTmax) maximum 
average daily temperature, and (1C) current (CTmin) and long term (LTmin) minimum average daily 
temperature on body mass of female (left column) and male (right column) Red-capped Larks in 
Kedong Ranch. We restricted the model set to include only those models containing life history 
stage and either current or long term weather but not both. A complete overview of the model set 
is provided in Appendix 2. In bold are statistically significant 95% confidence intervals. 
 

 Female Male 
1A) Current and long term rainfall 
Factor Estimate ± SE   95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept  24.04 ± 0.23  23.59 , 24.49  23.17 ± 0.83         21.53 , 24.81 
Crain    0.00 ± 0.00   -0.00 , 0.01   -0.00 ± 0.00          -0.00 , 0.00 
Molting    0.15 ± 0.59   -1.01 , 1.32    2.04 ± 1.86          -1.63 , 5.70 
Crain: Molting   -0.06 ± 0.03   -0.11 , 0.00    0.00 ± 0.01          -0.02 , 0.02 
Lrain    0.00 ± 0.00   -0.00 , 0.00    0.02 ± 0.01          -0.01 , 0.04 
Lrain: Molting   -0.00 ± 0.01   -0.02 , 0.02   -0.03 ± 0.04          -0.11 , 0.05 
 
1B) Current and long term maximum average daily temperature 

 Estimate ±SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept  26.20 ± 3.39    19.51 , 32.89   13.79 ± 5.93          2.06 , 25.52 
CTmax   -0.01 ± 0.03     -0.06 , 0.04    -0.01 ± 0.03         -0.07 , 0.05 
Molting    3.97 ± 8.55   -12.84 , 20.78   45.71 ± 15.61        14.88 , 76.54 
CTmax: Molting    -0.06 ± 0.1     -0.25 , 0.13    -0.00 ± 0.01         -0.02 , 0.02 
LTmax   -0.07 ± 0.13     -0.33 , 0.20     0.41 ± 0.22         -0.02 , 0.85 
LTmax: Molting   -0.14 ± 0.35     -0.82 , 0.55    -1.79 ± 0.62         -3.01 , -0.57 
 
1C) Current and long term minimum average daily temperature 

 Estimate ± SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept  23.21 ± 1.79  19.68 , 26.74  20.79 ± 1.50 17.82 , 23.77 
CTmin    0.03 ± 0.05   -0.07 , 0.12    0.28 ± 0.12   0.05 , 0.51 
Molting    1.34 ± 4.90   -8.31 , 10.98  24.81 ± 5.12   14.64 , 34.99 
CTmin: Molting   -0.13 ± 0.32   -0.75 , 0.50  -2.17 ± 0.48          -3.11 , -1.23 
LTmin   0.05 ± 0.13   -0.20 , 0.31   0.00 ± 0.06          -0.11 , 0.12 
LTmin: Molting  -0.05 ± 0.28   -0.59 , 0.50  -0.01 ± 0.13          -0.25 , 0.24 
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Within individual differences in body mass variation in relation to life history stage  
To test for within individual differences in body mass between birds caught at more than one life 
history stage, we used paired t tests. This included 14 males and 18 females caught both during 
breeding and molting, 12 females caught both during breeding and when in quiescence, and seven 
females caught both during molting and when in quiescence. To ensure that there was no sampling 
bias towards specific environmental conditions, we checked and ensured that the birds included in 
these analyses were caught at varying times and spread out across the sampling period (the earliest 
bird was caught in May 2011 and the latest in June 2016, a difference of five years between the 
dates of capture).  
 
 
Results 
 
Long-term evolutionary adaptation versus short-term phenotypic plasticity to weather in 
Red-capped Larks 
Evaluating how well long-term and current weather factors explained variation in body mass of 
Red-capped larks, we found support for an evolutionary adaptation to long-term weather patterns 
in the interaction between LTmax and life history stage and for a phenotypically plastic response in 
the relation between CTmin and life history stage (Table 1). In contrast, we found no support for 
adaptation or adjustment to either long-term weather patterns or current weather when grouping 
the analysis by life history stage irrespective of sex (Table 2). Further exploring the interaction 
LTmax x life history stage revealed that body masses of breeding males were higher when LTmax 
was higher while that of molting males was lower with an increase in LTmax (Figure 1A); both 
slopes significantly differed from zero (breeding estimate ± S.E = 0.60 ± 0.20, 95% C.I. = 0.19, 
1.00; molting estimate ± S.E = -1.59 ± 0.52, 95% C.I. = -2.62, -0.56). Similarly, exploring the 
interaction CTmin x life history stage revealed that body masses of breeding males were higher 
when CTmin was higher while that of molting males was lower with an increase in CTmin (Figure 
1B); only the slopes of molting males significantly differed from zero (breeding estimate ± S.E = 
-0.03 ± 0.18, 95% C.I. = -0.40, 0.34; molting estimate ± S.E = -1.83 ± 0.45, 95% C.I. = -2.72, -
0.94). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Table 1: Model averaged estimates (± SE) on the effects of life history stage and (1A) current 
(Crain) and long term rainfall (Lrain), (1B) current (CTmax) and long term (LTmax) maximum 
average daily temperature, and (1C) current (CTmin) and long term (LTmin) minimum average daily 
temperature on body mass of female (left column) and male (right column) Red-capped Larks in 
Kedong Ranch. We restricted the model set to include only those models containing life history 
stage and either current or long term weather but not both. A complete overview of the model set 
is provided in Appendix 2. In bold are statistically significant 95% confidence intervals. 
 

 Female Male 
1A) Current and long term rainfall 
Factor Estimate ± SE   95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept  24.04 ± 0.23  23.59 , 24.49  23.17 ± 0.83         21.53 , 24.81 
Crain    0.00 ± 0.00   -0.00 , 0.01   -0.00 ± 0.00          -0.00 , 0.00 
Molting    0.15 ± 0.59   -1.01 , 1.32    2.04 ± 1.86          -1.63 , 5.70 
Crain: Molting   -0.06 ± 0.03   -0.11 , 0.00    0.00 ± 0.01          -0.02 , 0.02 
Lrain    0.00 ± 0.00   -0.00 , 0.00    0.02 ± 0.01          -0.01 , 0.04 
Lrain: Molting   -0.00 ± 0.01   -0.02 , 0.02   -0.03 ± 0.04          -0.11 , 0.05 
 
1B) Current and long term maximum average daily temperature 

 Estimate ±SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept  26.20 ± 3.39    19.51 , 32.89   13.79 ± 5.93          2.06 , 25.52 
CTmax   -0.01 ± 0.03     -0.06 , 0.04    -0.01 ± 0.03         -0.07 , 0.05 
Molting    3.97 ± 8.55   -12.84 , 20.78   45.71 ± 15.61        14.88 , 76.54 
CTmax: Molting    -0.06 ± 0.1     -0.25 , 0.13    -0.00 ± 0.01         -0.02 , 0.02 
LTmax   -0.07 ± 0.13     -0.33 , 0.20     0.41 ± 0.22         -0.02 , 0.85 
LTmax: Molting   -0.14 ± 0.35     -0.82 , 0.55    -1.79 ± 0.62         -3.01 , -0.57 
 
1C) Current and long term minimum average daily temperature 

 Estimate ± SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept  23.21 ± 1.79  19.68 , 26.74  20.79 ± 1.50 17.82 , 23.77 
CTmin    0.03 ± 0.05   -0.07 , 0.12    0.28 ± 0.12   0.05 , 0.51 
Molting    1.34 ± 4.90   -8.31 , 10.98  24.81 ± 5.12   14.64 , 34.99 
CTmin: Molting   -0.13 ± 0.32   -0.75 , 0.50  -2.17 ± 0.48          -3.11 , -1.23 
LTmin   0.05 ± 0.13   -0.20 , 0.31   0.00 ± 0.06          -0.11 , 0.12 
LTmin: Molting  -0.05 ± 0.28   -0.59 , 0.50  -0.01 ± 0.13          -0.25 , 0.24 
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Within individual differences in body mass variation in relation to life history stage  
To test for within individual differences in body mass between birds caught at more than one life 
history stage, we used paired t tests. This included 14 males and 18 females caught both during 
breeding and molting, 12 females caught both during breeding and when in quiescence, and seven 
females caught both during molting and when in quiescence. To ensure that there was no sampling 
bias towards specific environmental conditions, we checked and ensured that the birds included in 
these analyses were caught at varying times and spread out across the sampling period (the earliest 
bird was caught in May 2011 and the latest in June 2016, a difference of five years between the 
dates of capture).  
 
 
Results 
 
Long-term evolutionary adaptation versus short-term phenotypic plasticity to weather in 
Red-capped Larks 
Evaluating how well long-term and current weather factors explained variation in body mass of 
Red-capped larks, we found support for an evolutionary adaptation to long-term weather patterns 
in the interaction between LTmax and life history stage and for a phenotypically plastic response in 
the relation between CTmin and life history stage (Table 1). In contrast, we found no support for 
adaptation or adjustment to either long-term weather patterns or current weather when grouping 
the analysis by life history stage irrespective of sex (Table 2). Further exploring the interaction 
LTmax x life history stage revealed that body masses of breeding males were higher when LTmax 
was higher while that of molting males was lower with an increase in LTmax (Figure 1A); both 
slopes significantly differed from zero (breeding estimate ± S.E = 0.60 ± 0.20, 95% C.I. = 0.19, 
1.00; molting estimate ± S.E = -1.59 ± 0.52, 95% C.I. = -2.62, -0.56). Similarly, exploring the 
interaction CTmin x life history stage revealed that body masses of breeding males were higher 
when CTmin was higher while that of molting males was lower with an increase in CTmin (Figure 
1B); only the slopes of molting males significantly differed from zero (breeding estimate ± S.E = 
-0.03 ± 0.18, 95% C.I. = -0.40, 0.34; molting estimate ± S.E = -1.83 ± 0.45, 95% C.I. = -2.72, -
0.94). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Table 1: Model averaged estimates (± SE) on the effects of life history stage and (1A) current 
(Crain) and long term rainfall (Lrain), (1B) current (CTmax) and long term (LTmax) maximum 
average daily temperature, and (1C) current (CTmin) and long term (LTmin) minimum average daily 
temperature on body mass of female (left column) and male (right column) Red-capped Larks in 
Kedong Ranch. We restricted the model set to include only those models containing life history 
stage and either current or long term weather but not both. A complete overview of the model set 
is provided in Appendix 2. In bold are statistically significant 95% confidence intervals. 
 

 Female Male 
1A) Current and long term rainfall 
Factor Estimate ± SE   95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept  24.04 ± 0.23  23.59 , 24.49  23.17 ± 0.83         21.53 , 24.81 
Crain    0.00 ± 0.00   -0.00 , 0.01   -0.00 ± 0.00          -0.00 , 0.00 
Molting    0.15 ± 0.59   -1.01 , 1.32    2.04 ± 1.86          -1.63 , 5.70 
Crain: Molting   -0.06 ± 0.03   -0.11 , 0.00    0.00 ± 0.01          -0.02 , 0.02 
Lrain    0.00 ± 0.00   -0.00 , 0.00    0.02 ± 0.01          -0.01 , 0.04 
Lrain: Molting   -0.00 ± 0.01   -0.02 , 0.02   -0.03 ± 0.04          -0.11 , 0.05 
 
1B) Current and long term maximum average daily temperature 

 Estimate ±SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept  26.20 ± 3.39    19.51 , 32.89   13.79 ± 5.93          2.06 , 25.52 
CTmax   -0.01 ± 0.03     -0.06 , 0.04    -0.01 ± 0.03         -0.07 , 0.05 
Molting    3.97 ± 8.55   -12.84 , 20.78   45.71 ± 15.61        14.88 , 76.54 
CTmax: Molting    -0.06 ± 0.1     -0.25 , 0.13    -0.00 ± 0.01         -0.02 , 0.02 
LTmax   -0.07 ± 0.13     -0.33 , 0.20     0.41 ± 0.22         -0.02 , 0.85 
LTmax: Molting   -0.14 ± 0.35     -0.82 , 0.55    -1.79 ± 0.62         -3.01 , -0.57 
 
1C) Current and long term minimum average daily temperature 

 Estimate ± SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept  23.21 ± 1.79  19.68 , 26.74  20.79 ± 1.50 17.82 , 23.77 
CTmin    0.03 ± 0.05   -0.07 , 0.12    0.28 ± 0.12   0.05 , 0.51 
Molting    1.34 ± 4.90   -8.31 , 10.98  24.81 ± 5.12   14.64 , 34.99 
CTmin: Molting   -0.13 ± 0.32   -0.75 , 0.50  -2.17 ± 0.48          -3.11 , -1.23 
LTmin   0.05 ± 0.13   -0.20 , 0.31   0.00 ± 0.06          -0.11 , 0.12 
LTmin: Molting  -0.05 ± 0.28   -0.59 , 0.50  -0.01 ± 0.13          -0.25 , 0.24 
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Within individual differences in body mass variation in relation to life history stage  
To test for within individual differences in body mass between birds caught at more than one life 
history stage, we used paired t tests. This included 14 males and 18 females caught both during 
breeding and molting, 12 females caught both during breeding and when in quiescence, and seven 
females caught both during molting and when in quiescence. To ensure that there was no sampling 
bias towards specific environmental conditions, we checked and ensured that the birds included in 
these analyses were caught at varying times and spread out across the sampling period (the earliest 
bird was caught in May 2011 and the latest in June 2016, a difference of five years between the 
dates of capture).  
 
 
Results 
 
Long-term evolutionary adaptation versus short-term phenotypic plasticity to weather in 
Red-capped Larks 
Evaluating how well long-term and current weather factors explained variation in body mass of 
Red-capped larks, we found support for an evolutionary adaptation to long-term weather patterns 
in the interaction between LTmax and life history stage and for a phenotypically plastic response in 
the relation between CTmin and life history stage (Table 1). In contrast, we found no support for 
adaptation or adjustment to either long-term weather patterns or current weather when grouping 
the analysis by life history stage irrespective of sex (Table 2). Further exploring the interaction 
LTmax x life history stage revealed that body masses of breeding males were higher when LTmax 
was higher while that of molting males was lower with an increase in LTmax (Figure 1A); both 
slopes significantly differed from zero (breeding estimate ± S.E = 0.60 ± 0.20, 95% C.I. = 0.19, 
1.00; molting estimate ± S.E = -1.59 ± 0.52, 95% C.I. = -2.62, -0.56). Similarly, exploring the 
interaction CTmin x life history stage revealed that body masses of breeding males were higher 
when CTmin was higher while that of molting males was lower with an increase in CTmin (Figure 
1B); only the slopes of molting males significantly differed from zero (breeding estimate ± S.E = 
-0.03 ± 0.18, 95% C.I. = -0.40, 0.34; molting estimate ± S.E = -1.83 ± 0.45, 95% C.I. = -2.72, -
0.94). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Table 1: Model averaged estimates (± SE) on the effects of life history stage and (1A) current 
(Crain) and long term rainfall (Lrain), (1B) current (CTmax) and long term (LTmax) maximum 
average daily temperature, and (1C) current (CTmin) and long term (LTmin) minimum average daily 
temperature on body mass of female (left column) and male (right column) Red-capped Larks in 
Kedong Ranch. We restricted the model set to include only those models containing life history 
stage and either current or long term weather but not both. A complete overview of the model set 
is provided in Appendix 2. In bold are statistically significant 95% confidence intervals. 
 

 Female Male 
1A) Current and long term rainfall 
Factor Estimate ± SE   95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept  24.04 ± 0.23  23.59 , 24.49  23.17 ± 0.83         21.53 , 24.81 
Crain    0.00 ± 0.00   -0.00 , 0.01   -0.00 ± 0.00          -0.00 , 0.00 
Molting    0.15 ± 0.59   -1.01 , 1.32    2.04 ± 1.86          -1.63 , 5.70 
Crain: Molting   -0.06 ± 0.03   -0.11 , 0.00    0.00 ± 0.01          -0.02 , 0.02 
Lrain    0.00 ± 0.00   -0.00 , 0.00    0.02 ± 0.01          -0.01 , 0.04 
Lrain: Molting   -0.00 ± 0.01   -0.02 , 0.02   -0.03 ± 0.04          -0.11 , 0.05 
 
1B) Current and long term maximum average daily temperature 

 Estimate ±SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept  26.20 ± 3.39    19.51 , 32.89   13.79 ± 5.93          2.06 , 25.52 
CTmax   -0.01 ± 0.03     -0.06 , 0.04    -0.01 ± 0.03         -0.07 , 0.05 
Molting    3.97 ± 8.55   -12.84 , 20.78   45.71 ± 15.61        14.88 , 76.54 
CTmax: Molting    -0.06 ± 0.1     -0.25 , 0.13    -0.00 ± 0.01         -0.02 , 0.02 
LTmax   -0.07 ± 0.13     -0.33 , 0.20     0.41 ± 0.22         -0.02 , 0.85 
LTmax: Molting   -0.14 ± 0.35     -0.82 , 0.55    -1.79 ± 0.62         -3.01 , -0.57 
 
1C) Current and long term minimum average daily temperature 

 Estimate ± SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept  23.21 ± 1.79  19.68 , 26.74  20.79 ± 1.50 17.82 , 23.77 
CTmin    0.03 ± 0.05   -0.07 , 0.12    0.28 ± 0.12   0.05 , 0.51 
Molting    1.34 ± 4.90   -8.31 , 10.98  24.81 ± 5.12   14.64 , 34.99 
CTmin: Molting   -0.13 ± 0.32   -0.75 , 0.50  -2.17 ± 0.48          -3.11 , -1.23 
LTmin   0.05 ± 0.13   -0.20 , 0.31   0.00 ± 0.06          -0.11 , 0.12 
LTmin: Molting  -0.05 ± 0.28   -0.59 , 0.50  -0.01 ± 0.13          -0.25 , 0.24 
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Figure 1: Variation in body mass of breeding and molting male Red-capped larks in Kedong with 
A) long term maximum daily temperature and B) current minimum daily temperature 
 
Critical climatic time windows of current environmental factors to explain body mass and 
food availability 
Applying the sliding window approach to evaluate critical time windows where Crain, CTmax and 
CTmin best predicted body mass of Red-capped Larks, we found that the best supported windows 
were the minimum Crain in the preceding one week, minimum CTmax on the preceding 3-0 weeks 
and maximum CTmin on the preceding 5 – 6 weeks (Table 3A). However, after carrying out 1000 
randomizations, we found that the observed ΔAICc for all the best supported windows of Crain, 
CTmax and CTmin lie within the randomized data set generated. Hence, it was likely that all best 
windows were false positives and therefore we did not consider them further (van de Pol and 
Cockburn 2011, van de Pol et al. 2016). Additionally and consistent with the randomization results, 
our model-weights plots for each of the three weather factors showed that almost all models were 
roughly equally well supported and within the 95% weight (Table 3A).      

Evaluating the critical time period where weather best predicted food availability showed 
different time windows for ground and flying invertebrate biomass. Ground invertebrate biomass 
was best predicted by the prior maximums of Crain 5-1 weeks, CTmax 7-4 weeks and CTmin 5-2 
weeks preceding sampling date (Table 3B). On the other hand flying invertebrate biomass was best 
predicted by the maximums of Crain 4-1 week, CTmax 7-6 weeks and the minimum of CTmin 5-3 
weeks prior to invertebrate sampling (Table 3C). Similar to the body mass analyses, the windows 
for Crain and CTmax predicting ground invertebrate biomass and for all three weather factors 
predicting flying invertebrate biomass were within the randomized data set; in addition, the 
majority of the models was equally well supported and within the 95% weight (Table 3B and 3C). 
In contrast, the best supported CTmin window predicting ground invertebrate biomass was 
significantly different from the randomized data distribution (P_∆AICc < 0.01) showing high 
support that it was unlikely to be a false positive (Table 3B).  
 
 
 

 
 

 
 

Table 2: Model averaged estimates (± SE) on the effects of sex and (2A) current (Crain) and long 
term rainfall (Lrain), (2B) current (CTmax) and long term (LTmax) maximum average daily 
temperature, and (2C) current (CTmin) and long term (LTmin) minimum average daily temperature 
on body mass of breeding (left column) and molting (right column) Red-capped Larks in Kedong 
Ranch. We restricted the model set to include only those models containing sex and either current 
or long term weather but not both. A complete overview of the sub model sets is provided in 
Appendix 3. 
 

 Breeding Molting 
2A) Current and long term rainfall 

 Estimate ± SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept  23.81 ± 0.41   22.99 , 24.62  24.39 ± 0.84   22.72 , 26.06 
Crain    0.00 ± 0.00    -0.00 , 0.01   -0.04 ± 0.03    -0.10 , 0.02 
Male   -0.38 ± 0.72    -1.79 , 1.04    0.53 ± 0.84    -1.14 , 2.20 
Crain: Male   -0.00 ± 0.00    -0.01 , 0.01    0.04 ± 0.05    -0.06 , 0.15 
Lrain    0.01 ± 0.01    -0.01 , 0.02   -0.01 ± 0.02    -0.05 , 0.03 
LRain: Male    0.00 ± 0.01    -0.01 , 0.02    0.00 ± 0.01    -0.02 , 0.02 
 
2B) Current and long term maximum average daily temperature  

 Estimate ± SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept 25.18 ± 3.25 18.78 , 31.59 46.54 ± 11.27 24.23 , 68.84 
CTmax -0.01 ± 0.02 -0.06 , 0.04 -0.01 ± 0.05 -0.10 , 0.08 
Male -4.21 ± 8.40 -20.70 , 12.27 6.96 ± 12.65 -18.04 , 31.96 
CTmax: Male -0.03 ± 0.07 -0.16 , 0.09 0.00 ± 0.02 -0.04 , 0.04 
LTmax -0.03 ± 0.13 -0.27 , 0.22 -0.90 ± 0.47 -1.83 , 0.02 
LTmax: Male 0.19 ± 0.30 -0.40 , 0.79 -0.24 ± 0.50 -1.23 , 0.76 
 
2C) Current and long term minimum average daily temperature  

 Estimate ± SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept 22.10 ± 2.35 17.47 , 26.72 30.40 ± 5.29 19.92 , 40.87 
CTmin 0.01 ± 0.04 -0.06 , 0.08 -0.62 ± 0.48 -1.57 , 0.32 
Male -6.97 ± 5.98 -18.73 , 4.78 13.22 ± 9.10 -4.75 , 31.19 
CTmin: Male 0.02 ± 0.08 -0.14 , 0.19 -1.09 ± 0.82 -2.71 , 0.53 
LTmin 0.14 ± 0.17 -0.20 , 0.48 -0.00 ± 0.04 -0.09 , 0.09 
LTmin: Male 0.47 ± 0.44 -0.40 , 1.34 -0.00 ± 0.04 -0.08 , 0.08 
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Figure 1: Variation in body mass of breeding and molting male Red-capped larks in Kedong with 
A) long term maximum daily temperature and B) current minimum daily temperature 
 
Critical climatic time windows of current environmental factors to explain body mass and 
food availability 
Applying the sliding window approach to evaluate critical time windows where Crain, CTmax and 
CTmin best predicted body mass of Red-capped Larks, we found that the best supported windows 
were the minimum Crain in the preceding one week, minimum CTmax on the preceding 3-0 weeks 
and maximum CTmin on the preceding 5 – 6 weeks (Table 3A). However, after carrying out 1000 
randomizations, we found that the observed ΔAICc for all the best supported windows of Crain, 
CTmax and CTmin lie within the randomized data set generated. Hence, it was likely that all best 
windows were false positives and therefore we did not consider them further (van de Pol and 
Cockburn 2011, van de Pol et al. 2016). Additionally and consistent with the randomization results, 
our model-weights plots for each of the three weather factors showed that almost all models were 
roughly equally well supported and within the 95% weight (Table 3A).      

Evaluating the critical time period where weather best predicted food availability showed 
different time windows for ground and flying invertebrate biomass. Ground invertebrate biomass 
was best predicted by the prior maximums of Crain 5-1 weeks, CTmax 7-4 weeks and CTmin 5-2 
weeks preceding sampling date (Table 3B). On the other hand flying invertebrate biomass was best 
predicted by the maximums of Crain 4-1 week, CTmax 7-6 weeks and the minimum of CTmin 5-3 
weeks prior to invertebrate sampling (Table 3C). Similar to the body mass analyses, the windows 
for Crain and CTmax predicting ground invertebrate biomass and for all three weather factors 
predicting flying invertebrate biomass were within the randomized data set; in addition, the 
majority of the models was equally well supported and within the 95% weight (Table 3B and 3C). 
In contrast, the best supported CTmin window predicting ground invertebrate biomass was 
significantly different from the randomized data distribution (P_∆AICc < 0.01) showing high 
support that it was unlikely to be a false positive (Table 3B).  
 
 
 

 
 

 
 

Table 2: Model averaged estimates (± SE) on the effects of sex and (2A) current (Crain) and long 
term rainfall (Lrain), (2B) current (CTmax) and long term (LTmax) maximum average daily 
temperature, and (2C) current (CTmin) and long term (LTmin) minimum average daily temperature 
on body mass of breeding (left column) and molting (right column) Red-capped Larks in Kedong 
Ranch. We restricted the model set to include only those models containing sex and either current 
or long term weather but not both. A complete overview of the sub model sets is provided in 
Appendix 3. 
 

 Breeding Molting 
2A) Current and long term rainfall 

 Estimate ± SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept  23.81 ± 0.41   22.99 , 24.62  24.39 ± 0.84   22.72 , 26.06 
Crain    0.00 ± 0.00    -0.00 , 0.01   -0.04 ± 0.03    -0.10 , 0.02 
Male   -0.38 ± 0.72    -1.79 , 1.04    0.53 ± 0.84    -1.14 , 2.20 
Crain: Male   -0.00 ± 0.00    -0.01 , 0.01    0.04 ± 0.05    -0.06 , 0.15 
Lrain    0.01 ± 0.01    -0.01 , 0.02   -0.01 ± 0.02    -0.05 , 0.03 
LRain: Male    0.00 ± 0.01    -0.01 , 0.02    0.00 ± 0.01    -0.02 , 0.02 
 
2B) Current and long term maximum average daily temperature  

 Estimate ± SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept 25.18 ± 3.25 18.78 , 31.59 46.54 ± 11.27 24.23 , 68.84 
CTmax -0.01 ± 0.02 -0.06 , 0.04 -0.01 ± 0.05 -0.10 , 0.08 
Male -4.21 ± 8.40 -20.70 , 12.27 6.96 ± 12.65 -18.04 , 31.96 
CTmax: Male -0.03 ± 0.07 -0.16 , 0.09 0.00 ± 0.02 -0.04 , 0.04 
LTmax -0.03 ± 0.13 -0.27 , 0.22 -0.90 ± 0.47 -1.83 , 0.02 
LTmax: Male 0.19 ± 0.30 -0.40 , 0.79 -0.24 ± 0.50 -1.23 , 0.76 
 
2C) Current and long term minimum average daily temperature  

 Estimate ± SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept 22.10 ± 2.35 17.47 , 26.72 30.40 ± 5.29 19.92 , 40.87 
CTmin 0.01 ± 0.04 -0.06 , 0.08 -0.62 ± 0.48 -1.57 , 0.32 
Male -6.97 ± 5.98 -18.73 , 4.78 13.22 ± 9.10 -4.75 , 31.19 
CTmin: Male 0.02 ± 0.08 -0.14 , 0.19 -1.09 ± 0.82 -2.71 , 0.53 
LTmin 0.14 ± 0.17 -0.20 , 0.48 -0.00 ± 0.04 -0.09 , 0.09 
LTmin: Male 0.47 ± 0.44 -0.40 , 1.34 -0.00 ± 0.04 -0.08 , 0.08 
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Figure 1: Variation in body mass of breeding and molting male Red-capped larks in Kedong with 
A) long term maximum daily temperature and B) current minimum daily temperature 
 
Critical climatic time windows of current environmental factors to explain body mass and 
food availability 
Applying the sliding window approach to evaluate critical time windows where Crain, CTmax and 
CTmin best predicted body mass of Red-capped Larks, we found that the best supported windows 
were the minimum Crain in the preceding one week, minimum CTmax on the preceding 3-0 weeks 
and maximum CTmin on the preceding 5 – 6 weeks (Table 3A). However, after carrying out 1000 
randomizations, we found that the observed ΔAICc for all the best supported windows of Crain, 
CTmax and CTmin lie within the randomized data set generated. Hence, it was likely that all best 
windows were false positives and therefore we did not consider them further (van de Pol and 
Cockburn 2011, van de Pol et al. 2016). Additionally and consistent with the randomization results, 
our model-weights plots for each of the three weather factors showed that almost all models were 
roughly equally well supported and within the 95% weight (Table 3A).      

Evaluating the critical time period where weather best predicted food availability showed 
different time windows for ground and flying invertebrate biomass. Ground invertebrate biomass 
was best predicted by the prior maximums of Crain 5-1 weeks, CTmax 7-4 weeks and CTmin 5-2 
weeks preceding sampling date (Table 3B). On the other hand flying invertebrate biomass was best 
predicted by the maximums of Crain 4-1 week, CTmax 7-6 weeks and the minimum of CTmin 5-3 
weeks prior to invertebrate sampling (Table 3C). Similar to the body mass analyses, the windows 
for Crain and CTmax predicting ground invertebrate biomass and for all three weather factors 
predicting flying invertebrate biomass were within the randomized data set; in addition, the 
majority of the models was equally well supported and within the 95% weight (Table 3B and 3C). 
In contrast, the best supported CTmin window predicting ground invertebrate biomass was 
significantly different from the randomized data distribution (P_∆AICc < 0.01) showing high 
support that it was unlikely to be a false positive (Table 3B).  
 
 
 

 
 

 
 

Table 2: Model averaged estimates (± SE) on the effects of sex and (2A) current (Crain) and long 
term rainfall (Lrain), (2B) current (CTmax) and long term (LTmax) maximum average daily 
temperature, and (2C) current (CTmin) and long term (LTmin) minimum average daily temperature 
on body mass of breeding (left column) and molting (right column) Red-capped Larks in Kedong 
Ranch. We restricted the model set to include only those models containing sex and either current 
or long term weather but not both. A complete overview of the sub model sets is provided in 
Appendix 3. 
 

 Breeding Molting 
2A) Current and long term rainfall 

 Estimate ± SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept  23.81 ± 0.41   22.99 , 24.62  24.39 ± 0.84   22.72 , 26.06 
Crain    0.00 ± 0.00    -0.00 , 0.01   -0.04 ± 0.03    -0.10 , 0.02 
Male   -0.38 ± 0.72    -1.79 , 1.04    0.53 ± 0.84    -1.14 , 2.20 
Crain: Male   -0.00 ± 0.00    -0.01 , 0.01    0.04 ± 0.05    -0.06 , 0.15 
Lrain    0.01 ± 0.01    -0.01 , 0.02   -0.01 ± 0.02    -0.05 , 0.03 
LRain: Male    0.00 ± 0.01    -0.01 , 0.02    0.00 ± 0.01    -0.02 , 0.02 
 
2B) Current and long term maximum average daily temperature  

 Estimate ± SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept 25.18 ± 3.25 18.78 , 31.59 46.54 ± 11.27 24.23 , 68.84 
CTmax -0.01 ± 0.02 -0.06 , 0.04 -0.01 ± 0.05 -0.10 , 0.08 
Male -4.21 ± 8.40 -20.70 , 12.27 6.96 ± 12.65 -18.04 , 31.96 
CTmax: Male -0.03 ± 0.07 -0.16 , 0.09 0.00 ± 0.02 -0.04 , 0.04 
LTmax -0.03 ± 0.13 -0.27 , 0.22 -0.90 ± 0.47 -1.83 , 0.02 
LTmax: Male 0.19 ± 0.30 -0.40 , 0.79 -0.24 ± 0.50 -1.23 , 0.76 
 
2C) Current and long term minimum average daily temperature  

 Estimate ± SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept 22.10 ± 2.35 17.47 , 26.72 30.40 ± 5.29 19.92 , 40.87 
CTmin 0.01 ± 0.04 -0.06 , 0.08 -0.62 ± 0.48 -1.57 , 0.32 
Male -6.97 ± 5.98 -18.73 , 4.78 13.22 ± 9.10 -4.75 , 31.19 
CTmin: Male 0.02 ± 0.08 -0.14 , 0.19 -1.09 ± 0.82 -2.71 , 0.53 
LTmin 0.14 ± 0.17 -0.20 , 0.48 -0.00 ± 0.04 -0.09 , 0.09 
LTmin: Male 0.47 ± 0.44 -0.40 , 1.34 -0.00 ± 0.04 -0.08 , 0.08 
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Figure 1: Variation in body mass of breeding and molting male Red-capped larks in Kedong with 
A) long term maximum daily temperature and B) current minimum daily temperature 
 
Critical climatic time windows of current environmental factors to explain body mass and 
food availability 
Applying the sliding window approach to evaluate critical time windows where Crain, CTmax and 
CTmin best predicted body mass of Red-capped Larks, we found that the best supported windows 
were the minimum Crain in the preceding one week, minimum CTmax on the preceding 3-0 weeks 
and maximum CTmin on the preceding 5 – 6 weeks (Table 3A). However, after carrying out 1000 
randomizations, we found that the observed ΔAICc for all the best supported windows of Crain, 
CTmax and CTmin lie within the randomized data set generated. Hence, it was likely that all best 
windows were false positives and therefore we did not consider them further (van de Pol and 
Cockburn 2011, van de Pol et al. 2016). Additionally and consistent with the randomization results, 
our model-weights plots for each of the three weather factors showed that almost all models were 
roughly equally well supported and within the 95% weight (Table 3A).      

Evaluating the critical time period where weather best predicted food availability showed 
different time windows for ground and flying invertebrate biomass. Ground invertebrate biomass 
was best predicted by the prior maximums of Crain 5-1 weeks, CTmax 7-4 weeks and CTmin 5-2 
weeks preceding sampling date (Table 3B). On the other hand flying invertebrate biomass was best 
predicted by the maximums of Crain 4-1 week, CTmax 7-6 weeks and the minimum of CTmin 5-3 
weeks prior to invertebrate sampling (Table 3C). Similar to the body mass analyses, the windows 
for Crain and CTmax predicting ground invertebrate biomass and for all three weather factors 
predicting flying invertebrate biomass were within the randomized data set; in addition, the 
majority of the models was equally well supported and within the 95% weight (Table 3B and 3C). 
In contrast, the best supported CTmin window predicting ground invertebrate biomass was 
significantly different from the randomized data distribution (P_∆AICc < 0.01) showing high 
support that it was unlikely to be a false positive (Table 3B).  
 
 
 

 
 

 
 

Table 2: Model averaged estimates (± SE) on the effects of sex and (2A) current (Crain) and long 
term rainfall (Lrain), (2B) current (CTmax) and long term (LTmax) maximum average daily 
temperature, and (2C) current (CTmin) and long term (LTmin) minimum average daily temperature 
on body mass of breeding (left column) and molting (right column) Red-capped Larks in Kedong 
Ranch. We restricted the model set to include only those models containing sex and either current 
or long term weather but not both. A complete overview of the sub model sets is provided in 
Appendix 3. 
 

 Breeding Molting 
2A) Current and long term rainfall 

 Estimate ± SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept  23.81 ± 0.41   22.99 , 24.62  24.39 ± 0.84   22.72 , 26.06 
Crain    0.00 ± 0.00    -0.00 , 0.01   -0.04 ± 0.03    -0.10 , 0.02 
Male   -0.38 ± 0.72    -1.79 , 1.04    0.53 ± 0.84    -1.14 , 2.20 
Crain: Male   -0.00 ± 0.00    -0.01 , 0.01    0.04 ± 0.05    -0.06 , 0.15 
Lrain    0.01 ± 0.01    -0.01 , 0.02   -0.01 ± 0.02    -0.05 , 0.03 
LRain: Male    0.00 ± 0.01    -0.01 , 0.02    0.00 ± 0.01    -0.02 , 0.02 
 
2B) Current and long term maximum average daily temperature  

 Estimate ± SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept 25.18 ± 3.25 18.78 , 31.59 46.54 ± 11.27 24.23 , 68.84 
CTmax -0.01 ± 0.02 -0.06 , 0.04 -0.01 ± 0.05 -0.10 , 0.08 
Male -4.21 ± 8.40 -20.70 , 12.27 6.96 ± 12.65 -18.04 , 31.96 
CTmax: Male -0.03 ± 0.07 -0.16 , 0.09 0.00 ± 0.02 -0.04 , 0.04 
LTmax -0.03 ± 0.13 -0.27 , 0.22 -0.90 ± 0.47 -1.83 , 0.02 
LTmax: Male 0.19 ± 0.30 -0.40 , 0.79 -0.24 ± 0.50 -1.23 , 0.76 
 
2C) Current and long term minimum average daily temperature  

 Estimate ± SE 95% Confidence limits Estimate ± SE 95% Confidence limits 
Intercept 22.10 ± 2.35 17.47 , 26.72 30.40 ± 5.29 19.92 , 40.87 
CTmin 0.01 ± 0.04 -0.06 , 0.08 -0.62 ± 0.48 -1.57 , 0.32 
Male -6.97 ± 5.98 -18.73 , 4.78 13.22 ± 9.10 -4.75 , 31.19 
CTmin: Male 0.02 ± 0.08 -0.14 , 0.19 -1.09 ± 0.82 -2.71 , 0.53 
LTmin 0.14 ± 0.17 -0.20 , 0.48 -0.00 ± 0.04 -0.09 , 0.09 
LTmin: Male 0.47 ± 0.44 -0.40 , 1.34 -0.00 ± 0.04 -0.08 , 0.08 
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Table 3: The best supported climatic time windows and the respective window length in weeks for 
current rainfall (Crain), maximum (CTmax) and minimum (CTmin) daily temperature predicting (3A) 
body mass of Red-capped larks, (3B) ground invertebrate biomass and (3C) flying invertebrate 
biomass identified through the sliding window approach. The best supported time window for each 
factor was identified after comparing the highest supported window for three aggregate statistics 
of mean, maximum and minimum for each weather factor related to (3A) body mass of breeding 
and molting male and female Red-capped larks, (3B) ground invertebrate and (3C) flying 
invertebrate biomass with a linear response function and including a baseline regression (null) 
model with sex and life history stage as independent variables. Sample size in table 3A represents 
number of birds measured while in table 3B and 3C it represents the number of months invertebrates were 
sampled.  
 

3A) 

Parameter 
Window 
(weeks)  Statistic 

Sample 
size 
ΔAICc  Beta ± S.E. 

Percentage of 
models in 
95%  weight  ΔAICc  

PAICc 
1000 Randomization 

Crain 1-0 Minimum 314 1.31 ± 0.21 78 -3.93 0.17 
CTmax 3-0 Minimum 316 -0.01 ± 0.24 89 -2.18 0.13 
CTmin 6-5 Maximum 316 -0.08 ± 0.21 92  0.18 0.65 
 
3B)  
Crain 5-1 Maximum 63 0.47 ± 0.41 92    0.87 0.92 
CTmax 7-4 Maximum 63 0.56 ± 0.39 92    0.15 0.42 
CTmin 5-2 Maximum 63 2.87 ± 0.72 39 -12.30 < 0.01 
 
3C)  
Crain 4-1 Maximum 60 1.19 ± 0.45 70 -4.62 0.14 
Tmax 7-6 Maximum 60 0.42 ± 0.38 92  0.96 0.63 
Tmin 5-3 Minimum 60 1.84 ± 0.69 78 -4.66 0.10 

 
Combined socio-environmental factors influencing body mass of A. breeding and molting 
males and females, and B. females only during breeding, molting and quiescence 
We analyzed the effects of current weather, food and nesting intensity on body mass of breeding 
and molting male and female Red-capped larks: after removing the marginally insignificant 
interaction life history stage x ground invertebrate biomass, we found significant effects of ground 
invertebrate biomass, and the interactions sex x life history stage and life history stage x Tmin 
(Figure 2, Table 4). Red-capped larks were heavier when the ground invertebrate biomass was low 
but decreased in body mass with an increase in ground invertebrate biomass (Figure 2C). Further 
exploring the interaction sex x life history stage, we found that breeding females were heavier than 
molting females, while breeding males were lighter than molting males (Figure 2B). Post hoc 
analyses revealed that the difference between breeding and molting was significant in females (t 
251 = 4.80, P<0.01), but not in males (t 251=1.06, P=0.29). Further exploring the interaction life 
history stage x Tmin revealed that body masses of breeding birds were lower when Tmin was lower, 
although the slope did not differ significantly from zero (estimate ± S.E = 0.11 ± 0.09, 95% C.I. = 
-0.06, 0.29). Conversely, body masses of molting birds were higher when Tmin was lower, a 
significant effect (slope estimate ± S.E = -0.73 ± 0.33, 95% C.I. = -1.37, -0.09 (Figure 2A)).  

 
 

 
 

 
Table 4: Results of general linear models examining the effects of weather (Crain, CTmax and 
CTmin), food (ground and flying invertebrate biomass), and nesting intensity on the body mass of 
breeding and molting male and female Red-capped larks. Each full model also included all 2-way 
and 3-way interactions between sex and life history stage and all independent variables. In bold are 
statistically significant P-values. 
 

 Df F Value P(>F) 
Sex 1, 251 2.66 0.10 
Life history stage 1, 251 14.18 < 0.01 
Ground invertebrates 1, 251 23.67 < 0.01 
Flying invertebrates 1, 251 2.11 0.15 
CTmax 1, 251 0.01 0.91 
CTmin 1, 251 0.66 0.42 
Crain 1, 251 2.44 0.12 
Nesting intensity 1, 251 1.43 0.23 
Sex: life history stage 1, 251 9.29 < 0.01 
Life history stage: CTmin 1, 251 6.47 0.01 
Life history stage: flying invertebrates 1, 250 2.41 0.12 
Life history stage: CTmax 1, 249 2.48 0.12 
Life history stage: ground invertebrates 1, 248 3.83 0.051 
Sex: CTmin 1, 247 1.42 0.24 
Sex: flying invertebrates 1, 246 1.48 0.23 
life history stage: nesting intensity 1, 245 0.23 0.63 
life history stage: Crain 1, 244 0.34 0.56 
Sex: Crain 1, 243 0.31 0.58 
Sex: ground invertebrates 1, 242 0.20 0.65 
Sex: life history stage: nesting intensity 2, 240 2.52 0.08 
Sex: nesting intensity 1, 239 0.00 0.98 
Sex: life history stage: Crain 1, 238 1.74 0.19 
Sex: life history stage: flying invertebrates 1, 237 1.04 0.31 
Sex: life history stage: CTmax 1, 236 0.07 0.80 
Sex: life history stage: ground invertebrates 1, 235 0.00 0.96 
Sex: life history stage: CTmin 1, 235 0.00 0.96 
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Table 3: The best supported climatic time windows and the respective window length in weeks for 
current rainfall (Crain), maximum (CTmax) and minimum (CTmin) daily temperature predicting (3A) 
body mass of Red-capped larks, (3B) ground invertebrate biomass and (3C) flying invertebrate 
biomass identified through the sliding window approach. The best supported time window for each 
factor was identified after comparing the highest supported window for three aggregate statistics 
of mean, maximum and minimum for each weather factor related to (3A) body mass of breeding 
and molting male and female Red-capped larks, (3B) ground invertebrate and (3C) flying 
invertebrate biomass with a linear response function and including a baseline regression (null) 
model with sex and life history stage as independent variables. Sample size in table 3A represents 
number of birds measured while in table 3B and 3C it represents the number of months invertebrates were 
sampled.  
 

3A) 

Parameter 
Window 
(weeks)  Statistic 

Sample 
size 
ΔAICc  Beta ± S.E. 

Percentage of 
models in 
95%  weight  ΔAICc  

PAICc 
1000 Randomization 

Crain 1-0 Minimum 314 1.31 ± 0.21 78 -3.93 0.17 
CTmax 3-0 Minimum 316 -0.01 ± 0.24 89 -2.18 0.13 
CTmin 6-5 Maximum 316 -0.08 ± 0.21 92  0.18 0.65 
 
3B)  
Crain 5-1 Maximum 63 0.47 ± 0.41 92    0.87 0.92 
CTmax 7-4 Maximum 63 0.56 ± 0.39 92    0.15 0.42 
CTmin 5-2 Maximum 63 2.87 ± 0.72 39 -12.30 < 0.01 
 
3C)  
Crain 4-1 Maximum 60 1.19 ± 0.45 70 -4.62 0.14 
Tmax 7-6 Maximum 60 0.42 ± 0.38 92  0.96 0.63 
Tmin 5-3 Minimum 60 1.84 ± 0.69 78 -4.66 0.10 

 
Combined socio-environmental factors influencing body mass of A. breeding and molting 
males and females, and B. females only during breeding, molting and quiescence 
We analyzed the effects of current weather, food and nesting intensity on body mass of breeding 
and molting male and female Red-capped larks: after removing the marginally insignificant 
interaction life history stage x ground invertebrate biomass, we found significant effects of ground 
invertebrate biomass, and the interactions sex x life history stage and life history stage x Tmin 
(Figure 2, Table 4). Red-capped larks were heavier when the ground invertebrate biomass was low 
but decreased in body mass with an increase in ground invertebrate biomass (Figure 2C). Further 
exploring the interaction sex x life history stage, we found that breeding females were heavier than 
molting females, while breeding males were lighter than molting males (Figure 2B). Post hoc 
analyses revealed that the difference between breeding and molting was significant in females (t 
251 = 4.80, P<0.01), but not in males (t 251=1.06, P=0.29). Further exploring the interaction life 
history stage x Tmin revealed that body masses of breeding birds were lower when Tmin was lower, 
although the slope did not differ significantly from zero (estimate ± S.E = 0.11 ± 0.09, 95% C.I. = 
-0.06, 0.29). Conversely, body masses of molting birds were higher when Tmin was lower, a 
significant effect (slope estimate ± S.E = -0.73 ± 0.33, 95% C.I. = -1.37, -0.09 (Figure 2A)).  

 
 

 
 

 
Table 4: Results of general linear models examining the effects of weather (Crain, CTmax and 
CTmin), food (ground and flying invertebrate biomass), and nesting intensity on the body mass of 
breeding and molting male and female Red-capped larks. Each full model also included all 2-way 
and 3-way interactions between sex and life history stage and all independent variables. In bold are 
statistically significant P-values. 
 

 Df F Value P(>F) 
Sex 1, 251 2.66 0.10 
Life history stage 1, 251 14.18 < 0.01 
Ground invertebrates 1, 251 23.67 < 0.01 
Flying invertebrates 1, 251 2.11 0.15 
CTmax 1, 251 0.01 0.91 
CTmin 1, 251 0.66 0.42 
Crain 1, 251 2.44 0.12 
Nesting intensity 1, 251 1.43 0.23 
Sex: life history stage 1, 251 9.29 < 0.01 
Life history stage: CTmin 1, 251 6.47 0.01 
Life history stage: flying invertebrates 1, 250 2.41 0.12 
Life history stage: CTmax 1, 249 2.48 0.12 
Life history stage: ground invertebrates 1, 248 3.83 0.051 
Sex: CTmin 1, 247 1.42 0.24 
Sex: flying invertebrates 1, 246 1.48 0.23 
life history stage: nesting intensity 1, 245 0.23 0.63 
life history stage: Crain 1, 244 0.34 0.56 
Sex: Crain 1, 243 0.31 0.58 
Sex: ground invertebrates 1, 242 0.20 0.65 
Sex: life history stage: nesting intensity 2, 240 2.52 0.08 
Sex: nesting intensity 1, 239 0.00 0.98 
Sex: life history stage: Crain 1, 238 1.74 0.19 
Sex: life history stage: flying invertebrates 1, 237 1.04 0.31 
Sex: life history stage: CTmax 1, 236 0.07 0.80 
Sex: life history stage: ground invertebrates 1, 235 0.00 0.96 
Sex: life history stage: CTmin 1, 235 0.00 0.96 
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Table 3: The best supported climatic time windows and the respective window length in weeks for 
current rainfall (Crain), maximum (CTmax) and minimum (CTmin) daily temperature predicting (3A) 
body mass of Red-capped larks, (3B) ground invertebrate biomass and (3C) flying invertebrate 
biomass identified through the sliding window approach. The best supported time window for each 
factor was identified after comparing the highest supported window for three aggregate statistics 
of mean, maximum and minimum for each weather factor related to (3A) body mass of breeding 
and molting male and female Red-capped larks, (3B) ground invertebrate and (3C) flying 
invertebrate biomass with a linear response function and including a baseline regression (null) 
model with sex and life history stage as independent variables. Sample size in table 3A represents 
number of birds measured while in table 3B and 3C it represents the number of months invertebrates were 
sampled.  
 

3A) 

Parameter 
Window 
(weeks)  Statistic 

Sample 
size 
ΔAICc  Beta ± S.E. 

Percentage of 
models in 
95%  weight  ΔAICc  

PAICc 
1000 Randomization 

Crain 1-0 Minimum 314 1.31 ± 0.21 78 -3.93 0.17 
CTmax 3-0 Minimum 316 -0.01 ± 0.24 89 -2.18 0.13 
CTmin 6-5 Maximum 316 -0.08 ± 0.21 92  0.18 0.65 
 
3B)  
Crain 5-1 Maximum 63 0.47 ± 0.41 92    0.87 0.92 
CTmax 7-4 Maximum 63 0.56 ± 0.39 92    0.15 0.42 
CTmin 5-2 Maximum 63 2.87 ± 0.72 39 -12.30 < 0.01 
 
3C)  
Crain 4-1 Maximum 60 1.19 ± 0.45 70 -4.62 0.14 
Tmax 7-6 Maximum 60 0.42 ± 0.38 92  0.96 0.63 
Tmin 5-3 Minimum 60 1.84 ± 0.69 78 -4.66 0.10 

 
Combined socio-environmental factors influencing body mass of A. breeding and molting 
males and females, and B. females only during breeding, molting and quiescence 
We analyzed the effects of current weather, food and nesting intensity on body mass of breeding 
and molting male and female Red-capped larks: after removing the marginally insignificant 
interaction life history stage x ground invertebrate biomass, we found significant effects of ground 
invertebrate biomass, and the interactions sex x life history stage and life history stage x Tmin 
(Figure 2, Table 4). Red-capped larks were heavier when the ground invertebrate biomass was low 
but decreased in body mass with an increase in ground invertebrate biomass (Figure 2C). Further 
exploring the interaction sex x life history stage, we found that breeding females were heavier than 
molting females, while breeding males were lighter than molting males (Figure 2B). Post hoc 
analyses revealed that the difference between breeding and molting was significant in females (t 
251 = 4.80, P<0.01), but not in males (t 251=1.06, P=0.29). Further exploring the interaction life 
history stage x Tmin revealed that body masses of breeding birds were lower when Tmin was lower, 
although the slope did not differ significantly from zero (estimate ± S.E = 0.11 ± 0.09, 95% C.I. = 
-0.06, 0.29). Conversely, body masses of molting birds were higher when Tmin was lower, a 
significant effect (slope estimate ± S.E = -0.73 ± 0.33, 95% C.I. = -1.37, -0.09 (Figure 2A)).  

 
 

 
 

 
Table 4: Results of general linear models examining the effects of weather (Crain, CTmax and 
CTmin), food (ground and flying invertebrate biomass), and nesting intensity on the body mass of 
breeding and molting male and female Red-capped larks. Each full model also included all 2-way 
and 3-way interactions between sex and life history stage and all independent variables. In bold are 
statistically significant P-values. 
 

 Df F Value P(>F) 
Sex 1, 251 2.66 0.10 
Life history stage 1, 251 14.18 < 0.01 
Ground invertebrates 1, 251 23.67 < 0.01 
Flying invertebrates 1, 251 2.11 0.15 
CTmax 1, 251 0.01 0.91 
CTmin 1, 251 0.66 0.42 
Crain 1, 251 2.44 0.12 
Nesting intensity 1, 251 1.43 0.23 
Sex: life history stage 1, 251 9.29 < 0.01 
Life history stage: CTmin 1, 251 6.47 0.01 
Life history stage: flying invertebrates 1, 250 2.41 0.12 
Life history stage: CTmax 1, 249 2.48 0.12 
Life history stage: ground invertebrates 1, 248 3.83 0.051 
Sex: CTmin 1, 247 1.42 0.24 
Sex: flying invertebrates 1, 246 1.48 0.23 
life history stage: nesting intensity 1, 245 0.23 0.63 
life history stage: Crain 1, 244 0.34 0.56 
Sex: Crain 1, 243 0.31 0.58 
Sex: ground invertebrates 1, 242 0.20 0.65 
Sex: life history stage: nesting intensity 2, 240 2.52 0.08 
Sex: nesting intensity 1, 239 0.00 0.98 
Sex: life history stage: Crain 1, 238 1.74 0.19 
Sex: life history stage: flying invertebrates 1, 237 1.04 0.31 
Sex: life history stage: CTmax 1, 236 0.07 0.80 
Sex: life history stage: ground invertebrates 1, 235 0.00 0.96 
Sex: life history stage: CTmin 1, 235 0.00 0.96 
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Table 3: The best supported climatic time windows and the respective window length in weeks for 
current rainfall (Crain), maximum (CTmax) and minimum (CTmin) daily temperature predicting (3A) 
body mass of Red-capped larks, (3B) ground invertebrate biomass and (3C) flying invertebrate 
biomass identified through the sliding window approach. The best supported time window for each 
factor was identified after comparing the highest supported window for three aggregate statistics 
of mean, maximum and minimum for each weather factor related to (3A) body mass of breeding 
and molting male and female Red-capped larks, (3B) ground invertebrate and (3C) flying 
invertebrate biomass with a linear response function and including a baseline regression (null) 
model with sex and life history stage as independent variables. Sample size in table 3A represents 
number of birds measured while in table 3B and 3C it represents the number of months invertebrates were 
sampled.  
 

3A) 

Parameter 
Window 
(weeks)  Statistic 

Sample 
size 
ΔAICc  Beta ± S.E. 

Percentage of 
models in 
95%  weight  ΔAICc  

PAICc 
1000 Randomization 

Crain 1-0 Minimum 314 1.31 ± 0.21 78 -3.93 0.17 
CTmax 3-0 Minimum 316 -0.01 ± 0.24 89 -2.18 0.13 
CTmin 6-5 Maximum 316 -0.08 ± 0.21 92  0.18 0.65 
 
3B)  
Crain 5-1 Maximum 63 0.47 ± 0.41 92    0.87 0.92 
CTmax 7-4 Maximum 63 0.56 ± 0.39 92    0.15 0.42 
CTmin 5-2 Maximum 63 2.87 ± 0.72 39 -12.30 < 0.01 
 
3C)  
Crain 4-1 Maximum 60 1.19 ± 0.45 70 -4.62 0.14 
Tmax 7-6 Maximum 60 0.42 ± 0.38 92  0.96 0.63 
Tmin 5-3 Minimum 60 1.84 ± 0.69 78 -4.66 0.10 

 
Combined socio-environmental factors influencing body mass of A. breeding and molting 
males and females, and B. females only during breeding, molting and quiescence 
We analyzed the effects of current weather, food and nesting intensity on body mass of breeding 
and molting male and female Red-capped larks: after removing the marginally insignificant 
interaction life history stage x ground invertebrate biomass, we found significant effects of ground 
invertebrate biomass, and the interactions sex x life history stage and life history stage x Tmin 
(Figure 2, Table 4). Red-capped larks were heavier when the ground invertebrate biomass was low 
but decreased in body mass with an increase in ground invertebrate biomass (Figure 2C). Further 
exploring the interaction sex x life history stage, we found that breeding females were heavier than 
molting females, while breeding males were lighter than molting males (Figure 2B). Post hoc 
analyses revealed that the difference between breeding and molting was significant in females (t 
251 = 4.80, P<0.01), but not in males (t 251=1.06, P=0.29). Further exploring the interaction life 
history stage x Tmin revealed that body masses of breeding birds were lower when Tmin was lower, 
although the slope did not differ significantly from zero (estimate ± S.E = 0.11 ± 0.09, 95% C.I. = 
-0.06, 0.29). Conversely, body masses of molting birds were higher when Tmin was lower, a 
significant effect (slope estimate ± S.E = -0.73 ± 0.33, 95% C.I. = -1.37, -0.09 (Figure 2A)).  

 
 

 
 

 
Table 4: Results of general linear models examining the effects of weather (Crain, CTmax and 
CTmin), food (ground and flying invertebrate biomass), and nesting intensity on the body mass of 
breeding and molting male and female Red-capped larks. Each full model also included all 2-way 
and 3-way interactions between sex and life history stage and all independent variables. In bold are 
statistically significant P-values. 
 

 Df F Value P(>F) 
Sex 1, 251 2.66 0.10 
Life history stage 1, 251 14.18 < 0.01 
Ground invertebrates 1, 251 23.67 < 0.01 
Flying invertebrates 1, 251 2.11 0.15 
CTmax 1, 251 0.01 0.91 
CTmin 1, 251 0.66 0.42 
Crain 1, 251 2.44 0.12 
Nesting intensity 1, 251 1.43 0.23 
Sex: life history stage 1, 251 9.29 < 0.01 
Life history stage: CTmin 1, 251 6.47 0.01 
Life history stage: flying invertebrates 1, 250 2.41 0.12 
Life history stage: CTmax 1, 249 2.48 0.12 
Life history stage: ground invertebrates 1, 248 3.83 0.051 
Sex: CTmin 1, 247 1.42 0.24 
Sex: flying invertebrates 1, 246 1.48 0.23 
life history stage: nesting intensity 1, 245 0.23 0.63 
life history stage: Crain 1, 244 0.34 0.56 
Sex: Crain 1, 243 0.31 0.58 
Sex: ground invertebrates 1, 242 0.20 0.65 
Sex: life history stage: nesting intensity 2, 240 2.52 0.08 
Sex: nesting intensity 1, 239 0.00 0.98 
Sex: life history stage: Crain 1, 238 1.74 0.19 
Sex: life history stage: flying invertebrates 1, 237 1.04 0.31 
Sex: life history stage: CTmax 1, 236 0.07 0.80 
Sex: life history stage: ground invertebrates 1, 235 0.00 0.96 
Sex: life history stage: CTmin 1, 235 0.00 0.96 
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Figure 2: Body mass of female (left panels) and male (right pane) Red-capped lark as a function of 
(2A) minimum daily temperature, (2B) life history stage and (2C) ground invertebrate biomass. 
Within figure 2A and 2C, gray area along the regression line represent 95% CI while circles show 
body mass data of individual Red-capped larks. Within figure 2B, the line and box represent mean 
± SD; bars represent range, and different letters above the box plots denote statistically significant 
differences between groups within the same sex.    
 
 
Analyzing females only and including all three life history stages, we found that female body mass 
was significantly influenced by ground invertebrate biomass, flying invertebrate biomass and the 
interaction life history stage x nesting intensity (Figure 3, Table 5). Female body masses decreased 
with an increase in both ground and flying invertebrate biomass (Figure 3A and 3B). Exploring the 
relationship between nesting intensity and each life history stage, we found that during breeding 
and molting body masses were negatively correlated with nesting intensity while during quiescence 

 
 

 
 

body mass was positively correlated with nesting intensity (Figure 3C). Subsequent post-hoc 
analyses showed that molting females differed significantly from breeding females (estimate ± S.E. 
= 3.16 ± 0.76, t189 = 4.16, P < 0.01) and those in quiescence (estimate ± SE = -2.41 ± 0.80, t189 = -
3.01, P = 0.01), but breeding females were only marginally insignificantly different from quiescent 
females (estimate ± S.E. = 0.76 ± 0.33, t189=2.26, P= 0.06). Further analyses of the slopes per life 
history stage showed that the slopes of molting females significantly differed from zero (estimate 
± S.E.  = -1.70 ± 0.58, 95% C.I. = -2.84, -0.56) while those of breeding females (estimate ± S.E. = 
-0.09 ± 0.13, 95% C. I. = -0.34, 0.16) and birds in quiescence (estimate ± S.E. = 0.38 ± 0.25, 95% 
C.I. = -0.12, 0.88) did not significantly differ from zero.  
 
Table 5:  Results of General Linear Models examining the effect of Crain, maximum (CTmax) and 
minimum (CTmin) daily temperature, ground and flying invertebrate biomass, nesting intensity and 
their interactions with life history stage on body mass of female Red-capped larks in breeding, molt 
and quiescence. Statistically significant P-values are highlighted in bold. 
 

 Df F Value P 
Life history stage 2, 189 7.556 < 0.01 
Ground invertebrates 1, 189 8.334 < 0.01 
Flying invertebrates 1, 189 5.055 0.03 
CTmax 1, 189 0.676 0.41 
CTmin 1, 189 0.994 0.32 
Crain 1, 189 0.561 0.46 
Nesting intensity  1, 189 0.088 0.77 
Life history stage: nesting intensity 2, 189 5.926 < 0.01 
Life history stage: ground invertebrates 2, 187 0.381 0.68 
Life history stage: CTmin 2, 185 0.475 0.62 
Life history stage: Crain 2, 183 0.155 0.86 
Life history stage: flying invertebrates 2, 181 0.002 0.99 
Life history stage: CTmax 2, 181 0.001 0.99 
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Figure 2: Body mass of female (left panels) and male (right pane) Red-capped lark as a function of 
(2A) minimum daily temperature, (2B) life history stage and (2C) ground invertebrate biomass. 
Within figure 2A and 2C, gray area along the regression line represent 95% CI while circles show 
body mass data of individual Red-capped larks. Within figure 2B, the line and box represent mean 
± SD; bars represent range, and different letters above the box plots denote statistically significant 
differences between groups within the same sex.    
 
 
Analyzing females only and including all three life history stages, we found that female body mass 
was significantly influenced by ground invertebrate biomass, flying invertebrate biomass and the 
interaction life history stage x nesting intensity (Figure 3, Table 5). Female body masses decreased 
with an increase in both ground and flying invertebrate biomass (Figure 3A and 3B). Exploring the 
relationship between nesting intensity and each life history stage, we found that during breeding 
and molting body masses were negatively correlated with nesting intensity while during quiescence 

 
 

 
 

body mass was positively correlated with nesting intensity (Figure 3C). Subsequent post-hoc 
analyses showed that molting females differed significantly from breeding females (estimate ± S.E. 
= 3.16 ± 0.76, t189 = 4.16, P < 0.01) and those in quiescence (estimate ± SE = -2.41 ± 0.80, t189 = -
3.01, P = 0.01), but breeding females were only marginally insignificantly different from quiescent 
females (estimate ± S.E. = 0.76 ± 0.33, t189=2.26, P= 0.06). Further analyses of the slopes per life 
history stage showed that the slopes of molting females significantly differed from zero (estimate 
± S.E.  = -1.70 ± 0.58, 95% C.I. = -2.84, -0.56) while those of breeding females (estimate ± S.E. = 
-0.09 ± 0.13, 95% C. I. = -0.34, 0.16) and birds in quiescence (estimate ± S.E. = 0.38 ± 0.25, 95% 
C.I. = -0.12, 0.88) did not significantly differ from zero.  
 
Table 5:  Results of General Linear Models examining the effect of Crain, maximum (CTmax) and 
minimum (CTmin) daily temperature, ground and flying invertebrate biomass, nesting intensity and 
their interactions with life history stage on body mass of female Red-capped larks in breeding, molt 
and quiescence. Statistically significant P-values are highlighted in bold. 
 

 Df F Value P 
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Flying invertebrates 1, 189 5.055 0.03 
CTmax 1, 189 0.676 0.41 
CTmin 1, 189 0.994 0.32 
Crain 1, 189 0.561 0.46 
Nesting intensity  1, 189 0.088 0.77 
Life history stage: nesting intensity 2, 189 5.926 < 0.01 
Life history stage: ground invertebrates 2, 187 0.381 0.68 
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Figure 3: Body mass of female Red-capped larks as a function of (3A) ground invertebrate biomass, 
(3B) flying invertebrate biomass and (3C) nesting intensity. Within figure 3A, 3B and 3C, the gray 
area along the regression line represents 95% CI while circles show body mass data of individual 
Red-capped larks.    
 
 
Within individual differences in body mass during breeding, molt and in quiescence  
We found no significant differences between breeding and molt for females or males (Females t17 
= -1.21, P= 0.24; Males t 13 = -0.66, P= 0.52 (Figure 4A and 4B)). Similarly, body mass did not 
differ within individual females caught during breeding and quiescence (t13 = 0.80, P = 0.44 (Figure 
4C)) nor between females in molting and in quiescence (t6 = 0.79, P = 0.47 (Figure 4D)).  
     

 
 

 
 

 
Figure 4: Body mass differences within individual Red-capped larks for (A) males and (B) females 
caught during breeding and molt (C) females caught during breeding and quiescence, and (D) 
females caught during molt and quiescence. Lines pair the same individuals across the different 
life history stages. Middle bold line and box represent mean ± SD while bars represent range of 
values.  
 
 
Discussion  
 
In this study, we show evidence that despite the occurrence of year round breeding and the 
stochastic nature of the environmental conditions, body mass of Red-capped Larks was only partly 
explained by phenotypically plastic responses to current weather conditions, and surprisingly also 
to some extent appeared evolutionarily adapted to long term weather patterns. Specifically, body 
mass of breeding males correlated positively with CTmax while that of molting males correlated 
negatively with both LTmax and CTmin. Contrastingly, body mass of females was unrelated to both 
long term weather patterns and current weather conditions, irrespective of life history stage. 
Substantiating previous findings by Ndithia et al. (2017b) and consistent with our second 
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prediction, current or recent weather conditions generally did not explain body mass or food 
availability based on the climatic window approach. The only exception was that CTmin 5-2 weeks 
preceding sampling date predicted ground invertebrate biomass mass. When including all current 
social-environmental factors in a single model, we did not find the expected positive relationships 
of body mass with rainfall, temperature, invertebrate biomass and nesting intensity, factors which 
presumably reflect increased food availability and favorable socio-environmental conditions. 
Instead, independent of life history stage, male and female Red-capped larks had lower body mass 
with more ground invertebrate biomass, while female body mass was also negatively correlated 
with flying invertebrate biomass. Likewise, higher nesting intensity, presumably a proxy for good 
environmental conditions, was associated with a lower body mass in breeding and molting females, 
while females in quiescence showed the opposite relationship. In addition, molting, but not 
breeding, males and females had lower body mass when Tmin was higher. Furthermore, molting 
females were lighter than breeding and quiescent females, which did not differ from each other; 
males did not differ between molting and breeding. Finally, consistent with our prediction, but in 
contrast with our results at the population level, within individuals body mass did not differ with 
life history stage.  
 
Phenotypic plasticity versus long term evolutionary adaptation in Red-capped Larks body 
mass 
Birds can respond to varying environmental conditions either with evolved adaptive fixed traits 
over the course of generations or with phenotypic flexibility (Fusco and Minelli 2010). Consistent 
with the proposal by Piersma and Drent (2003) that plasticity should be especially prominent in 
stochastic environments, we found that, albeit weakly, body mass of female Red-capped Larks was 
better explained by current weather conditions, notably temperature, than by long term weather 
patterns. On the contrary, and surprisingly in this stochastic environment, male body mass was 
correlated with long term weather patterns, again notably temperature, suggesting phenotypic 
rigidity although male body masses also responded phenotypically flexible to CTmin. Sex 
differences in body mass plasticity in Red-capped Larks may reflect differing fitness costs of 
plasticity (Ball and Ketterson 2008) arising from morphological, physiological and/or behavioral 
differences between males and females (Mitchell et al. 2012, Goymann and Wingfield 2014, Ball 
2016). Although we are not aware of any research that has examined sex differences in the plastic 
response of body mass to changing environments in birds, sex differences in plasticity of body 
mass or size have been reported in insects, where the mean plasticity is greater in females than in 
males (reviewed in Stillwell et al. 2010). Sex differences in body mass plasticity in Red-capped 
Larks could develop through for instance, differing reproduction costs of mistiming breeding 
(Verhulst and Nilsson 2008, Low et al. 2015). With females proposed to invest more in breeding 
than males (Hemborg 1999), in a highly stochastic system a mistake in timing made by a female 
Red-capped lark is potentially far more costly than a mistake by a male (Ball and Ketterson 2008). 
In addition it may well take longer for a female to recover from a breeding mistake than a male due 
to the necessity of generating sufficient resources to produce another egg (Ball and Ketterson 
2008). The finding that during molt male body mass was better predicted by current than long term 
Tmin may not be surprising, because molting birds are known to be susceptible to lower temperature 
and higher body reserves may buffer against the increased heat loss due to reduced insulation 
(Klaassen 1995). As our results indeed show, Red-capped Larks are heavier with lower Tmin.   
 
 
 

 
 

 
 

Variation in body mass with increased food availability and favorable social-environmental 
factors  
Our study provides strong evidence of the unpredictability of weather as a cue for future food 
availability in our study system, consistent with previous findings of the stochastic nature of 
environmental variation in some equatorial tropical environments (Perfito et al. 2007, Tökölyi et 
al. 2012, Ndithia et al. 2017b). However, contrary to the starvation hypothesis that predicts 
individuals to opportunistically store more reserves with higher food availability to cover for 
unanticipated failure in the food supply in unpredictable environments (Bednekoff and Krebs 1995, 
Cuthill et al. 2000, Speakman 2018), Red-capped Larks’ body masses decreased with increased 
food availability. A possible explanation for this apparent discrepancy is that food availability may 
be sufficient year round and at no time limiting, as also suggested by the year round breeding of 
Red-capped larks (Skutch 1949, Ndithia et al. 2017b, Mwangi et al. 2018). With food sufficient 
year-round, it may pay off to have a lower body mass with increased food availability to counter 
associated negative costs of higher body mass that may include increased locomotory costs, 
reduced agility and speed when escaping predators, and higher predation vulnerability through 
required intensive foraging (Lima, 1986; Zimmer et al., 2011; Heldstab et al., 2017). As our results 
indeed show, minimum average daily temperature influences future ground invertebrate biomass 
but not body mass and that may be indicative that food availability is still dependent on weather in 
this environment, but the magnitude may not be large enough to influence birds within this 
environment as is generally observed in seasonal environments (Martin 1987). This may also 
explain our results that show no interaction between food availability and life history stages in 
relation to variation in body mass and additionally why food availability does not explain timing 
of breeding (Ndithia et al. 2017b).   
 
Body mass changes associated with life history stage 
At the population level, breeding females were heavier than molting females, while mass did not 
differ in males across the two stages. However, in contrast to this population level result, at the 
individual level body mass of Red-capped Larks did not vary with life history stage for either sex. 
This inconsistency for the females may be explained by the fact that environmental conditions 
could not be considered in the individual level analyses. Contrary to common expectation, we did 
not find evidence that birds accumulate reserves during breeding or molting (Moreno 1987), but 
on the contrary females in breeding did not differ with birds in quiescence, while females in molting 
had even a lower body mass than birds in quiescence (Figure 3). The lack of difference between 
the breeding and quiescent phase in females supports the hypothesis that birds in unpredictable 
environments with no strong predictive cues always maintain preparedness to opportunistically 
breed and molt. Contrary to predictable environments where birds have functional gonads but 
regress their reproductive organs during non-breeding periods, birds in unpredictable environments 
are thought to maintain their gonads partially activated even outside breeding to allow opportunistic 
breeding (Perfito et al. 2007). For example in the Australian Zebra Finch Taeniopygia guttata 
reproductive readiness changed consistently between the breeding and non breeding state while 
body condition (body mass controlled for size) was lower during non-breeding than breeding 
season in the predictable habitat, but more non-breeding birds in the unpredictable habitat 
maintained an activated reproductive system even though they had poorer body condition (Perfito 
et al. 2007). Since we did not observe molting and breeding in individual Red-capped Larks to co-
occur, it is possible that birds in molting are not opportunistically waiting to breed, therefore do 
not need active gonads nor maintaining physiological preparedness to breed like the birds in 
breeding and in quiescence (Tökölyi et al. 2012). We note however that body mass variation in 
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prediction, current or recent weather conditions generally did not explain body mass or food 
availability based on the climatic window approach. The only exception was that CTmin 5-2 weeks 
preceding sampling date predicted ground invertebrate biomass mass. When including all current 
social-environmental factors in a single model, we did not find the expected positive relationships 
of body mass with rainfall, temperature, invertebrate biomass and nesting intensity, factors which 
presumably reflect increased food availability and favorable socio-environmental conditions. 
Instead, independent of life history stage, male and female Red-capped larks had lower body mass 
with more ground invertebrate biomass, while female body mass was also negatively correlated 
with flying invertebrate biomass. Likewise, higher nesting intensity, presumably a proxy for good 
environmental conditions, was associated with a lower body mass in breeding and molting females, 
while females in quiescence showed the opposite relationship. In addition, molting, but not 
breeding, males and females had lower body mass when Tmin was higher. Furthermore, molting 
females were lighter than breeding and quiescent females, which did not differ from each other; 
males did not differ between molting and breeding. Finally, consistent with our prediction, but in 
contrast with our results at the population level, within individuals body mass did not differ with 
life history stage.  
 
Phenotypic plasticity versus long term evolutionary adaptation in Red-capped Larks body 
mass 
Birds can respond to varying environmental conditions either with evolved adaptive fixed traits 
over the course of generations or with phenotypic flexibility (Fusco and Minelli 2010). Consistent 
with the proposal by Piersma and Drent (2003) that plasticity should be especially prominent in 
stochastic environments, we found that, albeit weakly, body mass of female Red-capped Larks was 
better explained by current weather conditions, notably temperature, than by long term weather 
patterns. On the contrary, and surprisingly in this stochastic environment, male body mass was 
correlated with long term weather patterns, again notably temperature, suggesting phenotypic 
rigidity although male body masses also responded phenotypically flexible to CTmin. Sex 
differences in body mass plasticity in Red-capped Larks may reflect differing fitness costs of 
plasticity (Ball and Ketterson 2008) arising from morphological, physiological and/or behavioral 
differences between males and females (Mitchell et al. 2012, Goymann and Wingfield 2014, Ball 
2016). Although we are not aware of any research that has examined sex differences in the plastic 
response of body mass to changing environments in birds, sex differences in plasticity of body 
mass or size have been reported in insects, where the mean plasticity is greater in females than in 
males (reviewed in Stillwell et al. 2010). Sex differences in body mass plasticity in Red-capped 
Larks could develop through for instance, differing reproduction costs of mistiming breeding 
(Verhulst and Nilsson 2008, Low et al. 2015). With females proposed to invest more in breeding 
than males (Hemborg 1999), in a highly stochastic system a mistake in timing made by a female 
Red-capped lark is potentially far more costly than a mistake by a male (Ball and Ketterson 2008). 
In addition it may well take longer for a female to recover from a breeding mistake than a male due 
to the necessity of generating sufficient resources to produce another egg (Ball and Ketterson 
2008). The finding that during molt male body mass was better predicted by current than long term 
Tmin may not be surprising, because molting birds are known to be susceptible to lower temperature 
and higher body reserves may buffer against the increased heat loss due to reduced insulation 
(Klaassen 1995). As our results indeed show, Red-capped Larks are heavier with lower Tmin.   
 
 
 

 
 

 
 

Variation in body mass with increased food availability and favorable social-environmental 
factors  
Our study provides strong evidence of the unpredictability of weather as a cue for future food 
availability in our study system, consistent with previous findings of the stochastic nature of 
environmental variation in some equatorial tropical environments (Perfito et al. 2007, Tökölyi et 
al. 2012, Ndithia et al. 2017b). However, contrary to the starvation hypothesis that predicts 
individuals to opportunistically store more reserves with higher food availability to cover for 
unanticipated failure in the food supply in unpredictable environments (Bednekoff and Krebs 1995, 
Cuthill et al. 2000, Speakman 2018), Red-capped Larks’ body masses decreased with increased 
food availability. A possible explanation for this apparent discrepancy is that food availability may 
be sufficient year round and at no time limiting, as also suggested by the year round breeding of 
Red-capped larks (Skutch 1949, Ndithia et al. 2017b, Mwangi et al. 2018). With food sufficient 
year-round, it may pay off to have a lower body mass with increased food availability to counter 
associated negative costs of higher body mass that may include increased locomotory costs, 
reduced agility and speed when escaping predators, and higher predation vulnerability through 
required intensive foraging (Lima, 1986; Zimmer et al., 2011; Heldstab et al., 2017). As our results 
indeed show, minimum average daily temperature influences future ground invertebrate biomass 
but not body mass and that may be indicative that food availability is still dependent on weather in 
this environment, but the magnitude may not be large enough to influence birds within this 
environment as is generally observed in seasonal environments (Martin 1987). This may also 
explain our results that show no interaction between food availability and life history stages in 
relation to variation in body mass and additionally why food availability does not explain timing 
of breeding (Ndithia et al. 2017b).   
 
Body mass changes associated with life history stage 
At the population level, breeding females were heavier than molting females, while mass did not 
differ in males across the two stages. However, in contrast to this population level result, at the 
individual level body mass of Red-capped Larks did not vary with life history stage for either sex. 
This inconsistency for the females may be explained by the fact that environmental conditions 
could not be considered in the individual level analyses. Contrary to common expectation, we did 
not find evidence that birds accumulate reserves during breeding or molting (Moreno 1987), but 
on the contrary females in breeding did not differ with birds in quiescence, while females in molting 
had even a lower body mass than birds in quiescence (Figure 3). The lack of difference between 
the breeding and quiescent phase in females supports the hypothesis that birds in unpredictable 
environments with no strong predictive cues always maintain preparedness to opportunistically 
breed and molt. Contrary to predictable environments where birds have functional gonads but 
regress their reproductive organs during non-breeding periods, birds in unpredictable environments 
are thought to maintain their gonads partially activated even outside breeding to allow opportunistic 
breeding (Perfito et al. 2007). For example in the Australian Zebra Finch Taeniopygia guttata 
reproductive readiness changed consistently between the breeding and non breeding state while 
body condition (body mass controlled for size) was lower during non-breeding than breeding 
season in the predictable habitat, but more non-breeding birds in the unpredictable habitat 
maintained an activated reproductive system even though they had poorer body condition (Perfito 
et al. 2007). Since we did not observe molting and breeding in individual Red-capped Larks to co-
occur, it is possible that birds in molting are not opportunistically waiting to breed, therefore do 
not need active gonads nor maintaining physiological preparedness to breed like the birds in 
breeding and in quiescence (Tökölyi et al. 2012). We note however that body mass variation in 
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prediction, current or recent weather conditions generally did not explain body mass or food 
availability based on the climatic window approach. The only exception was that CTmin 5-2 weeks 
preceding sampling date predicted ground invertebrate biomass mass. When including all current 
social-environmental factors in a single model, we did not find the expected positive relationships 
of body mass with rainfall, temperature, invertebrate biomass and nesting intensity, factors which 
presumably reflect increased food availability and favorable socio-environmental conditions. 
Instead, independent of life history stage, male and female Red-capped larks had lower body mass 
with more ground invertebrate biomass, while female body mass was also negatively correlated 
with flying invertebrate biomass. Likewise, higher nesting intensity, presumably a proxy for good 
environmental conditions, was associated with a lower body mass in breeding and molting females, 
while females in quiescence showed the opposite relationship. In addition, molting, but not 
breeding, males and females had lower body mass when Tmin was higher. Furthermore, molting 
females were lighter than breeding and quiescent females, which did not differ from each other; 
males did not differ between molting and breeding. Finally, consistent with our prediction, but in 
contrast with our results at the population level, within individuals body mass did not differ with 
life history stage.  
 
Phenotypic plasticity versus long term evolutionary adaptation in Red-capped Larks body 
mass 
Birds can respond to varying environmental conditions either with evolved adaptive fixed traits 
over the course of generations or with phenotypic flexibility (Fusco and Minelli 2010). Consistent 
with the proposal by Piersma and Drent (2003) that plasticity should be especially prominent in 
stochastic environments, we found that, albeit weakly, body mass of female Red-capped Larks was 
better explained by current weather conditions, notably temperature, than by long term weather 
patterns. On the contrary, and surprisingly in this stochastic environment, male body mass was 
correlated with long term weather patterns, again notably temperature, suggesting phenotypic 
rigidity although male body masses also responded phenotypically flexible to CTmin. Sex 
differences in body mass plasticity in Red-capped Larks may reflect differing fitness costs of 
plasticity (Ball and Ketterson 2008) arising from morphological, physiological and/or behavioral 
differences between males and females (Mitchell et al. 2012, Goymann and Wingfield 2014, Ball 
2016). Although we are not aware of any research that has examined sex differences in the plastic 
response of body mass to changing environments in birds, sex differences in plasticity of body 
mass or size have been reported in insects, where the mean plasticity is greater in females than in 
males (reviewed in Stillwell et al. 2010). Sex differences in body mass plasticity in Red-capped 
Larks could develop through for instance, differing reproduction costs of mistiming breeding 
(Verhulst and Nilsson 2008, Low et al. 2015). With females proposed to invest more in breeding 
than males (Hemborg 1999), in a highly stochastic system a mistake in timing made by a female 
Red-capped lark is potentially far more costly than a mistake by a male (Ball and Ketterson 2008). 
In addition it may well take longer for a female to recover from a breeding mistake than a male due 
to the necessity of generating sufficient resources to produce another egg (Ball and Ketterson 
2008). The finding that during molt male body mass was better predicted by current than long term 
Tmin may not be surprising, because molting birds are known to be susceptible to lower temperature 
and higher body reserves may buffer against the increased heat loss due to reduced insulation 
(Klaassen 1995). As our results indeed show, Red-capped Larks are heavier with lower Tmin.   
 
 
 

 
 

 
 

Variation in body mass with increased food availability and favorable social-environmental 
factors  
Our study provides strong evidence of the unpredictability of weather as a cue for future food 
availability in our study system, consistent with previous findings of the stochastic nature of 
environmental variation in some equatorial tropical environments (Perfito et al. 2007, Tökölyi et 
al. 2012, Ndithia et al. 2017b). However, contrary to the starvation hypothesis that predicts 
individuals to opportunistically store more reserves with higher food availability to cover for 
unanticipated failure in the food supply in unpredictable environments (Bednekoff and Krebs 1995, 
Cuthill et al. 2000, Speakman 2018), Red-capped Larks’ body masses decreased with increased 
food availability. A possible explanation for this apparent discrepancy is that food availability may 
be sufficient year round and at no time limiting, as also suggested by the year round breeding of 
Red-capped larks (Skutch 1949, Ndithia et al. 2017b, Mwangi et al. 2018). With food sufficient 
year-round, it may pay off to have a lower body mass with increased food availability to counter 
associated negative costs of higher body mass that may include increased locomotory costs, 
reduced agility and speed when escaping predators, and higher predation vulnerability through 
required intensive foraging (Lima, 1986; Zimmer et al., 2011; Heldstab et al., 2017). As our results 
indeed show, minimum average daily temperature influences future ground invertebrate biomass 
but not body mass and that may be indicative that food availability is still dependent on weather in 
this environment, but the magnitude may not be large enough to influence birds within this 
environment as is generally observed in seasonal environments (Martin 1987). This may also 
explain our results that show no interaction between food availability and life history stages in 
relation to variation in body mass and additionally why food availability does not explain timing 
of breeding (Ndithia et al. 2017b).   
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At the population level, breeding females were heavier than molting females, while mass did not 
differ in males across the two stages. However, in contrast to this population level result, at the 
individual level body mass of Red-capped Larks did not vary with life history stage for either sex. 
This inconsistency for the females may be explained by the fact that environmental conditions 
could not be considered in the individual level analyses. Contrary to common expectation, we did 
not find evidence that birds accumulate reserves during breeding or molting (Moreno 1987), but 
on the contrary females in breeding did not differ with birds in quiescence, while females in molting 
had even a lower body mass than birds in quiescence (Figure 3). The lack of difference between 
the breeding and quiescent phase in females supports the hypothesis that birds in unpredictable 
environments with no strong predictive cues always maintain preparedness to opportunistically 
breed and molt. Contrary to predictable environments where birds have functional gonads but 
regress their reproductive organs during non-breeding periods, birds in unpredictable environments 
are thought to maintain their gonads partially activated even outside breeding to allow opportunistic 
breeding (Perfito et al. 2007). For example in the Australian Zebra Finch Taeniopygia guttata 
reproductive readiness changed consistently between the breeding and non breeding state while 
body condition (body mass controlled for size) was lower during non-breeding than breeding 
season in the predictable habitat, but more non-breeding birds in the unpredictable habitat 
maintained an activated reproductive system even though they had poorer body condition (Perfito 
et al. 2007). Since we did not observe molting and breeding in individual Red-capped Larks to co-
occur, it is possible that birds in molting are not opportunistically waiting to breed, therefore do 
not need active gonads nor maintaining physiological preparedness to breed like the birds in 
breeding and in quiescence (Tökölyi et al. 2012). We note however that body mass variation in 
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birds in quiescence may be relatively large, possibly representing a mixture of individuals in 
different phases (either pre and/or post breeding and molting phase), and therefore less likely to 
significantly differ from other life history stages. Unfortunately, the majority of studies on body 
mass change with life history stage have mostly focused on the stages of breeding and molting. 
Thus understanding body mass change in birds in quiescence with environment requires additional 
study and further detailed investigation.   

Secondly, in addition to molting females being lighter than breeding females, the decrease 
in body mass with an increase in nesting intensity only differed from zero in molting but not in 
breeding females. Molting entails aerodynamic costs due to missing flight feathers and reduced 
wing area (Echeverry-Galvis and Hau 2013). A pattern similar to ours was reported for Ruby-
throated hummingbirds Archilochus colubris L. where individuals lost body mass despite the 
availability of food to alleviate aerodynamic force requirements for weight support during molting 
(Chai 1997). Consistent with body mass decrease with increased food availability, decreased body 
mass in molting females under more favorable environmental conditions (as  indicated by nesting 
intensity) may suggest that a lean mass is beneficial for Red-capped Larks  under good conditions. 
Due to reduced flight efficiency during molting (Chai 1997), molting birds may be under actual or 
perceived higher predation pressure than during breeding or in quiescence and therefore have been 
proposed to maintain lower body mass to improve escape efficiency (Macleod and Gosler 2006). 
In addition, during molting flight efficiency is also reduced, which also may select for a lower body 
mass to reduce flight costs (Carrascal and Polo 2006).  
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Supplementary material 
 
Appendix 1: Raw Data summaries 

Summary by birds life history stage and total by Month 
 Missing Both Breeding Molting  Total 

January 3 0 22 0 0 25 
February 25 0 9 0 8 42 
March 23 1 16 2 8 50 
April 24 0 78 0 1 103 
May 32 0 45 0 9 86 
June 56 0 6 28 5 95 
July 34 0 14 5 4 57 
August 24 1 8 10 13 56 
September 19 0 7 8 3 37 
October 25 0 11 3 7 46 
November 9 0 9 0 0 18 
December 3 0 1 0 0 4 
       

Summary by birds life history stage and total by Year 
 Missing Both Breeding Molting  Total 

2011 26 0 12 3 14 55 
2012 17 1 45 0 0 63 
2013 7 0 19 7 2 35 
2014 99 0 70 32 15 216 
2015 78 0 40 11 15 144 
2016 50 1 40 3 12 106 
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Assessing evolutionary adaptation versus phenotypic plasticity by comparing how well long term 
and current weather explained body mass variation in Red-capped larks, we found that for females 
the highest ranked models for rainfall, Tmax and Tmin ranked current weather higher than long term 
weather (Appendix 2). For the rainfall models, the top ranked model included current rainfall, life 
history stage and the interaction current rainfall x life history stage explaining 89% in body mass 
variation (Appendix 2A). Similarly, current Tmax, life history stage and the interaction current Tmax 
x life history stage were in the highest ranked Tmax model explaining 36% (Appendix 2C). The top 
ranked Tmin model included current Tmin and life history stage explaining 36% of body mass 
variation in females (Appendix 2E). Further exploring the current and long-term rainfall, Tmax and 
Tmin models through model averaging, we found that neither the factors nor the interactions were 
significantly related to female Red-capped Larks body mass (Table 1). 

For males, the top ranked rainfall model predicting 50% of observed variation in body mass 
included long term rainfall, life history stage and the interaction long term rainfall x life history 
stage; the highest ranked Tmax model included long term Tmax and the interaction long term Tmax x 
life history stage explaining 95% of observed variation (Appendix 2B and 2D). However, the 
highest ranked Tmin model contained current Tmin, life history stage and the interaction current Tmin 
x life history stage explaining 100% of the variation (Appendix 2F). Model averaging results, we 
found that the interactions between long term Tmax x life history stage and current Tmin x life history 
stage were significantly related to body mass of male Red-capped Larks (Table 1). In contrast, 
neither long term or current rainfall nor any of the interaction with either were related to body mass 
of male Red-capped Larks (Table 1).   

Secondly, using separate models for breeding and molting birds to evaluate variation in 
body mass in relation to long term or current weather and sex, the most parsimonious models of 
breeding Red-capped Larks for rainfall, maximum and minimum daily temperature all had long 
term weather ranked higher than current weather (Appendix 3). The top rainfall model included 
long term rainfall and sex explaining 44% of body mass variation, while the highest ranked Tmax 
model included long term Tmax and the interaction long term Tmax x sex explaining 36% percent 
(Appendix 3A and 3C). Similarly, the highest ranked Tmin model explaining 64% included long 
term Tmin, sex and their interaction (Appendix 3E). In contrast to breeding birds, body mass of 
molting Red-capped Larks was better explained by current rainfall and current Tmax as opposed to 
long term rainfall or Tmax although long term Tmin was still ranked higher than current Tmin 
(Appendix 3).  The highest ranked rainfall model explaining 54% body mass variation included 
current rainfall, sex and their interaction, while the highest ranked Tmax model explaining 59% 
included long term Tmax and sex (Appendix 3B and 3D). The most parsimonious minimum daily 
temperature model explaining body mass variation in molting birds included current Tmin, sex and 
their interaction explaining 77% (Appendix 3F). However, model averaging results, we found that 
neither the long term weather nor current weather or sex was significantly related to body mass 
variation in Red-capped Larks (Table 2).  
 
 
 
 
 
 
 
 

 
 

 
 

Appendix 2: Model selection results of the effects of life history stage (Lhs) and (A and B) current 
(Crain) and long term rainfall (Lrain) on (A) females and (B) males, (C and D) current (CTmax) and 
long term (LTmax) maximum average daily temperature on (C) females and (D) males, and (E and 
F) current (CTmin) and long term (LTmin) minimum average daily temperature on (E) females and 
(F) males on body mass of Red-capped Larks in Kedong Ranch. We restricted the model set to 
include only those models containing life history stage and either current or long term weather but 
not both. Model averaged estimates (± SE) are provided in table 1. 
  
(A) Long term and current rainfall on female Red-capped Larks 
Intercept Lrain Crain Lhs Lrain:Lhs Crain:Lhs Df logLik AICc Delta weight 

24.05  0.01 +  + 5.00 -308.82 628.02 0.00 0.89 
24.11  0.00 +   4.00 -312.90 634.04 6.03 0.04 
23.96 0.00  +   4.00 -313.07 634.39 6.37 0.04 
23.86 0.01  + +  5.00 -312.21 634.80 6.78 0.03 

(B) Long term and current rainfall on male Red-capped Larks 
Intercept Lrain Crain Lhs Lrain:Lhs Crain:Lhs Df logLik AICc Delta weight 

22.80 0.02  + +  5.00 -176.68 364.03 0.00 0.50 
23.15 0.02  +   4.00 -178.21 364.85 0.82 0.33 
24.23  -0.00 +   4.00 -179.21 366.86 2.83 0.12 
24.25  -0.00 +  + 5.00 -178.90 368.46 4.43 0.05 

(C) Long term and current Tmax on female Red-capped Larks 
Intercept LTmax Lhs CTmax LTmax:Lhs Lhs:CTmax Df logLik AICc Delta weight 

24.54  + -0.01  + 5.00 -311.11 632.59 0.00 0.36 
29.01 -0.18 +    4.00 -312.58 633.42 0.82 0.24 
26.96 -0.11 +  +  5.00 -311.64 633.66 1.07 0.21 
25.06  + -0.03   4.00 -312.74 633.72 1.13 0.20 

(D) Long term and current Tmax on male Red-capped Larks 
Intercept LTmax Lhs CTmax LTmax:Lhs Lhs:CTmax Df logLik AICc Delta weight 

13.09 0.43 +  +  5.00 -171.58 353.83 0.00 0.95 
27.27  + -0.13   4.00 -175.95 360.34 6.52 0.04 
27.19  + -0.13  + 5.00 -175.95 362.56 8.73 0.01 
22.00 0.08 +    4.00 -179.26 366.95 13.12 0.00 

(E) Long term and current Tmin on female Red-capped Larks 
Intercept LTmin Lhs CTmin LTmin: Lhs Lhs: CTmin Df logLik AICc Delta weight 

23.77  + 0.04   4.00 -313.02 634.30 0.00 0.32 
22.65 0.11 +    4.00 -313.05 634.35 0.06 0.31 
23.67  + 0.05  + 5.00 -312.27 634.92 0.62 0.24 
22.30 0.14 +  +  5.00 -312.90 636.18 1.89 0.13 

(F) Long term and current Tmin on male Red-capped Larks 
Intercept LTmin Lhs CTmin LTmin: Lhs Lhs: CTmin Df logLik AICc Delta weight 

20.82  + 0.28  + 5.00 -168.01 346.68 0.00 1.00 
11.95 0.87 +  +  5.00 -173.60 357.86 11.18 0.00 
16.26 0.56 +    4.00 -177.20 362.83 16.15 0.00 
22.47  + 0.14   4.00 -178.69 365.81 19.13 0.00 
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Assessing evolutionary adaptation versus phenotypic plasticity by comparing how well long term 
and current weather explained body mass variation in Red-capped larks, we found that for females 
the highest ranked models for rainfall, Tmax and Tmin ranked current weather higher than long term 
weather (Appendix 2). For the rainfall models, the top ranked model included current rainfall, life 
history stage and the interaction current rainfall x life history stage explaining 89% in body mass 
variation (Appendix 2A). Similarly, current Tmax, life history stage and the interaction current Tmax 
x life history stage were in the highest ranked Tmax model explaining 36% (Appendix 2C). The top 
ranked Tmin model included current Tmin and life history stage explaining 36% of body mass 
variation in females (Appendix 2E). Further exploring the current and long-term rainfall, Tmax and 
Tmin models through model averaging, we found that neither the factors nor the interactions were 
significantly related to female Red-capped Larks body mass (Table 1). 

For males, the top ranked rainfall model predicting 50% of observed variation in body mass 
included long term rainfall, life history stage and the interaction long term rainfall x life history 
stage; the highest ranked Tmax model included long term Tmax and the interaction long term Tmax x 
life history stage explaining 95% of observed variation (Appendix 2B and 2D). However, the 
highest ranked Tmin model contained current Tmin, life history stage and the interaction current Tmin 
x life history stage explaining 100% of the variation (Appendix 2F). Model averaging results, we 
found that the interactions between long term Tmax x life history stage and current Tmin x life history 
stage were significantly related to body mass of male Red-capped Larks (Table 1). In contrast, 
neither long term or current rainfall nor any of the interaction with either were related to body mass 
of male Red-capped Larks (Table 1).   

Secondly, using separate models for breeding and molting birds to evaluate variation in 
body mass in relation to long term or current weather and sex, the most parsimonious models of 
breeding Red-capped Larks for rainfall, maximum and minimum daily temperature all had long 
term weather ranked higher than current weather (Appendix 3). The top rainfall model included 
long term rainfall and sex explaining 44% of body mass variation, while the highest ranked Tmax 
model included long term Tmax and the interaction long term Tmax x sex explaining 36% percent 
(Appendix 3A and 3C). Similarly, the highest ranked Tmin model explaining 64% included long 
term Tmin, sex and their interaction (Appendix 3E). In contrast to breeding birds, body mass of 
molting Red-capped Larks was better explained by current rainfall and current Tmax as opposed to 
long term rainfall or Tmax although long term Tmin was still ranked higher than current Tmin 
(Appendix 3).  The highest ranked rainfall model explaining 54% body mass variation included 
current rainfall, sex and their interaction, while the highest ranked Tmax model explaining 59% 
included long term Tmax and sex (Appendix 3B and 3D). The most parsimonious minimum daily 
temperature model explaining body mass variation in molting birds included current Tmin, sex and 
their interaction explaining 77% (Appendix 3F). However, model averaging results, we found that 
neither the long term weather nor current weather or sex was significantly related to body mass 
variation in Red-capped Larks (Table 2).  
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F) current (CTmin) and long term (LTmin) minimum average daily temperature on (E) females and 
(F) males on body mass of Red-capped Larks in Kedong Ranch. We restricted the model set to 
include only those models containing life history stage and either current or long term weather but 
not both. Model averaged estimates (± SE) are provided in table 1. 
  
(A) Long term and current rainfall on female Red-capped Larks 
Intercept Lrain Crain Lhs Lrain:Lhs Crain:Lhs Df logLik AICc Delta weight 

24.05  0.01 +  + 5.00 -308.82 628.02 0.00 0.89 
24.11  0.00 +   4.00 -312.90 634.04 6.03 0.04 
23.96 0.00  +   4.00 -313.07 634.39 6.37 0.04 
23.86 0.01  + +  5.00 -312.21 634.80 6.78 0.03 

(B) Long term and current rainfall on male Red-capped Larks 
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22.80 0.02  + +  5.00 -176.68 364.03 0.00 0.50 
23.15 0.02  +   4.00 -178.21 364.85 0.82 0.33 
24.23  -0.00 +   4.00 -179.21 366.86 2.83 0.12 
24.25  -0.00 +  + 5.00 -178.90 368.46 4.43 0.05 

(C) Long term and current Tmax on female Red-capped Larks 
Intercept LTmax Lhs CTmax LTmax:Lhs Lhs:CTmax Df logLik AICc Delta weight 

24.54  + -0.01  + 5.00 -311.11 632.59 0.00 0.36 
29.01 -0.18 +    4.00 -312.58 633.42 0.82 0.24 
26.96 -0.11 +  +  5.00 -311.64 633.66 1.07 0.21 
25.06  + -0.03   4.00 -312.74 633.72 1.13 0.20 

(D) Long term and current Tmax on male Red-capped Larks 
Intercept LTmax Lhs CTmax LTmax:Lhs Lhs:CTmax Df logLik AICc Delta weight 

13.09 0.43 +  +  5.00 -171.58 353.83 0.00 0.95 
27.27  + -0.13   4.00 -175.95 360.34 6.52 0.04 
27.19  + -0.13  + 5.00 -175.95 362.56 8.73 0.01 
22.00 0.08 +    4.00 -179.26 366.95 13.12 0.00 

(E) Long term and current Tmin on female Red-capped Larks 
Intercept LTmin Lhs CTmin LTmin: Lhs Lhs: CTmin Df logLik AICc Delta weight 

23.77  + 0.04   4.00 -313.02 634.30 0.00 0.32 
22.65 0.11 +    4.00 -313.05 634.35 0.06 0.31 
23.67  + 0.05  + 5.00 -312.27 634.92 0.62 0.24 
22.30 0.14 +  +  5.00 -312.90 636.18 1.89 0.13 

(F) Long term and current Tmin on male Red-capped Larks 
Intercept LTmin Lhs CTmin LTmin: Lhs Lhs: CTmin Df logLik AICc Delta weight 

20.82  + 0.28  + 5.00 -168.01 346.68 0.00 1.00 
11.95 0.87 +  +  5.00 -173.60 357.86 11.18 0.00 
16.26 0.56 +    4.00 -177.20 362.83 16.15 0.00 
22.47  + 0.14   4.00 -178.69 365.81 19.13 0.00 
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Assessing evolutionary adaptation versus phenotypic plasticity by comparing how well long term 
and current weather explained body mass variation in Red-capped larks, we found that for females 
the highest ranked models for rainfall, Tmax and Tmin ranked current weather higher than long term 
weather (Appendix 2). For the rainfall models, the top ranked model included current rainfall, life 
history stage and the interaction current rainfall x life history stage explaining 89% in body mass 
variation (Appendix 2A). Similarly, current Tmax, life history stage and the interaction current Tmax 
x life history stage were in the highest ranked Tmax model explaining 36% (Appendix 2C). The top 
ranked Tmin model included current Tmin and life history stage explaining 36% of body mass 
variation in females (Appendix 2E). Further exploring the current and long-term rainfall, Tmax and 
Tmin models through model averaging, we found that neither the factors nor the interactions were 
significantly related to female Red-capped Larks body mass (Table 1). 

For males, the top ranked rainfall model predicting 50% of observed variation in body mass 
included long term rainfall, life history stage and the interaction long term rainfall x life history 
stage; the highest ranked Tmax model included long term Tmax and the interaction long term Tmax x 
life history stage explaining 95% of observed variation (Appendix 2B and 2D). However, the 
highest ranked Tmin model contained current Tmin, life history stage and the interaction current Tmin 
x life history stage explaining 100% of the variation (Appendix 2F). Model averaging results, we 
found that the interactions between long term Tmax x life history stage and current Tmin x life history 
stage were significantly related to body mass of male Red-capped Larks (Table 1). In contrast, 
neither long term or current rainfall nor any of the interaction with either were related to body mass 
of male Red-capped Larks (Table 1).   

Secondly, using separate models for breeding and molting birds to evaluate variation in 
body mass in relation to long term or current weather and sex, the most parsimonious models of 
breeding Red-capped Larks for rainfall, maximum and minimum daily temperature all had long 
term weather ranked higher than current weather (Appendix 3). The top rainfall model included 
long term rainfall and sex explaining 44% of body mass variation, while the highest ranked Tmax 
model included long term Tmax and the interaction long term Tmax x sex explaining 36% percent 
(Appendix 3A and 3C). Similarly, the highest ranked Tmin model explaining 64% included long 
term Tmin, sex and their interaction (Appendix 3E). In contrast to breeding birds, body mass of 
molting Red-capped Larks was better explained by current rainfall and current Tmax as opposed to 
long term rainfall or Tmax although long term Tmin was still ranked higher than current Tmin 
(Appendix 3).  The highest ranked rainfall model explaining 54% body mass variation included 
current rainfall, sex and their interaction, while the highest ranked Tmax model explaining 59% 
included long term Tmax and sex (Appendix 3B and 3D). The most parsimonious minimum daily 
temperature model explaining body mass variation in molting birds included current Tmin, sex and 
their interaction explaining 77% (Appendix 3F). However, model averaging results, we found that 
neither the long term weather nor current weather or sex was significantly related to body mass 
variation in Red-capped Larks (Table 2).  
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(Crain) and long term rainfall (Lrain) on (A) females and (B) males, (C and D) current (CTmax) and 
long term (LTmax) maximum average daily temperature on (C) females and (D) males, and (E and 
F) current (CTmin) and long term (LTmin) minimum average daily temperature on (E) females and 
(F) males on body mass of Red-capped Larks in Kedong Ranch. We restricted the model set to 
include only those models containing life history stage and either current or long term weather but 
not both. Model averaged estimates (± SE) are provided in table 1. 
  
(A) Long term and current rainfall on female Red-capped Larks 
Intercept Lrain Crain Lhs Lrain:Lhs Crain:Lhs Df logLik AICc Delta weight 

24.05  0.01 +  + 5.00 -308.82 628.02 0.00 0.89 
24.11  0.00 +   4.00 -312.90 634.04 6.03 0.04 
23.96 0.00  +   4.00 -313.07 634.39 6.37 0.04 
23.86 0.01  + +  5.00 -312.21 634.80 6.78 0.03 

(B) Long term and current rainfall on male Red-capped Larks 
Intercept Lrain Crain Lhs Lrain:Lhs Crain:Lhs Df logLik AICc Delta weight 

22.80 0.02  + +  5.00 -176.68 364.03 0.00 0.50 
23.15 0.02  +   4.00 -178.21 364.85 0.82 0.33 
24.23  -0.00 +   4.00 -179.21 366.86 2.83 0.12 
24.25  -0.00 +  + 5.00 -178.90 368.46 4.43 0.05 

(C) Long term and current Tmax on female Red-capped Larks 
Intercept LTmax Lhs CTmax LTmax:Lhs Lhs:CTmax Df logLik AICc Delta weight 

24.54  + -0.01  + 5.00 -311.11 632.59 0.00 0.36 
29.01 -0.18 +    4.00 -312.58 633.42 0.82 0.24 
26.96 -0.11 +  +  5.00 -311.64 633.66 1.07 0.21 
25.06  + -0.03   4.00 -312.74 633.72 1.13 0.20 

(D) Long term and current Tmax on male Red-capped Larks 
Intercept LTmax Lhs CTmax LTmax:Lhs Lhs:CTmax Df logLik AICc Delta weight 

13.09 0.43 +  +  5.00 -171.58 353.83 0.00 0.95 
27.27  + -0.13   4.00 -175.95 360.34 6.52 0.04 
27.19  + -0.13  + 5.00 -175.95 362.56 8.73 0.01 
22.00 0.08 +    4.00 -179.26 366.95 13.12 0.00 

(E) Long term and current Tmin on female Red-capped Larks 
Intercept LTmin Lhs CTmin LTmin: Lhs Lhs: CTmin Df logLik AICc Delta weight 

23.77  + 0.04   4.00 -313.02 634.30 0.00 0.32 
22.65 0.11 +    4.00 -313.05 634.35 0.06 0.31 
23.67  + 0.05  + 5.00 -312.27 634.92 0.62 0.24 
22.30 0.14 +  +  5.00 -312.90 636.18 1.89 0.13 

(F) Long term and current Tmin on male Red-capped Larks 
Intercept LTmin Lhs CTmin LTmin: Lhs Lhs: CTmin Df logLik AICc Delta weight 

20.82  + 0.28  + 5.00 -168.01 346.68 0.00 1.00 
11.95 0.87 +  +  5.00 -173.60 357.86 11.18 0.00 
16.26 0.56 +    4.00 -177.20 362.83 16.15 0.00 
22.47  + 0.14   4.00 -178.69 365.81 19.13 0.00 
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Assessing evolutionary adaptation versus phenotypic plasticity by comparing how well long term 
and current weather explained body mass variation in Red-capped larks, we found that for females 
the highest ranked models for rainfall, Tmax and Tmin ranked current weather higher than long term 
weather (Appendix 2). For the rainfall models, the top ranked model included current rainfall, life 
history stage and the interaction current rainfall x life history stage explaining 89% in body mass 
variation (Appendix 2A). Similarly, current Tmax, life history stage and the interaction current Tmax 
x life history stage were in the highest ranked Tmax model explaining 36% (Appendix 2C). The top 
ranked Tmin model included current Tmin and life history stage explaining 36% of body mass 
variation in females (Appendix 2E). Further exploring the current and long-term rainfall, Tmax and 
Tmin models through model averaging, we found that neither the factors nor the interactions were 
significantly related to female Red-capped Larks body mass (Table 1). 

For males, the top ranked rainfall model predicting 50% of observed variation in body mass 
included long term rainfall, life history stage and the interaction long term rainfall x life history 
stage; the highest ranked Tmax model included long term Tmax and the interaction long term Tmax x 
life history stage explaining 95% of observed variation (Appendix 2B and 2D). However, the 
highest ranked Tmin model contained current Tmin, life history stage and the interaction current Tmin 
x life history stage explaining 100% of the variation (Appendix 2F). Model averaging results, we 
found that the interactions between long term Tmax x life history stage and current Tmin x life history 
stage were significantly related to body mass of male Red-capped Larks (Table 1). In contrast, 
neither long term or current rainfall nor any of the interaction with either were related to body mass 
of male Red-capped Larks (Table 1).   

Secondly, using separate models for breeding and molting birds to evaluate variation in 
body mass in relation to long term or current weather and sex, the most parsimonious models of 
breeding Red-capped Larks for rainfall, maximum and minimum daily temperature all had long 
term weather ranked higher than current weather (Appendix 3). The top rainfall model included 
long term rainfall and sex explaining 44% of body mass variation, while the highest ranked Tmax 
model included long term Tmax and the interaction long term Tmax x sex explaining 36% percent 
(Appendix 3A and 3C). Similarly, the highest ranked Tmin model explaining 64% included long 
term Tmin, sex and their interaction (Appendix 3E). In contrast to breeding birds, body mass of 
molting Red-capped Larks was better explained by current rainfall and current Tmax as opposed to 
long term rainfall or Tmax although long term Tmin was still ranked higher than current Tmin 
(Appendix 3).  The highest ranked rainfall model explaining 54% body mass variation included 
current rainfall, sex and their interaction, while the highest ranked Tmax model explaining 59% 
included long term Tmax and sex (Appendix 3B and 3D). The most parsimonious minimum daily 
temperature model explaining body mass variation in molting birds included current Tmin, sex and 
their interaction explaining 77% (Appendix 3F). However, model averaging results, we found that 
neither the long term weather nor current weather or sex was significantly related to body mass 
variation in Red-capped Larks (Table 2).  
 
 
 
 
 
 
 
 

 
 

 
 

Appendix 2: Model selection results of the effects of life history stage (Lhs) and (A and B) current 
(Crain) and long term rainfall (Lrain) on (A) females and (B) males, (C and D) current (CTmax) and 
long term (LTmax) maximum average daily temperature on (C) females and (D) males, and (E and 
F) current (CTmin) and long term (LTmin) minimum average daily temperature on (E) females and 
(F) males on body mass of Red-capped Larks in Kedong Ranch. We restricted the model set to 
include only those models containing life history stage and either current or long term weather but 
not both. Model averaged estimates (± SE) are provided in table 1. 
  
(A) Long term and current rainfall on female Red-capped Larks 
Intercept Lrain Crain Lhs Lrain:Lhs Crain:Lhs Df logLik AICc Delta weight 

24.05  0.01 +  + 5.00 -308.82 628.02 0.00 0.89 
24.11  0.00 +   4.00 -312.90 634.04 6.03 0.04 
23.96 0.00  +   4.00 -313.07 634.39 6.37 0.04 
23.86 0.01  + +  5.00 -312.21 634.80 6.78 0.03 
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24.25  -0.00 +  + 5.00 -178.90 368.46 4.43 0.05 

(C) Long term and current Tmax on female Red-capped Larks 
Intercept LTmax Lhs CTmax LTmax:Lhs Lhs:CTmax Df logLik AICc Delta weight 

24.54  + -0.01  + 5.00 -311.11 632.59 0.00 0.36 
29.01 -0.18 +    4.00 -312.58 633.42 0.82 0.24 
26.96 -0.11 +  +  5.00 -311.64 633.66 1.07 0.21 
25.06  + -0.03   4.00 -312.74 633.72 1.13 0.20 

(D) Long term and current Tmax on male Red-capped Larks 
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22.00 0.08 +    4.00 -179.26 366.95 13.12 0.00 

(E) Long term and current Tmin on female Red-capped Larks 
Intercept LTmin Lhs CTmin LTmin: Lhs Lhs: CTmin Df logLik AICc Delta weight 

23.77  + 0.04   4.00 -313.02 634.30 0.00 0.32 
22.65 0.11 +    4.00 -313.05 634.35 0.06 0.31 
23.67  + 0.05  + 5.00 -312.27 634.92 0.62 0.24 
22.30 0.14 +  +  5.00 -312.90 636.18 1.89 0.13 

(F) Long term and current Tmin on male Red-capped Larks 
Intercept LTmin Lhs CTmin LTmin: Lhs Lhs: CTmin Df logLik AICc Delta weight 

20.82  + 0.28  + 5.00 -168.01 346.68 0.00 1.00 
11.95 0.87 +  +  5.00 -173.60 357.86 11.18 0.00 
16.26 0.56 +    4.00 -177.20 362.83 16.15 0.00 
22.47  + 0.14   4.00 -178.69 365.81 19.13 0.00 

 
 
 
 



Chapter 4

80

 
 

 
 

Appendix 3: Model selection results of the effects of sex and (A and B) current (Crain) and long 
term rainfall (Lrain) on (A) breeding and (B) molting, (C and D) current (CTmax) and long term 
(LTmax) maximum average daily temperature on (C) breeding and (D) molting, and (E and F) 
current (CTmin) and long term (LTmin) minimum average daily temperature on (E) breeding and (F) 
molting on body mass of Red-capped Larks in Kedong Ranch. We restricted the model set to 
include only those models containing sex and either current or long term weather but not both. 
Model averaged estimates (± SE) are provided in table 2. 
 

(A) Long term and current rainfall on breeding Red-capped Larks 
Intercept Lrain Crain Sex Lrain:Sex Crain:Sex Df logLik AICc delta Weight 

23.61 0.01  +   4.00 -320.81 649.86 0.00 0.44 
23.86 0.01  + +  5.00 -320.04 650.44 0.59 0.33 
24.16  0.00 +   4.00 -322.11 652.45 2.59 0.12 
24.05  0.01 +  + 5.00 -321.19 652.74 2.88 0.10 

(B) Long term and current rainfall on molting Red-capped Larks 
Intercept Lrain Crain Sex Lrain:Sex Crain:Sex Df logLik AICc delta Weight 

24.23  -0.06 +  + 5.00 -166.45 343.64 0.00 0.54 
23.93  -0.04 +   4.00 -168.39 345.26 1.62 0.24 
25.27 -0.04  +   4.00 -168.79 346.05 2.42 0.16 
25.32 -0.04  + +  5.00 -168.78 348.30 4.66 0.05 

(C) Long term and current Tmax on breeding Red-capped Larks 
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