
 

 

NO EVIDENCE OF SAMPLING BIAS IN A COMPARISON OF TWO 

COMMON METHODS FOR CAPTURING FREE-RANGING BIRDS 

 

 

 

by 

 

Sara Maria Burns 

 

 

 

 

A thesis submitted to the Department of Biology 

in conformity with the requirements for 

the degree of Master of Science 

 

 

 

 

Queen’s University 

Kingston, Ontario, Canada 

(August, 2015) 

 

Copyright ©Sara Maria Burns, 2015 



 

 

 

ii 

Abstract 

A common assumption underlying many biological studies is that the data we collect from a 

subset of individuals are representative of the broad population of interest. However, in studies of 

free-ranging animals, different capture methods might skew samples towards individuals with 

specific morphological, physiological, and/or behavioral traits. For example, in studies of free-

ranging birds, bolder individuals might be more likely to enter certain traps commonly used in 

capture. Many studies require the capture of individuals for sampling, for instance for 

measurement of morphological or physiological traits, or for marking individuals. Because the 

capture methods that are employed often differ both within and between studies, there is potential 

for capture methods to introduce bias into these studies. We sought to explore this possible bias 

by comparing individual birds sampled using two very different, and commonly used capture 

techniques. We caught free-ranging black-capped chickadees (Poecile atricapillus) using Potter 

traps baited with seed and mist nets paired with an audio stimulus (chickadee mobbing calls) and 

determined sex, body condition, baseline and stress-induced glucocorticoid levels, behavioral 

response to a novel object, and behavioral response to a predator. We found no significant 

differences in any of these traits between individuals captured in these two methods. We also 

found no effect of capture method on the relationship between glucocorticoid levels and risk-

taking behavior. We found similar variation of traits within both methods and conclude that 

selection of either of these two commonly used capture methods can similarly sample the 

population of interest. 
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Chapter 1 

General Introduction 

All scientific study requires some form of data collection in order to address questions of interest. 

This data collection may take on many forms, from counting species of plants in a community, 

extracting blood from an animal to assay hormones, calculating changing water chemistry, 

observing animal behavior, or measuring various morphological traits. In many cases, when 

studying living organisms, this data collection requires capturing individuals for identification 

and/or to take particular measurements. In such studies, where capture is required, we often have 

a wide range of capture methods to select from and the methods we choose vary both within and 

between studies. Choices regarding which capture method is used are often driven by convention 

and/or convenience. But, what happens if the methods we select unequally influence the types of 

individuals we capture? We typically expect that we are randomly sampling individuals across 

the extent of the distribution of traits of interest (Fowler et al. 2013). However, if this expectation 

is not met, this violation of a basic methodological assumption might alter the outcome of many 

biological studies.  

 

Individuals may not be similar in their propensity to be captured by specific techniques (i.e., their 

trappability). This difference in trappability could introduce sampling bias by capture method and 

could be occurring on two levels. First, there might be differences between individuals that can be 

caught versus those that cannot (Biro and Dingemanse 2009; Garamszegi et al. 2009b; Carter et 

al. 2012). Second, select capture methods might differ in the types of individuals that they attract 

(e.g. Weatherhead and Greenwood 1981; Wilson et al. 2011). Multiple capture techniques are 
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often used both within and between studies and so understanding if, and to what extent, different 

capture methods target different individuals is an important consideration in experimental design.  

 

What might influence trappability and result in bias? 

Several individual characteristics might influence an animal’s trappability, and thus produce 

sampling bias, such as sex, morphology, personality, and physiology.  

 

Sex and Morphology 

Sex differences in behavior have been described in multiple taxa and in many contexts. Males and 

females often differ in foraging strategies (e.g., Clarke et al. 1998), morphology (e.g., Shine 

1986), and/or parental roles (e.g., Ruckstuhl 1998). In some species, there are sex differences in 

brain size (Sherry et al. 1993), and cognitive ability (e.g., spatial learning, Carazo et al. 2014). 

Males often defend offspring more intensely (Regelmann and Curio 1986; Breitwisch 1988), and 

often take part in more aggressive behaviors in general, such as defending a territory or mate 

(e.g., Taborsky and Taborsky 1992; Minta 1993; Murray and Bull 2004). These differences in 

behavior between the sexes might also result in differences in trappability. For example, Fogarty 

and Villella (2002) caught more male common coquí (Eleutherodactylus coqui), a Puerto Rican 

frog species, during the dry season and more females during the wet season at traps set at 

artificial retreat sites. Females of this species tend to be more active during the dry season in 

search of calling males, and so become more likely to be captured at this time (Fogarty and 

Villella 2002). 
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Morphology might also influence an animal’s trappability. Simply how large or small an 

individual is can affect how that individual interacts with a trapping mechanism. For example, 

mesh size in mist nets used to capture birds might allow selective capture of certain sized 

individuals (Heimerdinger and Leberman 1966; Pardieck and Waide 1992). Body condition, a 

trait associated with size and also behavior, might influence an animal’s trappability. Current 

body condition often reflects an animal’s foraging success (e.g. Jakob et al. 1996), and correlates 

with risk taking involving food sources in multiple taxa (e.g., Murray 2002; Heithaus et al. 2007; 

Perlman and Tsurim 2008). Individuals in poor condition might take more risks to exploit a food 

resource than those in better condition and so these individuals could be captured more often in 

food-baited traps (e.g., Gorney et al. 1999; Bisi et al. 2011). This bias warrants consideration 

because foraging behavior has been associated with reproductive success (e.g., Clark 1994; 

Nooker et al. 2005; Nicolaus et al. 2012), vigilance, and response to a predator (e.g Jones and 

Godin 2010).  

 

Personality 

An animal’s personality, or behavioral phenotype, may also influence its trappability (Biro and 

Dingemanse 2009; Garamszegi et al. 2009b; Carter et al. 2012; Biro 2013; Stuber et al. 2013; 

Biro and Sampson 2014). Traditionally, individual variation in animal behavior was thought to 

simply generate noise around a population mean, but extensive research in the field of animal 

personality has revealed that often these differences in behavior are consistent within individuals 

(reviewed in Sih et al. 2004; and Realé et al. 2007). Some evidence has suggested that personality 

might introduce bias in ecological studies because bolder individuals are more active and willing 

to investigate and interact with novel objects, such as an obvious trap (Biro and Dingemanse 
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2009; Garamszegi et al. 2009b; Carter et al. 2012). In fact, in some mammalian personality 

studies, trappability itself is used as a metric of boldness (e.g., Reale et al. 2000; Boon et al. 2008; 

Boyer et al. 2010). Types of traps might dictate the type of personality of individuals that are 

captured. For instance, Wilson et al. (2011) found that shyer bluegill fish were caught more often 

by angling and bolder fish by seine nets. These differences are important when a single method 

versus multiple methods are used to sample within and between studies.    

 

Hormones 

Hormones directly affect behavior, from increased territorial aggression driven by increased 

testosterone (e.g., Wingfield et al. 1987; Creel et al. 1993), or increased parental behaviors 

regulated by prolactin (e.g., Gubernick and Nelson 1989; Sockman et al. 2000; O’Dwyer et al. 

2006), to increased foraging to feed young driven by elevated glucocorticoids (e.g., Doody et al. 

2008; Crossin et al. 2012). Individuals vary in endocrine responsiveness and sensitivity (Williams 

2008). This variation in endocrine sensitivity and/or circulating levels of various hormones, 

because of their influence on behavior, might also affect individual trappability. 

 

One group of hormones of interest are the glucocorticoids, one of the end products of activation 

of the hypothalamus-pituitary-adrenal (HPA) axis, which influence behavior and might be related 

to an individual’s propensity to be trapped. Baseline levels of glucocorticoids (henceforth GCs) 

are related to an individual’s metabolic condition and life history state (McEwan and Wingfield 

2003; Landys et al. 2006). Depending on life history stage, elevated levels of GCs can mean very 

different things. For instance, high levels of baseline GCs are sometimes indicative of declining 

or unhealthy populations (Wikelski and Cooke 2006). Or high levels of baseline GCs might 
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indicate periods of increased energy demand such as during reproductive efforts (Bonier et al. 

2011; Crossin et al. 2012). When an organism encounters a challenge, such as a predation attempt 

or severe weather, acute increases in GCs allow an individual to respond adaptively through 

changes in physiology and/or behavior. Variation in both baseline and stress-induced GCs 

between individuals has also been linked to behavioral phenotypes, or personality (Carere et al. 

2003; Kralj-Fiser et al. 2007; Cockrem 2007, 2013; Baugh et al. 2012 and 2013). More proactive 

and/or bold individuals typically show a reduced GC response, with lower levels of stress-

induced and sometimes lower baseline GCs than more reactive or shy individuals (Cockrem 

2007, 2013; Baugh et al. 2012). This association of HPA-reactivity and personality has been 

found in many species (Kralj-Fiser et al. 2007; Carere et al. 2003; Grace and Anderson 2014). 

However, the strength and repeatability of this relationship is not consistent across all 

investigations, possibly due in part to the complexity and diversity of factors that influence both 

the HPA axis and behavior (Koolhaas et al. 2010). Variation in GC response might influence 

trappability due to a correlation with condition or energy demand, or due to a correlation with 

personality indicators such as boldness.  

 

How widespread is the issue of sampling bias? 

Existing evidence suggests that capture and collection techniques may introduce bias in a variety 

of taxa, including fish (e.g. Biro and Post 2008; Wilson et al. 2011; Biro 2013), mammals (e.g. 

Boon et al. 2008), reptiles (e.g. Carter et al. 2012), and birds (e.g. Weatherhead and Greenwood 

1981; Garamszegi et al. 2009; Stuber et al. 2013).  
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Heterogeneity of capture 

The possibility of differences between individuals that can and cannot be caught has been 

addressed in many species. In fact, “heterogeneity of capture” or “imperfect detection” is often 

considered in capture-recapture studies assessing population estimates and demographics of 

several species (reviewed in Kellner and Swihart 2014). Non-detection error is often included in 

demographic models of population size to adjust for the reality that not all individuals in a 

population have the same likelihood of being captured (Pollock 1982; Crespin et al. 2008). These 

methods however are based on samples of individuals that have been captured (Biro 2013), and 

are only applicable when making inferences in regards to population demographics, and so are 

not appropriate to address sampling bias in all scenarios. 

   

Consistent differences in individual traits might introduce hidden bias because of differences in 

susceptibility to capture (Biro and Dingmanse 2009; Biro 2013; Stuber et al., 2013). However, 

explicitly testing the hypothesis that trappability is introducing bias in ecological studies because 

we are missing types of individuals is difficult. Biro (2013) conducted an experiment to test the 

hypothesis that sampling is skewed toward more active and bold individuals by creating 

naturalized populations of fish with known trait distributions. He stocked three types of fish – 

slow, intermediate, and fast growing – in three lakes. Because growth rate in fish is also 

associated with activity level and personality indicators like boldness, fast growing fish should be 

the boldest of the three groups. Thus, Biro predicted that more fast-growing fish would be 

captured compared to the other two types. Even with a great effort to sample randomly, using 

techniques that were not size selective, sampling in multiple habitats, and at various times of the 

day, fast-growing fish were twice as likely to be captured as the other types (Biro 2013). While 
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this evidence is alarming because the inclusion of all types of individuals in a sampling effort is 

important, the fact remains that we often have to capture individuals in many biological studies in 

order to mark or physically sample individuals. In these cases, we must select a capture method. 

And so do particular methods capture particular individuals? 

 

Differences in capture methods 

There are numerous methods field biologists use to capture individuals. From food-baited traps 

like walk-in cage traps, nets, or leg-hold traps, the type of trap used often depends on the season, 

weather, topography, and the habits and life history stage of the species of interest. Multiple 

methods might be used to sample individuals both within and between studies addressing similar 

questions. The possibility that various capture methods might differ in the types of individuals 

they are most likely to sample has been investigated in a variety of taxa. Understanding this 

addition of bias based solely on capture method of choice could have important implications for 

field studies. Consider the scenario, wherein one method captures individuals expressing one side 

of the trait distribution while another method captures individuals at the other side of that 

distribution (Figure 1). Any studies employing only one of these methods would generate vastly 

different results from, and would not be comparable to, studies employing the other method. 

While reality likely is not as severe as this worst-case scenario, the frequent use of varying 

capture methods within and across field studies is cause for concern. Various studies have 

attempted to address this concern. For example, Beacham and Krebs (1980) found significant 

differences in Townsend vole (Microtus townsendii) populations estimated by live traps versus 

pitfall traps. They also discovered that each method sampled different portions of the population 

based on individual size, parasite loads, and wounding levels (Beacham and Krebs 1980). 
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Evidence in avian research has shown bias in age (e.g., Domenech and Senar 1997), sex (e.g., 

Domenech and Senar 1998), and body condition (Weatherhead and Greenwood 1981; Gorney et 

al. 1999) between trapping methods. However, many studies comparing different capture 

methods are carried out post-hoc and are often not hypothesis driven investigations. Differences 

in individual behavior, a likely cause of sampling bias as discussed above, has received less 

attention in studies comparing capture methods than other traits (but see Wilson et al. 2011). 

Lapointe et al. (2015) addressed how recapture and resampling might bias individuals of various 

endocrine profiles, but there has not been, to my knowledge, an effort to investigate whether 

different capture techniques can introduce bias with regard to individual hormone profiles.  

 

Figure 1. Sampling bias introduced by capture method. The illustration shows that one method 

captures individuals expressing one side of the trait distribution while another method captures 

individuals from the other side of that distribution. 

 

Capture in avian research 

Birds are a very popular study system for addressing numerous ecological questions (Bonnet et 

al. 2002). In avian field research, several capture methods are routinely employed, such as baited 

walk-in traps, mist nets, cannon nets, clap nets, and a variety of nest box traps (Gosler 2004). 



 

 

 

9 

Two very common methods are the Potter trap, a food-baited walk-in trap, and mist nets. Potter 

traps are a cage structure designed such that, upon entry to access food, birds trigger a trap door 

and become captured. These traps are highly effective for some species, and easy to use. 

However, many researchers believe that these traps may favor more inexperienced, vulnerable, or 

bold individuals (Gosler 2004). Mist nets on the other hand are likely the method most often used 

by ornithologists who study small birds. Mist nets are comprised of a vertically erected net, come 

in a variety of lengths and mesh gauges, and can be deployed in a variety of habitats. They are 

intended to be invisible to active birds that fly into the net and become entangled and/or fall into a 

pocket of the mesh (Gosler 2004). Extraction of birds from mist nets takes practice, patience, and 

proper training (Gosler 2004). Audio lures of conspecific song and calls are often paired with 

mist nets to increase capture and detection of individuals in a great number of avian species (e.g., 

Swainson’s warblers [Limnothlypis swainsonii], Graves 1996; soras [Porzana carolina] and 

Virginia rails [Rallus limicola], Kearns et al. 1998; Northern saw-whet owls [Aegolius acadicus], 

Whalen and Watts 1999). These audio playbacks are especially effective for capturing birds 

quickly when targeting specific individuals or when sampling during a particular time window is 

crucial, for example when measuring hormones that might fluctuate with diurnal rhythms, like 

glucocorticoids (e.g., Deviche et al. 2014). Such playback is often used in the breeding season 

when birds are territorial, but can also be used in species that remain territorial in non-breeding 

seasons or are simply prone to come in to investigate conspecific calls regardless of life history 

stage. However, using this stimulus might also introduce bias, sometimes targeting more 

territorial adult males (Herremans 1989; Lecoq and Catry 2003). For example, Lecoq and Catry 

(2003) captured a higher proportion of wintering male common chiffchaffs (Phylloscopus 

collybita) in mist nets paired with a playback lure of chiffchaff song, than nets without audio 
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playback. In contrast, a more recent investigation by Chin and colleagues (2014) found no bias 

caused by audio playback lures in a comparison of wood thrushes (Hylocichla mustelina) 

captured in mist nets with and without the use of audio playback during the non-breeding season. 

They also found no difference between groups in age, sex, or body size (Chin et al. 2014). Alarm 

calls of conspecifics or other species are also used to attract individuals to mist nets for capture. 

Specifically the alarm calls of black-capped chickadees have been used in various studies to 

attract birds, such as for censusing purposes (Desroches and Hannon 1997; Gunn et al. 2000; 

Bélisle and Desroches 2002). 

 

Because many factors might contribute to sampling bias, and capture methods often vary within 

and between studies, sampling bias might impact the outcomes of biological studies. Here, we 

sought to test the hypothesis that capture method influences which individuals are sampled in 

wild populations. We compared two very different and commonly used capture techniques to test 

this hypothesis: walk-in (Potter) traps baited with seed, and mist nets paired with audio playback 

of black-capped chickadees (Poecile atricapillus) mobbing a predator. We predicted that there 

would be differences in sex, body condition, baseline and stress induced GC levels, and/or 

behavior between individuals caught by each method. To further investigate the potential for 

sampling bias to influence outcomes of biological studies, we also compared relationships 

between behavior and hormones (GCs) in individuals caught by each capture method.  

 

Black-capped chickadees  

To address these questions we studied black-capped chickadees, a species that is common across 

much of North America. Black-capped chickadees are a good model organism to address the 
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question of sampling bias for many reasons: they travel in flocks in the fall and winter increasing 

the potential for capturing individuals that might differ in a variety of traits at one trapping site, 

they readily come in to human provided food sources such as bird feeders, and this species, as 

well as other members of their genus Poecile, have been the subject of an array of biological 

studies, including analyses in evolution, ecology, endocrinology, and behavior both in the wild 

and in captivity (e.g., Golby and Grubb 1998; Otter et al. 1998; Pravosudov et al. 2001; Mennill 

et al. 2002; Mennill and Ratcliffe 2004; Templeton et al. 2007; Gill et al. 2005).  

 

There are several aspects of chickadee behavior that might influence an individual’s trappability 

via the two capture methods. Black-capped chickadees, like many other social species, have 

particularly stable and linear dominance hierarchies (Glase 1973; Smith 1991; Ratcliffe et al. 

2007). These hierarchies are most apparent in the fall and winter when individuals travel as a 

flock over a collective territory. In this study, we do not directly measure and determine the 

placement of individuals within a flock’s hierarchy, but some of the traits we measure might 

correlate with dominance ranks, including body condition and risk-taking behavior. While body 

size measurements (e.g., wing length and tarsus length) usually do not differ between dominant 

and subordinate chickadees (Smith 1991; van Oort et al. 2007), there are indicators that body 

condition might. van Oort et al. (2007) found dominants to be in better condition than 

subordinates, while others have found that dominants have reduced fat reserves and a leaner 

physique than lower ranking birds (Pravosudov and Grubb 1997; Schubert et al. 2007). These 

differences are likely a product of preferential access to food sources by dominant birds (Ficken 

et al. 1990; Smith 1991). Because of disproportionate food availability and exclusion from 

preferred resources, subordinates also tend to take more risks to acquire food (Desrochers 1989; 
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Ficken et al. 1990), display less neophobic behavior (An et al. 2011), and respond more often to a 

predator (Zanette and Ratcliffe 1994) relative to dominants. All of these factors related to 

dominance might also affect an individual’s propensity to be trapped in each of our methods.  
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Chapter 2 

Does capture method introduce bias in studies of free-ranging birds? 

INTRODUCTION 

Almost all biological studies require the collection of data from a subset of individuals, from 

which inferences are made about a broader population. Implicit to this approach is an assumption 

that the individuals we sample are a random and representative subset of this population of 

interest (Biro 2013; Fowler et al. 2013). However, some of the sampling methods we use in data 

collection might introduce bias. For example, in studies of free-ranging animals, we might 

inadvertently skew our samples towards individuals that we can capture by a particular method 

because they exhibit certain behaviors (Garamszegi et al. 2009b; Biro 2013; Stuber et al. 2013; 

Biro and Sampson 2014). These individuals might represent a non-random sample in terms of 

numerous morphological, physiological, and/or behavioral traits. 

 

Sampling bias might be introduced by capture method by two different means. First, individuals 

that are captured might differ from those that are not captured. And second, various capture 

methods might differ in the types of individuals that they attract, ultimately influencing which 

individuals are sampled. The driving concern of this first question is that some trait might drive 

an individual’s propensity to be captured, or their trappability. Specifically individuals that are 

more active, bold, and/or willing to enter novel structures are often over represented relative to 

the broader population (Biro and Dingemanse 2009). Evidence of this bias has been presented in 

studies of numerous taxa, including fish (Wilson et al. 1993; Biro and Post 2008; Biro 2013; Biro 

and Sampson 2104), lizards (Carter et al. 2012), mammals (Tuyttens et al. 1999; Mills and Faure 
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2000; Réale et al. 2000; Boon et al. 2008), birds (Senar, 1988; Garamszegi et al. 2009b; Stuber et 

al. 2013), and invertebrates (Niemelä et al. 2015). In some studies, trappability has itself been 

used as a measure of personality, with willingness to enter a trap interpreted as indicative of 

propensity for risk taking (e.g., Reale et al. 2000; Boon et al. 2008). 

 

The second means of introducing bias – that different capture methods might target different 

individuals – is seldom considered using direct comparisons of sampling techniques, despite the 

fact that many organisms are captured via a variety of methods, both within and across studies. 

We have good evidence that probability of capture is not equal for all individuals in a population, 

and that the individuals that can be captured sometimes differ from those that cannot (see 

examples reviewed above). However, many studies require the capture of individuals, for 

instance to measure particular morphological or physiological traits. In these cases, we must 

select a method of capture to use. Methods are often selected because of convenience or 

convention, without knowledge of whether or not different capture methods might select for 

different individuals. For example, field ornithologists often use multiple capture methods, such 

as mist nets, food baited traps, and nest-box traps, to capture focal individuals (e.g., Elekonich 

and Wingfield 2000; McGlothlin et al. 2008; Bonier at el. 2011; DeVries et al. 2012), without 

knowing if the traits of interest influence whether the individual is captured with the selected 

method, thereby influencing the study outcome. Prior studies have compared various trapping 

methods for efficiency, species diversity, age, sex, and size (e.g. Boonstra and Krebs 1978; 

Weatherhead and Greenwood 1998; Anthony et al. 2005; Burger et al. 2009; Stokes 2013). 

However, in many cases direct comparisons of capture methods involve post-hoc analyses 

comparing individuals captured by a variety of methods routinely employed as part of studies 



 

 

 

15 

aimed at addressing other questions, rather than studies explicitly designed to compare 

individuals caught by different methods (e.g., Senar 1988; Bauchau and Noordwijk 1995; 

Domenech and Senar 1998). Thus, we lack evidence for sampling bias driven by variation in 

capture methods from direct, hypothesis-driven studies.    

 

The propensity to be trapped by certain capture methods might be influenced by a number of 

individual traits, such as morphology, sex, physiology, and behavior. For example, some obvious 

differences in morphology, such as body size, might bias which individuals can be captured 

because of trap design (e.g., size-selective trapping methods). Current body condition might 

influence behavioral decisions regarding mating and risk taking (Clark 1994; Nicolaus et al. 

2012) (e.g., birds in poor condition might be more willing to take risks to access food sources, see 

Gorney et al. 1999). Sex can also influence behavior across many contexts, from territoriality and 

offspring defense (Regelmann and Curio 1986) to foraging behavior (Ruckstuhl 1998) and thus 

sexes might differ in trappability due to differences in mobility associated with these behaviors. 

Hormones directly affect behavior, and the sensitivity of endocrine axes varies among individuals 

(Williams 2008). For example, the glucocorticoids are related to an individual’s metabolic 

condition, energy balance, and life history state at baseline levels (Romero 2002; McEwen and 

Wingfield 2003; Landys et al. 2006), and thus might differ among individuals caught by methods 

using food as a lure as compared to other methods. Stress-induced glucocorticoid levels 

experienced in response to an acute challenge can reflect an individual’s reactiveness and have 

been linked to consistent differences in individual behavior, such as boldness in response to 

predators or novel objects (reviewed in Cockrem 2013; and Carere et al. 2010). Thus, we might 

expect variation in stress-induced glucocorticoid levels among individuals caught by methods that 
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select for different degrees of risk-taking behavior. And, finally, personality can predict behavior, 

and might be one of the most important drivers of sampling bias (Biro and Dingemanse 2009; 

Garamszegi et al. 2009b), with different traps selecting for different personality types. 

 

Because of the variety of factors that could contribute to sampling bias, its occurrence might have 

a large impact on the outcomes of many biological studies, in some cases even resulting in 

misleading or simply incorrect conclusions. Here, we sought to explicitly test the hypothesis that 

capture method influences which individuals are sampled in wild populations and that this 

sampling bias could affect answers to biological questions. To test this hypothesis, we compared 

multiple traits of individual, free-ranging black-capped chickadees (Poecile atricapillus) captured 

using two very different and common capture techniques: walk-in traps baited with food and 

mist-nets paired with playback of an audio recording of an anti-predator response by conspecifics. 

We also compared relationships between hormone levels (glucocorticoids) and behavior in 

individuals trapped by each method.  

 

METHODS 

Study system 

We sampled black-capped chickadees at 10 different sites on properties of the Queen’s University 

Biological Station (QUBS; near Chaffey’s Lock, Ontario; 44º34’N, 76º19’W) during October - 

December of 2014. Black-capped chickadees are an ideal model organism for this study for 

several reasons. They form flocks of 2-12 individuals and occupy a relatively stable winter 

territory (Smith 1991), permitting sampling of multiple individuals at one site. Thus, we could 

subsample individuals representing a broader population (the flock) without the limitations of pair 
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territoriality exhibited by these and many other birds during breeding. Chickadees readily come to 

human-provided food sources, such as bird feeders, and so can be captured with food-baited 

traps. Finally, black-capped chickadees and their congeners (e.g., blue tits and great tits) are a 

common subject of a diverse array of evolutionary, ecological, and behavioral studies.  

 

Capture and sampling 

We captured birds between 0730-1230, starting no earlier than 1 hour after sunrise. We used both 

capture methods at each site: walk-in (Potter) traps baited with black oil sunflower seeds and mist 

nets paired with playback of an audio recording of chickadees mobbing an eastern screech-owl 

(Megascops asio). We put baited Potter traps out at sites with their doors secured open several 

days before sampling (mean = 14, range = 8-24), to allow birds to locate the seed and become 

accustomed to entering the traps to forage. We sampled at each site on only one day, alternating 

the order of which capture method we used first between sites, and waiting a minimum of 30 

minutes after capture of the last individual by the first method before beginning use of the second 

technique at the same site. When mist netting, we immediately turned off playback once an 

individual became entangled in the net. Playback was resumed only when one person could watch 

the net again to stop playback and extract the next captured bird. Audio playback never extended 

beyond 10 minutes of uninterrupted play (mean = 198 sec, range = 10-600 sec). Because 

chickadee flocks are typically comprised of 6-8 individuals, but range from 2-12 or more birds 

(Glase 1973; Smith 1991), we limited our sampling to the first three birds captured by each 

method, to ensure both methods could be used on each flock. Sites were a minimum of 285 

meters apart to minimize any flock territory overlap (mean distance = 8754 m, range = 285-

21,065).  



 

 

 

18 

Upon capture, we collected an initial blood sample into a heparinized microcapillary tube via 

puncture of the brachial vein (approximately 70 μL) with a 26-gauge needle within 3 minutes of 

the bird entering either capture device (i.e., the time when the door closed on the Potter trap or the 

bird became entangled in the mist net). We recorded time of sample collection. Three minutes is 

generally regarded as an adequate time for measurement of baseline corticosterone (the primary 

glucocorticoid in birds, henceforth referred to as cort) (Romero and Reed 2005), however we 

found a significant linear increase in cort with sampling time within 3 minutes (LM: β = 0.007 ± 

0.002, p < 0.001). Because of this effect of sampling time, and differences in sampling time 

between methods (mean Potter = 137.50 sec, mean mist net = 162.08 sec, Student’s t-test: t = 

2.06, df = 42.43, p = 0.045), we used the residuals of the linear regression of log-transformed cort 

on sampling time including samples collected past the 3 minute time period (mean sample time = 

149.50 sec, range = 55-275 sec) in all subsequent analyses. The amount of time (sec) it took to 

catch each individual, from the time of initiating the attempt to the time the bird became 

entangled in the mist net or enclosed in the trap, was unrelated to cort (LM: β = -8.29x10-5 ± 

7.77x10-5, p = 0.292), suggesting no effect of audio playback duration or disturbance due to our 

presence at the trapping site. 

 

We collected morphological measurements from each bird, including flattened wing chord length 

using a wing ruler (± 0.5 mm), tarsus length with calipers (±0.1 mm), and body mass with a 

Pesola spring scale (± 0.5 g). We estimated a fat score for each individual by observing the 

amount of visible fat deposits in the furculum (inter-clavicular depression) using a scale from 0 

(no visible fat) to 5 (excessive fat deposits) (Krementz and Pendleton 1990). We estimated body 

condition using the residuals of a linear regression of body mass on wing length (F1,52 = 49.11, R2 
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= 0.49, p < 0.001). We fit each bird with a uniquely numbered Canadian Wildlife Service 

aluminum band, a Darvic color band (Avinet, Dryden, NY), and a colored passive integrative 

transponder (PIT) Darvic leg band (IB Technology, Buckinghamshire, UK). After we had 

obtained all measurements and banded birds, we placed them in opaque, breathable cloth bags 

until 30 minutes after capture. We then collected a second blood sample for measurement of 

capture stress-induced cort levels using the same collection method as described above. We failed 

to collect both initial and stress-induced cort samples from a few birds, thus sample sizes differ 

(and are provided) for each analysis (Table 1). We stored all blood samples on ice for transport to 

the laboratory at Queen’s University. 

 

Behavioral assays  

We completed all behavioral trials during December 2014, between 0800-1200, a minimum of 22 

days after capture (mean = 35 days, range = 22-49 days). We used radio frequency identification 

(RFID) readers mounted to bird feeders (Bird Feeder Reader Meter, IB Technology, 

Buckinghamshire, UK) at feeding stations that had been previously established at the time of 

capture at each site. Birds at each site were allowed to habituate to the RFID feeder readers for a 

minimum of 2 full days (mean = 6, range = 2-8). We used RFID readers to measure activity at the 

feeder for each segment of the behavioral trials. We set these readers to record individual PIT tag 

numbers, time, and date twice per second. We carried out trials over 4 consecutive days, with 

different segments of data collection occurring each day: a pre-trial control period, response to a 

predator model, response to a novel object, and a post-trial control period, with the type of 

stimulus (model predator or novel object) presented on the second and third days alternating order 

between sites.   
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To assay risk-taking in response to a predation threat, we exposed each flock of chickadees to a 

small owl model paired with audio stimulus of an eastern screech-owl’s call. Eastern screech-

owls are a predator of adult black-capped chickadees, and their presence elicits an anti-predator 

behavioral response by chickadees (Nolen and Lucas 2009; Soard and Ritchison 2009; Courter 

and Ritchison 2012). We used five different screech-owl recordings, all obtained from the Cornell 

University, Macaulay Library. We played each audio recording from a FoxPro Scorpion X1B 

speaker (FOXPRO Inc., Lewistown, PA) programmed to play back the audio stimulus 

interspersed with random segments of silence. Each site received the same program of audio 

stimulus and silence, but we varied which recording (1-5) was used. We checked volumes of each 

call with a sound meter to ensure all were played at a similar volume, between 80-90 decibels at a 

distance of 1 meter. At each site we placed the model predator and programmed speaker in a tree 

adjacent to the RFID feeder reader so that the owl and speaker were 1-1.5 meters away from the 

feeder. We then left the area for 2 hours, and used the RFID log to determine number of visits to 

the feeder in the presence of the predator stimulus. To assay willingness to forage in the presence 

of a novel object, we placed a red plastic drinking cup directly on top of the RFID feeders, and 

left it in place for 2 hours, again determining visits to the feeder from the RFID log. On all four 

consecutive days, we measured activity at the feeder during the same time segments in which the 

predator and novel object trials were conducted.  

 

We estimated risk-taking behavior and response to a predator and a novel object by tallying the 

total number of visits to the feeder, the total duration of time spent at the feeder (in seconds), and 

the mean duration of each visit for each individual during each trial phase. We then compared 
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foraging behavior among trials, to measure response to the stimulus, by calculating the change in 

feeding behavior between trials.  

 

Hormone assay  

We centrifuged blood samples for 5 minutes at 6000 rpm within 6 hours of collection. We then 

stored plasma and red blood cells separately at -20°C until further processing. We measured total 

plasma corticosterone using an enzyme immunoassay (EIA) with a detection limit of 

approximately 30 pg/mL (Cayman Chemical Co., Ann Arbor, MI, Lot No. 0457099). Prior to 

assaying experimental samples we validated the hormone assay for use in this species by assaying 

a simple serial dilution of pooled plasma collected from multiple black-capped chickadees, 

sampled during the same life history stage, as well as a serial dilution of pooled plasma that was 

spiked with corticosterone (Cayman Chemical Co.) to increase initial concentration by 10 ng/ml. 

We then verified that both curves ran parallel to the assay standard curve (F = 1.95, p = 0.17). We 

assayed 7.5 uL of each plasma sample from focal birds in duplicate after dilution (1:16, using 

steroid buffer, Cayman Chemical Co.) on 3 plates following supplier instructions. We ran eight 

known-concentration standards, also in duplicate, on each plate to determine assay variation. The 

coefficient of variation based on these replicates was 5.3% between plates and averaged 3.0% 

within plates. 

 

Molecular Sexing  

To differentiate male and female black-capped chickadees, which are not highly dimorphic in 

morphology or plumage, particularly outside of breeding, we extracted DNA from red blood cells 

using Qiagen DNeasy Blood and Tissue Kits following the supplier’s protocol for nucleated 
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blood cells (Qiagen Inc., Toronto, Ontario, Canada). We used molecular sexing techniques as 

described by Griffiths et al. (1998) employing polymerase chain reaction (PCR) for amplification 

of two highly conserved genes (the chromo-helicase DNA binding gene, or CHD) located on the 

W and Z sex chromosomes in birds, with a deletion in the target fragment on the Z chromosome 

in many non-ratite bird species. We then separated PCR products by electrophoresis on a 3% 

agarose gel, run for 45-60 minutes at 110 volts, and stained with Hydra Green Advanced DNA 

stain (DGel Sciences, Fisher Scientific, Edmonton, Alberta, Canada). Individuals that produced 

two bands (WZ) were identified as females and single bands (WW) as males. As a quality control 

measure we included samples from birds of known sex in all PCRs and gel visualizations. 

 

Statistical analysis 

We used the program R (version 3.0.2, R Core team 2012) with the lme4 (Bates et al. 2014) and 

MuMIn (Bartoń 2013) packages for all statistical analyses and JMP (version 12.0.1, SAS, 2015) 

to determine appropriate transformations for behavior variables that were not normally distributed 

(See Supplemental Table S1 for all transformations). 

 

To determine if traits of individuals captured by the two methods differ, we used linear mixed-

effect models (LMMs), except to test if there was a sex bias between the two capture methods, in 

which case we used a Chi-square test. Our focal metrics (all morphological measurements, initial 

cort, stressed-induced cort, and all behavior measures) were included as response variables in 

separate LMMs. Full models included method of capture, sex, and their interaction as fixed 

effects. We did not include sex-method interactions in models to predict behavior. In models 

addressing differences in initial cort we used the residual cort controlling for sampling time as 
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described above. We explored appropriate random effects including Julian date, capture site, and 

order of capture methods. We chose the most appropriate random effect(s) by comparing Akaike 

information criterion (AIC) of models with the same fixed effects but varying random effects 

(Zuur et al. 2009). To identify best-fit models we used Akaike information criterion corrected for 

small sample size (AICc) and we used model averaging to estimate effects in cases where 

multiple models fell within 2 AICc of the top model (Garamszegi et al. 2009a; Grueber et al. 

2011). A significant fixed effect of capture method would indicate that individuals caught by the 

two methods differ in one or more of our focal metrics. A significant cort level by capture method 

interaction effect would indicate that hormone-behavior relationships differ between individuals 

caught by the two methods. We adjusted p-values associated with capture method to correct for 

false discovery rates due to multiple comparisons using Benjamini–Hochberg methods 

(Benjamini and Hochberg 1995; Benjamini et al. 2006). Adjusted p-values were calculated using 

values associated with the best models that retained the variable of interest (capture method) and 

any interactions with capture method, following the protocol outlined by Pike (2011) (see also 

Verhoeven et al. 2005). We report both original (p) and adjusted (padj) p-values below. 

 

RESULTS  

Morphology 

We captured a total of 55 birds at 10 different sites: 28 in mist nets and 26 in Potter traps (for 

descriptive statistics see Supplemental Table S2). Individuals caught by Potter traps and mist nets 

did not differ significantly in any morphological traits; all models which included method of 

capture were >2 AICc units from the top model, except in the case of tarsus length (Supplemental 

material Table S3). The top model assessing predictors of tarsus length, which included capture 
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method, had an AICc score 0.32 units greater than the best-fit model, but the effect of capture 

method was not significant (Figure 2; LMM: β = 0.21 ± 0.14, p = 0.153, padj = 0.966). Sex was a 

significant predictor of all morphological traits (Table 1). We caught similar numbers of males 

and females by both capture methods (Potter traps: male, N = 14, female, N = 12, mist nets: male, 

N = 12, female, N = 16; X2 = 0.29, p = 0.593).  

 

Hormones 

Initial and stress induced cort levels did not differ between individuals captured by both methods 

(Figure 3; all models including capture method >2 AICc units from top model). The best-fit 

model for both initial cort (Potter traps: N = 26, mist net: N = 25) and stress-induced cort (Potter 

traps: N = 25, mist net: N = 27) was the null model and the next model within 2 AICc for initial 

cort retained only sex (Supplemental Table S3).  

 

Behavior 

Birds captured in Potter traps (N = 21) did not respond differently to a model of a predator from 

birds captured in mist nets (N = 18) however, it appeared that the mean duration of feeder visits 

tended to decrease in birds captured in mist nets, and tended to not change in birds captured in 

Potter traps (Figure 4). But after adjusting p-values to control for false discovery, this difference 

in behavior did not persist (change in mean duration of feeder visits in response to the predator 

model; Table 2, LMM, β = 0.39 ± 0.18, p = 0.038, padj = 0.487). This was the only indication of a 

difference in behavior between the groups. Birds caught by the two methods did not differ in the 

two other measures of response to the predator model – change in number of visits to the feeder 

and total amount of time spent at the feeder (Supplemental Table S4 and S5; null model was the 
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top model). There was also no difference in how birds captured in mist nets and those captured in 

potter traps reacted to the novel object. In some cases another model was within 2 AICc of the 

null, but model averaging did not reveal any significant effect of capture method (all p > 0.240). 

 

Hormone-behavior relationships: Response to a predator model 

The relationship between initial or stress induced cort and an individual’s response to a predator 

did not differ between individuals caught by Potter traps (initial cort: N = 21, stress-induced cort: 

N = 20) and mist nets (initial cort: N = 16, stress-induced cort: N = 17). No top models included 

the interaction between capture method and either cort measure, nor was either cort measure a 

predictor of behavior in response to a model predator (all models >2 AICc units from top model; 

Table 2, Supplemental Table S4 and S5).  

 

Hormone-behavior relationships: Response to a novel object 

There was some indication of a difference in the relationship between initial cort and one measure 

of behavioral response to a novel object, the change in mean duration of feeder visits, between 

individuals caught by the two methods. It appeared that birds caught in mist nets displayed a 

hormone-behavior response; birds with higher cort increased the mean duration of feeder visits 

while the novel object was present. In contrast, there appeared to be no relationship between 

initial cort and response to the novel object in Potter trapped birds, but this difference did not 

persist after controlling for false discovery (Figure 5, LMM: interaction of initial cort by capture 

method β = -1.53 ± 0.79, p = 0.062, padj = 0.168). Change in duration of feeder visits was also the 

only metric for which initial cort was included in a top model to predict behavior. There was a 

trend for a positive cort-behavior relationship, individuals with higher initial cort tended to 
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increase the duration of feeder visits while the novel object was present (Figure 5, LMM: initial 

cort, β = 1.13 ± 0.63, p = 0.077). However, the null model was within 2 AICc of other top models 

suggesting this was not a particularly robust relationship (Table 2). The null model was the top 

model to explain behavior for all other behavioral responses to a novel object when considering 

initial cort (Table 2 and Supplemental Table S4). 

 

The relationship between stress-induced cort measures and behavioral response to a novel object 

did not differ between birds caught by different methods. Capture method, stress-induced cort, 

and their interaction were not included in any top models to explain behaviors in response to the 

novel object (all models >2 AICc units from top model; Supplemental Table S5).  
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Figure 2. Birds captured in mist nets (open bars, N = 28, except body mass N = 27) and Potter 

traps (shaded bars, N = 27) did not differ in various morphological measurements. Dark lines 

represent the median for each group, whiskers are 1.5 times the interquartile range, and open 

circles outliers. All LMMs included site as a random effect. Models predicting body mass also 

included Julian date as a random effect. Capture method was only retained in one top model, 

tarsus length, but it was not significant (LMM, β = 0.21 ± 0.14, p = 0.153, padj = 0.966); sex was 

the only significant predictor of all morphological measurements (Table 1). 
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Table 1. Results of LMMs predicting traits of captured birds. None of these traits differ between birds caught by mist nets or Potter traps.1 

Response Variable N2 Top model(s) Weight Fixed effects Estimate ± SE P Padj3 

Mass4 26, 27 Sex  Sex 1.13 ± 0.14 <0.001  

Tarsus 
26, 28 

Sex (AICc 92.5) 0.54 Sex 0.511 ± 0.14 <0.001 
 

  Sex+ Capture method (AICc 92.9) 0.46 Capture method 0.21 ± 0.14 0.153 0.966 

Wing 26, 28 Sex  Sex 3.11 ± 0.41 <0.001  

Fat score 26, 28 Sex  Sex -0.33 ± 0.15 0.036  

Body condition4 26, 27 Sex  Sex 0.37 ± 0.13 0.005  

Initial cort (corrected for 

sampling time)5 
26, 25 Null  

   

 

Stress induced cort4 25, 27 Null      

1In cases where multiple models were within 2 AICc of the best-fit model, model averaging was used (indicated in italics).  

2 Number of individuals per method: Potter trap, mist net.  

3 Adjusted p-values, only for captured method our variable of interest, were determined using protocol described by Pike (2011) to account for 

false discovery rates when doing multiple comparisons.  

4 Models including Julian date of capture and site as random effects, all other models included only site as a random effect. 

5 Initial corticosterone (cort) values are residuals of the linear regression of log-transformed cort on sample time (LM: β ± SE = 0.006 ± 0.001, p < 

0.001). 
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Figure 3. Birds captured in mist nets (open bars, initial sample N = 25, stress-induced N = 27) 

and Potter traps (shaded bars, initial sample N = 26, stress-induced N = 25) had similar initial and 

stress-induced corticosterone (cort) levels. Dark lines represent the median for each group, 

whiskers are 1.5 times the interquartile range, and open circles outliers. We analyzed the residuals 

of a linear regression of log initial cort on time of sample collection in statistical analyses due to a 

significant relationship between sampling time and initial cort levels (See Supplemental material 

Figure S1), but present uncorrected cort values here, for ease of interpretation. All LMMs 

included site as a random effect, and in analyses of stress-induced cort, Julian day was also 

included as a random effect. The null model was the top model for both initial cort and stress-

induced cort (all models including capture method >2 AICc higher than the null). 
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Figure 4. Birds captured in mist nets (open bars, N = 18) did not differ from birds captured in 

Potter traps (shaded bars, N = 21) in how they responded to both a model of a predator and a 

novel object present at feeders. Dark lines represent the median for each group, whiskers are 1.5 

times the interquartile range, and open circles outliers. Method of capture was included in a top 

model to explain the change in the mean duration of feeder visits while the model predator was 

present (c) but this relationship was not significant after corrections for false discovery (LMM, β 

= 0.39 ± 0.18, p = 0.038, padj = 0.487). All LMMs included site as a random effect. The null 

model was the top model in all other behavior measurements (See Supplemental Table S4 and 

S5). 
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Figure 5. The relationship between initial corticosterone (cort) and response to the novel object 

did not differ between birds caught by Potter traps (shaded triangles, N = 21) and mist nets (open 

circles, N = 16) (LMM: interaction of initial cort by capture method β = -1.53 ± 0.79, p = 0.062, 

padj = 0.168).  Untransformed behavior data is shown here for ease of interpretation, Johnson Si 

transformed change in mean duration values were used in statistical analysis (See Supplemental 

Table S1). Initial cort values are residuals of the linear regression of log-transformed cort on 

sample time (LM: β ± SE = 0.006 ± 0.001, p < 0.001). Higher initial cort tended to predict 

increased duration of feeder visits (LMM: β = 1.13 ± 0.32, p = 0.077). The null model was within 

2 AICc of models including the interaction of initial cort by capture method, and the model 

including only initial cort, hence model averaging was used (Table 2).
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Table 2. Results of LMMs to address the questions of whether behavior, and the relationships between hormones and behavior, differ among birds 

caught by different methods. Both capture method and initial corticosterone (cort) were only retained in top models for one behavioral measure, 

stress-induced cort was never retained in a top model.1, 2 

 Response variable N3 Top model(s) Weight Fixed effect(s) Estimate ±  SE P Padj
4 

Response to Predator        

 Number of Visits   Null       

 Total time spent at feeder   Null       

 Mean duration of feeder visits  21, 18 Capture method (AICc 83.1) 0.70 Capture method 0.39 ± 0.18 0.038 0.487 

   Null (AICc 84.7) 0.30     

Response to Novel Object        

 Number of Visits  Null       

 Total time spent at feeder  Null       

 Mean duration of feeder visits  21, 16 Initial cort (AICc 109.4) 0.45 Initial cort 1.13 ± 0.63 0.077  

   Null (AICc 109.9) 0.36 Capture method 0.07 ± 0.29 0.830 0.966 

   Capture method + Initial cort+ Capture 
method x Initial cort (AICc 111.2) 

0.19 Capture method: 

Initial cort 
-1.53  ± 0.79 0.062 0.168 

1 In cases where multiple models were within 2 AICc from each other we used model averaging (in italics). Site is included as a random effect in 
all models.  
2When included in top models, initial cort values are residuals of the linear regression of log-transformed cort on sample time (LM: β ± SE = 0.006 
± 0.001, p <0.001). 
3 Number of individuals per method: Potter trap, mist net 
4Adjusted p-values, only for our variable of interest, capture method, were calculated using protocol described by Pike (2011) to account for false 
discovery rates when doing multiple comparisons.  
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DISCUSSION 

Using different capture methods within and between field studies in biology has the potential to 

introduce sampling bias that may affect study outcomes. Here we compared multiple traits of 

individuals caught in two very different and commonly used capture techniques: mist nets paired 

with audio stimulus and Potter traps baited with seed. We did not find differences in the 

morphology, behavior, or hormone levels of black-capped chickadees captured in the two 

methods. Further, birds caught by different methods had similar hormone-behavior relationships. 

 

Although we did not see any differences between birds captured in these two methods we do not 

know if our sample of captured birds represents the broader population. Measuring differences 

between individuals that can be captured versus those that cannot has been the focus of several 

studies, and may present a central problem in ecological studies that require capture (Biro and 

Dingemanse 2009; Garamszegi et al. 2009b; Biro 2013; Stuber et al. 2013; Biro and Sampson 

2014). Here, we did not address the question of whether individuals that are captured differ from 

those that are not. However, we did see variation in all of our focal metrics, and this variation was 

similar between individuals caught by the two methods (Supplemental Table S2).  

 

On average, we did not detect changes in foraging behavior in response to the model predator and 

novel object. Individuals might change, or not change, their foraging behavior in response to a 

threat for several reasons, and there are many hypotheses to explain this variation (reviewed in 

Sih et al. 2015; Heithaus et al. 2008; Wolf et al. 2007). The lack of response that we observed 

might indicate that our predator model and novel object were not perceived as significant threats, 

and thus were insufficient challenges for measurement of risk taking behavior. Chickadees often 

mob predators by landing close and alarm calling (Shedd 1983; Smith 1991), but our RFID 

approach to measuring behavior could not detect these responses. Pairing direct observations with 
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these automated techniques might allow for more detailed interpretations of individual responses. 

Interestingly, we did see individual variation in response to these challenges, including responses 

on both ends of the spectrum, in individuals captured by both methods (Figures 3 and 4). 

 

Overall, we did not find strong relationships between cort levels and behavior. An interest in the 

link between endocrine phenotypes and consistent behavioral differences between and among 

individuals has been prominent in the literature over the past decade, but findings from different 

studies are not always consistent with each other. For instance, studies in laboratory settings have 

shown animals from lines selected for personality on the slow-shy, fast-bold continuum differ in 

their reactivity of HPA axis response (Martins et al. 2007; Baugh et al. 2012; Baugh et al. 2013). 

But this relationship can vary in natural, free-living populations (Garamszegi et al. 2012; Grace 

and Anderson 2014). These inconsistent patterns might simply be due to the influence of many 

extrinsic factors to which the HPA axis is sensitive (Koolhaas 2010; Ferrari et al. 2013). 

However, in a study addressing this behavior-hormone relationship, using either of these two 

methods of capture would provide the same conclusions. 

 

We did not see any differences in size, sex, and cort profiles among birds captured in mist nets 

and Potter traps. However, we may not have measured all traits that might influence an 

individual’s trappability in this context. One important aspect of flocking species, like the black-

capped chickadee, is the dominance hierarchy. Individual differences among ranks might 

influence behaviors like risk-taking (Schneider 1984; Hegner 1985; Zanette and Ratcliffe 1994; 

An et al. 2011), personality (Fox et al. 2009; David et al. 2010), and even cort profiles 

(Pravosudov et al. 2003). However, if there had been systematic differences in dominance status 

between birds captured in either technique, we should have seen differences in our comparisons 

of morphological and behavioral traits because dominance is often correlated with such traits 
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(Ficken et al. 1990; Smith 1991; Pravosudov and Grubb 1997; van Oort et al. 2007; Zanette and 

Ratcliffe 1994).  

 

Experimental design is arguably the most important component of any research effort. Choosing 

the most efficient, effective, and safe capture method(s) should be a priority. The type of capture 

techniques we use in studies of wild birds often depends on topography, weather, season, habits 

and life history of focal species, and the focal research question. We have shown here that the 

selection of either one of these two commonly used capture methods would not introduce 

sampling bias. We hope this adds ease, flexibility, and improved animal welfare in future field 

research endeavors. 
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Chapter 3 

General discussion 

Sampling bias caused by trappability has the potential to be introduced in two ways; via 

differences between individuals that are captured and those that are not, and via differences 

between individuals caught by different methods. In many biological studies, it is necessary to 

capture individuals to collect data central to focal questions. Here, we compared two very 

different, and very common, capture techniques used in field studies of birds: Potter traps baited 

with seed, and mist nets paired with audio stimulus of black-capped chickadee mobbing calls. 

Overall, we did not see any significant differences in the morphology, physiology, and behavior 

between birds captured in the two methods. We found a considerable amount of variation in 

behavior in response to a model predator and a novel object among individuals caught by both 

methods (Figures 3 and 4, Supplemental material Table S2). This could be an indication that we 

did indeed capture some of the shyest and/or boldest birds within the population. However, we 

cannot assume this means we have a representative sample across the entire population; simply, 

we conclude that there is no difference between these two methods.   

 

Collecting samples from captured individuals is central in addressing many biological questions, 

therefore it is important to realize and properly address where we might introduce bias- such as 

when using different capture techniques. While this issue has been addressed in some past 

studies, hypothesis driven studies addressing a multitude of traits that might influence 

trappability, such as physiology and behavior are lacking in the literature. In comparison to the 

few studies that have explored similar questions, we found some similarities but many 

differences. For instance, unlike Weatherhead and Greenwood (1981), we found no difference in 

the condition (size corrected mass) of birds captured in baited traps compared to those in mist 
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nets. This could be an indication that all birds were at some point taking advantage of the seed 

provided by the trap prior to capture days. This might also indicate that not just the poorest 

condition birds take advantage of an easy food source, which is perhaps not surprising in this 

species. We also did not find behavioral differences between individuals captured in either 

method. Again, this finding differs from conclusions of other studies comparing capture methods, 

such as Wilson and colleagues (2011), who found individua l differences in behavior of bluegill 

sunfish captured using angling or seine nets. If bolder birds were captured in the Potter traps, we 

should have seen differences in how those individuals responded to the novel object and/or model 

predator. Although, overall, we did not see clear changes in behavior in response to either 

stimulus, we did see similar variation in both groups.   

 

While this study investigated the use of two specific capture methods used on one target species, 

the conclusions here could be informative to a variety of field studies both of this and other 

species. These findings might be most applicable to other Parid species, which are very similar in 

morphology and physiology, as well as many aspects of their ecology and life history. They are a 

widespread family, and are among the most highly researched groups in behavioral ecology. 

Lines of great tits (Parus major) selected for particular behaviors are used to explore a multitude 

of questions that are more and more being formally addressed in natural populations (Fidler 2011; 

Quinn et al. 2011; Carere et al. 2010; Baugh et al. 2012).  

 

Future Studies 

We intend this study to be of general use to field biologists. Our aim was to investigate potential 

sources of bias across a broad spectrum of traits, but there are some species- or possibly family-

specific characteristics that should be considered. In particular, dominance hierarchies and the life 

history of black-capped chickadees might limit the degree to which our findings can be 
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generalized. However, the presence of dominance hierarchies in this group would be predicted to 

increase the likelihood that the two methods would catch different individuals, with subordinate 

risk-takers in mist nets and dominant resource-excluders in Potter traps. If this study was 

replicated, age and dominance rank might be beneficial to measure directly. Birds with 

experience, particularly older dominant seniors, might be more prone to capture in one particular 

trap, and their response to both the novel object and the model predator might differ in ways we 

could not detect here. As previously discussed, pairing RFID measurements of behavior with 

direct observations might allow for better interpretation of the response to both stimuli.  

 

A surprising discovery, although not central to our study, was the significant linear increase in 

cort levels with sample time within three minutes. It has been generally accepted that 3 minutes is 

sufficiently fast to measure a baseline level of glucocorticoids, rather than a level influenced by 

the stress of capture, and this has been validated in numerous bird species (Romero and Reed 

2005). However, we saw an elevation of cort within 3 minutes in the birds we sampled. These 

differences might be due to a variety of reasons, such as the small size of black-capped 

chickadees, their high metabolic rate, and/or seasonal effects. We intend to collaborate with other 

endocrinologists to combine and analyze cort samples collected from multiple species over an 

extended range of sampling times to determine if this rapid elevation of cort might be found in 

other species. This analysis will provide an important contribution to the field of avian 

endocrinology, and might prove particularly helpful for selection of study species for questions 

requiring measurement of baseline cort levels.  

 

We hope that this study will encourage future field studies involving similar comparisons of other 

commonly used capture methods, to ensure bias is not introduced due to choice of capture 

technique. We also anticipate that this will ease some of the concerns that Potter traps only 

capture the poorest condition or less neophobic individuals (Gosler 2004). Having flexibility to 
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employ a range of capture techniques should allow researchers to use the method best suited to 

their study. 
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Appendix A 

Initial corticosterone-sample time relationship 

 

Figure S1. Initial corticosterone (cort) levels positively increase in a linear fashion in black-

capped chickadees within 3 minutes of capture time. Linear regression of log-transformed cort on 

sample time was significant within the first 3 minutes of capture (LM: β = 0.007 ± 0.002, p < 

0.001). This relationship extended to include all initial samples (up to 275 sec) was similar in 

birds captured by mist nets (red circles, N = 25, LM: β = 0.006 ± 0.002, p = 0.014) and Potter 

traps (blue triangles, N = 26, LM: β = 0.007 ± 0.001, p < 0.001). 
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Appendix B 

Behavior data transformations 

Table S 1. Transformations of behavioral response variables. 

  Variable (x) 

Type of 

Transformation Equation 

Response to predator   

 Number of feeder visits 

Generalized 

logarithm 

𝐿𝑜𝑔 (
𝑥 + √𝑥2 + 7.612

2
) − 0.45

1.56
 

 
Total time spent visiting feeder 

Generalized 

logarithm 

𝐿𝑜𝑔 (
𝑥 + √𝑥2 + 2.642

2
) + 1.07

2.52
 

 Average duration of feeder visits Normal N/A 

Response to novel object   

 
Number of feeder visits 

Generalized 

logarithm 

𝐿𝑜𝑔 (
𝑥 + √𝑥2 + 10.572

2
) − 1.29

1.30
 

 Total time spent visiting feeder Johnson Su 
𝐴𝑟𝑐𝑆𝑖𝑛𝐻 (

𝑥 − 2.23

6.93
) × 0.52 + 0.10 

 Average duration of feeder visits Johnson Si 𝐿𝑜𝑔( 𝑥 + 2.99) × 4.70 − 5.27 
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Appendix C 

Descriptive Statistics 

Table S2. Descriptive statistics of raw data measurements for birds captured in mist net and Potter traps.  

 Mean Minimum Maximum Variance 
  Mist net Potter trap Mist net Potter trap Mist net Potter trap Mist net Potter trap 

Mass 11.0 11.21 9.00 10.00 12.50 13.00 0.60 0.66 

Wing 65.95 66.35 61.00 63.50 69.50 71.00 5.23 4.48 

Tarsus 19.15 19.42 18.20 18.50 20.10 20.80 0.35 0.35 

Fat score 1.11 1.00 0.00 0.00 2.00 2.50 0.23 0.50 

Size corrected mass 0.00 0.00 -2.04 -0.91 1.46 1.29 0.361 0.27 

Initial cort 7.25 6.56 3.11 2.06 15.13 13.60 10.15 9.50 

Initial cort- residuals 0.00 0.00 -0.68 -0.84 0.77 0.56 0.14 0.12 

Stress-induced cort 30.53 30.91 11.61 11.12 79.95 69.73 225.79 206.53 

         

Response to a model predator         

Number of visits to feeder -11.61 -24.67 -68.00 -137.00 25.00 82.00 642.72 2422.43 

Total time spent at feeder -25.39 -21.00 -139.00 -202.00 58.00 273.00 2526.28 7743.75 

Mean duration of feeder visits  -0.28 0.05 -2.00 -0.93 0.50 1.92 0.42 0.51 

         

Response to a novel object         

Number of visits to feeder -5.61 -15.10 -76.00 -113.00 38.00 37.00 738.96 1143.89 

Total time spent at feeder -1.28 -2.71 -153.00 -119.00 250.50 61.50 6056.09 1600.91 

Mean duration of feeder visits  0.11 0.20 -1.25 -0.58 1.90 1.37 0.72 0.28 
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Appendix D 

Model Selection 

Table S3. Model selection to compare various individual traits of birds captured in Potter traps and mist nets. 

Response Variable N1 Fixed effects AICc Δ AICc Weight 

Mass2 26, 27 Sex  93.8  0.74 
  Capture method + Sex  96.4 2.55 0.21 
  Capture method + Sex + Capture method x Sex 99.0 5.20 0.06 

  Null  132.4 38.55 0 
  Capture method 134.3 40.42 0 

Tarsus 26, 28 Sex  92.5  0.47 

  Capture method + Sex  92.9 0.32 0.40 
  Capture method + Sex + Capture method : Sex 95.2 2.62 0.13 
  Capture method 101.5 9.00 0.005 
  Null  101.9 9.32 0.004 

Wing 26, 28 Sex  207.4  0.69 
  Capture method + Sex  209.8 2.41 0.21 
  Capture method + Sex + Capture method x Sex 211.3 3.86 0.10 
  Null  243.6 36.18 0 

  Capture method 245.5 38.06 0 

Fat score 26, 28 Sex  100.8  0.51 
  Null  102.8 2.07 0.18 

  Capture method + Sex  103.0 2.21 0.17 
  Capture method + Sex + Capture method x Sex 104.6 3.88 0.07 
  Capture method  104.7 3.96 0.06 

Size corrected mass2 26, 27 Sex  85.3  0.67 

  Capture method + Sex  87.9 2.53 0.19 
  Capture method + Sex + Capture method x Sex 89.6 4.31 0.08 
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  Null  90.6 5.30 0.05 

  Capture method 93.0 7.71 0.01 
      
Initial cort3 26, 25 Null  43  0.47 
  Sex 44.2 1.15 0.27 

  Capture method 45.3 2.29 0.15 
  Capture method + Sex 46.5 3.44 0.09 
  Capture method + Sex + Capture method x Sex 48.8 5.84 0.03 

Stress induced cort2 25, 27 Null  57.9  0.57 

  Capture method 60.3 2.42 0.17 
  Sex 60.4 2.45 0.16 
  Capture method + Sex 62.9 4.97 0.05 
  Capture method + Sex + Capture method x Sex 63.4 5.45 0.04 

      

     
 1 Number of individuals per method: Potter trap, mist net 

2 Models including Julian date of capture and site as random intercepts, all other models included only site as a random effect. 
3 Initial cort values are residuals from the residuals of the linear regression of log-transformed cort on sample time (GLM: β = 0.006 ± 0.001, 
p<0.001). 
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Table S4. Model selection of linear mixed models to assess differences in behavior, and hormone-behavior relationships, here initial 

corticosterone1 (cort), based on changes in activity at a feeder in birds captured in Potter traps (N = 21) and mist nets (N = 16).2 

Response Variable Fixed effects AICc Δ AICc Weight 

Response to Predator     

 Number of Visits Null  93.6  0.47 

  Capture method 96.1 2.50 0.13 

  Initial cort 96.1 2.51 0.13 

  Sex 96.1 2.52 0.13 

  Initial cort-time + Capture method 98.8 5.17 0.04 

  Capture method + Sex 98.8 5.18 0.04 

  Initial cort + Sex 98.8 5.20 0.04 

  Initial cort + Capture method +Initial cort:Capture method 100.7 7.07 0.01 

  Initial cort + Capture method + Sex 101.7 8.04 0.008 

  Initial cort + Capture method + Sex + Initial cort:Capture method 103.6 10.02 0.003 

      

 Total time spent at feeder Null  101.6  0.45 

  Capture method 103.9 2.30 0.14 

  Initial cort 104.0 2.37 0.14 

  Sex 104.1 2.48 0.13 

  Initial cort-time + Capture method 106.4 4.79 0.04 

  Capture method + Sex 106.5 4.95 0.04 

  Initial cort + Sex 106.6 5.03 0.04 

  Initial cort + Capture method +Initial cort:Capture method 108.4 6.84 0.02 

  Initial cort + Capture method + Sex 109.2 7.63 0.01 

  Initial cort + Capture method + Sex + Initial cort:Capture method 111.3 9.69 0.004 

      

 Mean duration of feeder visits  Capture method 81.4  0.31 

  Null  82.7 1.34 0.16 

  Initial cort + Capture method +Initial cort:Capture method 83.4 2.03 0.11 
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  Capture method + Sex 83.5 2.10 0.11 

  Initial cort-time + Capture method 83.6 2.22 0.10 

  Sex 84.7 3.35 0.06 

  Initial cort + Capture method + Sex + Initial cort:Capture method 84.7 3.36 0.06 

  Initial cort 85.2 3.79 0.05 

  Initial cort + Capture method + Sex 86.0 4.61 0.03 

  Initial cort + Sex 87.4 6.00 0.02 

      

Response to novel object     

 Number of Visits Null  108.0  0.37 

  Capture method 109.1 1.10 0.21 

  Initial cort 110.4 2.40 0.11 

  Sex 110.5 2.50 0.11 

  Initial cort-time + Capture method 111.7 3.69 0.06 

  Capture method + Sex 111.7 3.76 0.06 

  Initial cort + Capture method +Initial cort:Capture method 112.3 4.35 0.04 

  Initial cort + Sex 113.0 5.04 0.03 

  Initial cort + Capture method + Sex 114.5 6.51 0.01 

  Initial cort + Capture method + Sex + Initial cort:Capture method 115.3 7.38 0.009 

      

 Total time spent at feeder Null  98.6  0.39 

  Initial cort  100.9 2.32 0.12 

  Capture method 100.9 2.32 0.12 

  Sex 100.9 2.35 0.12 

  Initial cort + Capture method +Initial cort:Capture method 101.3 2.71 0.10 

  Initial cort + Capture method 103.3 4.77 0.04 

  Initial cort + Sex 103.4 4.79 0.04 

  Capture method + Sex 103.4 4.83 0.04 

  Initial cort + Capture method + Sex + Initial cort:Capture method 104.3 5.71 0.02 

  Initial cort + Capture method + Sex 106.0 7.42 0.01 
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 Mean duration of feeder visits  Initial cort 109.4  0.29 

  Null  109.9 0.46 0.23 

  Initial cort + Capture method +Initial cort:Capture method 111.2 1.77 0.12 

  Initial cort-time + Capture method 111.9 2.50 0.08 

  Initial cort + Sex 112 2.59 0.08 

  Capture method 112.3 2.90 0.07 

  Sex 112.4 2.96 0.07 

  Initial cort + Capture method + Sex + Initial cort:Capture method 114.2 4.76 0.03 

  Initial cort + Capture method + Sex 114.7 5.26 0.02 

  Capture method + Sex 115.0 5.56 0.02 

            
1Initial cort values are residuals of the linear regression of log-transformed cort on sample time (GLM: β = 0.006 ± 0.001, p<0.001). 

2All models included site as a random effect. 
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Table S5. Model selection of linear mixed models to assess differences in behavior, and hormone-behavior relationships, here stress-induced 

corticosterone, based on changes in activity at a feeder in birds captured in Potter traps (N = 20) and mist nets (N = 17).1 

Response Variable Fixed effects AICc Δ AICc Weight 

Response to Predator     

 Number of Visits Null  93.9  0.47 

  Stress-induced cort 96.4 2.45 0.14 

  Sex 96.5 2.52 0.13 

  Capture method 96.5 2.52 0.13 

  Stress-induced cort + Sex 99.1 5.13 0.04 

  Capture method + Stress-induced cort 99.1 5.13 0.04 

  Capture method + Sex 99.1 5.20 0.04 

  Capture method + Stress-induced cort + Cort:Capture method 101.7 7.76 0.01 

  Capture method + Stress-induced cort + Sex 101.9 7.99 0.009 

  Capture method + Stress-induced cort + Sex + Cort:Capture method 104.7 10.75 0.002 

      

 Total time spent at feeder Null  102.1  0.44 

  Capture method 104.2 2.08 0.16 

  Sex 104.6 2.46 0.13 

  Stress-induced cort 104.6 2.48 0.13 

  Capture method + Stress-induced cort 106.8 4.67 0.04 

  Capture method + Sex 106.8 4.68 0.04 

  Stress-induced cort + Sex 107.2 5.08 0.03 

  Capture method + Stress-induced cort + Cort:Capture method 109.5 7.42 0.01 

  Capture method + Stress-induced cort + Sex 109.5 7.43 0.01 

  Capture method + Stress-induced cort + Sex + Cort:Capture method 112.4 10.27 0.003 

      

 Mean duration of feeder visits  Capture method 81.1  0.33 

  Null  82.3 1.21 0.18 

  Capture method + Sex 83.2 2.05 0.12 
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  Capture method + Stress-induced cort 83.8 2.63 0.09 

  Capture method + Stress-induced cort + Cort:Capture method 84.1 2.95 0.08 

  Stress-induced cort 84.5 3.38 0.06 

  Sex 84.5 3.41 0.06 

  Capture method + Stress-induced cort + Sex + Cort:Capture method 85.3 4.14 0.04 

  Capture method + Stress-induced cort + Sex 86.0 4.90 0.03 

  Stress-induced cort + Sex 87.0 5.84 0.01 

Response to novel object     

 Number of Visits Null  107.7  0.34 

  Capture method 108.4 0.70 0.24 

  Sex 110.0 2.27 0.11 

  Stress-induced cort 110.2 2.47 0.10 

  Capture method + Sex 110.7 2.98 0.08 

  Capture method + Stress-induced cort 111.1 3.37 0.06 

  Stress-induced cort + Sex 112.6 4.93 0.03 

  Capture method + Stress-induced cort + Sex 113.5 5.85 0.02 

  Capture method + Stress-induced cort + Cort:Capture method 113.9 6.20 0.02 

  Capture method + Stress-induced cort + Sex + Cort:Capture method 116.6 8.91 0.004 

      

 Total time spent at feeder Null  97.8  0.44 

  Capture method 100.0 2.23 0.15 

  Sex 100.1 2.29 0.14 

  Stress-induced cort 100.2 2.44 0.13 

  Capture method + Sex 102.5 4.72 0.04 

  Capture method + Stress-induced cort 102.6 4.80 0.04 

  Stress-induced cort + Sex 102.7 4.92 0.04 

  Capture method + Stress-induced cort + Cort:Capture method 105.1 7.33 0.01 

  Capture method + Stress-induced cort + Sex 105.3 7.50 0.01 

  Capture method + Stress-induced cort + Sex + Cort:Capture method 107.8 9.97 0.003 
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 Mean duration of feeder visits  Null  109.7  0.42 

  Capture method 111.5 1.84 0.17 

  Sex 111.9 2.28 0.14 

  Stress-induced cort 112.2 2.52 0.12 

  Capture method + Sex 113.9 4.18 0.05 

  Capture method + Stress-induced cort 114.2 4.50 0.04 

  Stress-induced cort + Sex 114.6 4.96 0.04 

  Capture method + Stress-induced cort + Sex 116.7 7.05 0.01 

  Capture method + Stress-induced cort + Cort:Capture method 116.9 7.23 0.01 

  Capture method + Stress-induced cort + Sex + Cort:Capture method 119.4 9.75 0.003 

            
1All models included site as a random effect. 
 


