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Abstract 21 

Studies of animal behavior often rely on human observation, which introduces a number 22 

of limitations on sampling. Recent developments in automated logging of behaviors make 23 

it possible to circumvent some of these problems. Once verified for efficacy and 24 

accuracy, these automated systems can be used to determine optimal sampling regimes 25 

for behavioral studies. Here, we used a radio-frequency identification (RFID) system to 26 

quantify parental effort in a bi-parental songbird species: the tree swallow (Tachycineta 27 

bicolor). We found that the accuracy of the RFID monitoring system was similar to that 28 

of video-recorded behavioral observations for quantifying parental visits. Using RFID 29 

monitoring, we also quantified the optimum duration of sampling periods for male and 30 

female parental effort by looking at the relationship between nest visit rates estimated 31 

from sampling periods with different durations and the total visit numbers for the day. 32 

The optimum sampling duration (the shortest observation time that explained the most 33 

variation in total daily visits per unit time) was 1h for both sexes. These results show that 34 

RFID and other automated technologies can be used to quantify behavior when human 35 

observation is constrained, and the information from these monitoring technologies can 36 

be useful for evaluating the efficacy of human observation methods.  37 

 38 

Keywords: behavioral sampling, optimization, PIT-tag, RFID, parental care, feeding rate  39 

  40 
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Introduction 41 

The behavior of animals is notoriously variable. Therefore, finding a sampling regime 42 

that can accurately quantify behavior is challenging [1]. Most studies measuring animal 43 

behavior rely on human observation and subsequent analysis (‘coding’). However, 44 

regardless of whether the observer watches the animals directly or quantifies behavior 45 

from recorded video, the procedure requires considerable time and effort. Consequently, 46 

availability of human resources and/or video recording equipment limits such studies of 47 

animal behavior. In addition, it may be desirable to limit disturbance of the animals, (e.g., 48 

to reduce impacts of the observer on behavior), further constraining human activity 49 

around the study subjects. Even if there were no limits or constraints on human 50 

observation, statistical power rises as an asymptotic function of sample size; thus, after a 51 

certain point, the value of each additional sample begins to decline. Therefore, it may be 52 

more efficient to stop data collection before the informational asymptote is reached, to 53 

maximize the return for observer effort [2]. For all these reasons, a careful consideration 54 

of sampling effort is warranted. 55 

Although the duration of observation periods has important consequences for 56 

statistical power, and thus the required sample size and effort, often the duration of 57 

observation periods used in a given study seems arbitrary. For instance, many behavioral 58 

studies of parental behavior use 1 hour behavioral watches [3–5], or sometimes even 59 

shorter observation periods [6–10]. These studies do not explicitly justify or validate the 60 

duration of the chosen observation period; therefore, the degree to which these 61 

observational samples are representative of subjects’ behavior on longer time-scales is 62 

often unknown. Although several studies have provided analyses of different sampling 63 
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regimes [2,11–13], these results may be difficult to generalize across species because of 64 

potential differences in the nature of behavior. Furthermore, some of these studies have 65 

relied solely on direct observations, which are by definition limited by manpower and 66 

human attention (e.g., a human observer cannot reasonably watch focal individuals from 67 

dawn to dusk), and human presence may also alter the behavior being studied.  68 

Here, we use continuous recordings of parental provisioning visits from two 69 

populations of tree swallows (Tachycineta bicolor) to investigate the effect of different 70 

behavioral observation sample durations on the accuracy of estimated provisioning rates. 71 

We used an automated monitoring system based on radiofrequency identification (RFID) 72 

technology [14] that recorded every visit of the parents to the nest box throughout the 73 

entire day. Our aims were to determine the effect of observation period duration and 74 

statistical accuracy of estimated visit rate, so we can aid other researchers in choosing a 75 

sampling regime for their particular study system, and to demonstrate the degree to which 76 

duration of sampling regime can influence accuracy. We first validated RFID readings 77 

with data from 1-hr behavioral observations. Next, we estimated the optimal duration of 78 

behavioral observations that would maximize the amount of between-nest variation in 79 

parental behavior explained, while minimizing the effort to collect such samples. In doing 80 

so, we also emphasize that the optimal observation period for other systems may differ 81 

depending on various factors which we discuss below. Nonetheless, our approach to 82 

estimating the relationship between sampling effort and proportion of variance explained 83 

could be used in other systems to determine the required sampling effort to obtain a 84 

desired degree of accuracy.  85 
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Materials and Methods 86 

Study populations 87 

We investigated nestling provisioning behavior in a bi-parental songbird, the tree 88 

swallow, in two populations: at the Queen’s University Biological Station, Ontario, 89 

Canada (N44°34’2.02”, W76°19’26.036”, 121m elevation) in 2014, and near Davidson 90 

College, Davidson, North Carolina, USA (N34°31’ 32.34”, W80°52’40”, 240m 91 

elevation) in 2014 and 2015. All procedures followed guidelines for animal care outlined 92 

by Association for the Study of Animal Behaviour, and the Animal Behavior Society and 93 

the Canadian Council on Animal Care, and were approved by the Institutional Animal 94 

Care and Use Committee at Virginia Tech (#12-020) and the Canadian Wildlife Service 95 

(#10771). In both populations, birds breed in nest boxes [15,16]. In tree swallows, 96 

females feed their offspring at a higher rate than males on average [17], and male visit 97 

rates show higher among-individual variance than female visit rates (RD, JQO, AZL 98 

unpublished data). 99 

 100 

Bird tagging and data collection  101 

Both parents were captured in their nest box (females: day 10 of incubation, males: day 2 102 

or 3 post hatching) and equipped with a PIT-tag (passive integrated transponder) that was 103 

incorporated into a plastic leg band (EM4102 tags from IB Technology, UK). These leg 104 

bands were red for females and blue for the males. A hexagonal or square antenna 105 

(diagonally about 6cm) was fixed around the entrance of the nest box, which was later 106 

(from day 3 to day 5 post hatching), connected to an RFID reader. The reader attempted 107 
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to detect a signal for 0.3 seconds, then paused for 0.2 seconds to save battery life and then 108 

this cycle was repeated continuously. This way, the reader recorded every time a bird 109 

equipped with a PIT tag passed through the antenna and thus the nest box entrance. The 110 

reader recorded the unique tag number and the current date and time to the seconds in a 111 

log file. We used “Generation 2” readers, an upgrade of the model described in [18] 112 

provided by Cellular Tracking Technology, PA, USA. The readers were powered from a 113 

12V, 5Ah motorcycle battery (8.9×7.1×10.1 cm). The reader and the battery were placed 114 

in a waterproof plastic container and hidden in the grass, below the nest box. To save 115 

power, we programmed the readers to turn off during the night (between 22:00 and 116 

04:00). Therefore, on day 5, the readers recorded all visits that either parent made to the 117 

box during the entire day at n = 18 nests. In 46 cases, the readers were first set up on day 118 

5, typically in the morning, between 07:00 and 10:00, so the duration of daily recordings 119 

is shorter for these nests, but still covers most of the day (mean: 12.72 ± 0.18 (SE) hours 120 

at a site with approximately 15 hours of daylight). In an additional 10 nests, RFID readers 121 

were deployed in the same manner, but the RFID readers yielded fewer than 200 total 122 

reads for that day (male and female combined; compared to the rest of the nests, where 123 

the average number of total reads was 1281 ± 149 (SE)), which indicates that the tags or 124 

antennae at these nests were not working properly, or that the parents fed their nestlings 125 

at an unusually low rate. These nests were excluded from our analyses. The final sample 126 

sizes for RFID analyses in 2014 were 34 (Canada) and 30 (US) nests. To test whether our 127 

conclusions can be generalized through a wider range of nestling ages, in 2015, we also 128 

collected RFID logs from 13 nests on day 3 post hatching and 28 nests day 8 post 129 

hatching (US only).  130 
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From the RFID logs, we determined the number of nest visits by filtering out 131 

continuous readings, generated when a bird is perching on the nest entrance (i.e., adjacent 132 

to the antenna). Our measure of visit rate based on the RFID logs may overestimate the 133 

actual number of feeding visits (e.g., birds sometimes go into the nest box, reappear at the 134 

entrance and then go back to the box before finally leaving the box – this event would be 135 

treated as two separate visits in our analyses). Such cases, however, were relatively 136 

infrequent (see Results).  137 

In 2014, each nest was also directly monitored by a human observer for one hour 138 

to quantify the visit rates of the parents, and to determine whether RFID logs provide a 139 

similar estimate of visit rates by correlating the observational data with the visit rate 140 

calculated from the RFID logs. A total of 45 nests were directly observed while the RFID 141 

readers were in operation. The observer sat at about 30 m from the nest box at an angle 142 

that would allow him or her to determine the color of band (and therefore the sex) every 143 

time a bird entered. Because our primary interest in this study was accuracy in 144 

quantifying between-nest variation, we used only one day (day 5) of observation at a 145 

standard stage of chick rearing.  146 

 147 

Statistical analyses 148 

Our analyses proceeded in two stages. In the first stage, we compared the visits inferred 149 

from the RFID logs with the visits noted during the observations for the same hour. In the 150 

second stage of our analyses, we used the RFID data to determine if different sampling 151 

durations could reliably estimate overall daily behavior. We first calculated the overall 152 

daily visit rate (number of visits divided by the duration of the total recording period) for 153 
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both males and females in each nest from the RFID logs. We used the same logs and 154 

sampled 1h-long periods starting at different times of the day using all possible start 155 

times and calculated the sample visit rate again for both sexes. Then, separately for males 156 

and females, we used a linear regression to test how well visit rates calculated from the 157 

1h samples predict the total daily visit rates. Because our focus was on between-nest 158 

variation, we extracted the R2 from the linear model as a measure of the proportion of 159 

variance explained. We also obtained 95% confidence intervals for these estimates using 160 

nonparametric bootstrapping. Specifically, we calculated the R2 of the linear relationship 161 

between the hourly and the daily feeding rate using a random sample with replacement 162 

and 10000 replicates.  163 

Next, we repeated the above process while varying the duration of the sampling 164 

window from 15min to 4h by 15-min increments. We set the maximum at 4h because, in 165 

most field conditions, longer direct observations are not feasible, and even with video 166 

recordings, sampling is constrained by battery life. For every hour from 07:00 to 17:00, 167 

we calculated the R2 based on different sampling window durations separately for the 168 

sexes.  169 

We next sought to determine the optimal sampling duration. To do that, we first 170 

fit a series of curves to the R2 obtained at different observation periods. We fitted 171 

multiple curves because, while we expected the data would follow a saturation curve (i.e., 172 

very long observations will reach an asymptote in terms of proportion of between-173 

individual variation explained), we did not have an a priori expectation that the data 174 

would fit one particular type of saturation curve over another. In practice, the fitted 175 

curves differed little in their shape (see Results). We fit three models that are often used 176 
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to model such relationships, using the package ‘drc’ [19] in the R computing 177 

environment (version 3.2) [20]. First, we fitted a three-parameter Gompertz growth 178 

curve. The Gompertz curve converges towards an asymptote and the steepness of the 179 

curve changes with an inflection point in between the start and the asymptotic part of the 180 

curve. Next, we fitted a three parameter Michaelis-Menten model, a saturation curve that 181 

does not have an inflection point, and a three parameter asymptotic regression. We 182 

estimated the goodness of fit of each model using ‘modelFit’ in ‘drc’, where a significant 183 

value indicates a lack of fit, and used the second order Akaike Information Criterion to 184 

compare the fit of different models. Finally, we also fit a general additive model to the 185 

data using the ‘gam’ function in the ‘gam’ package that uses penalized regression splines. 186 

This method fits the model using a penalized likelihood maximization, in which the 187 

model likelihood is modified by the addition of a penalty for each smooth function, 188 

resulting in a balance between smoothness and goodness of fit. It does not assume that 189 

there is an inflection point or asymptote.   190 

We then used two optimization algorithms to find the marginal value that gives 191 

the optimal sampling effort, defined as the one that maximizes the rate of return of 192 

statistical accuracy in R2 units per unit of sampling time. First, for the Gompertz fit, we 193 

took the local minimum of the second derivative of the fitted curve, which gives the 194 

inflection point of the first derivative where the concavity of the steepness of the curve 195 

changes towards the asymptotic decrease. For the other fits, the steepness of the curve 196 

monotonically decreases, and therefore there is no inflection point. In these cases, we 197 

used the ‘minimally important change’ threshold that is often used in clinical trials to find 198 

a balance between specificity and sensitivity of a treatment (that also follows a 199 
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hyperbolic saturation curve), and that has been recently shown to provide the optimal 200 

cutoff value [21]. This method uses a sum of squares method to find the point on the 201 

curve that maximizes the outcome while minimizing the cost (in our case, statistical 202 

accuracy and observational duration, respectively). An R script of the analyses (S1 File) 203 

and the dataset (S2 File) are provided as electronic supporting information. 204 

Results 205 

Visit rates calculated from day 5 RFID logs and direct behavioral observations were 206 

highly correlated (females: r= 0.68, p=0.2 × 10-7 and males: r=0. 67, p=0.4 × 10-7; N= 43, 207 

Fig. 1). There was a strong positive linear relationship between visits inferred from RFID 208 

logs and directly observed visits, with only a few exceptions (Fig. 1). In most cases, the 209 

exceptions involved the failure of the RFID system to detect visits that were noted by an 210 

observer, which may have been due to failure of the PIT-tag or the antenna, although 211 

observer error is also possible. 212 

213 
 214 
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Fig. 1. Visit rate (the number of feeding visits/h) of female and male tree swallows 215 

inferred from 1h-behavioral observations (y-axis) and RFID readings (x-axis). Open 216 

circles denote influential data points that have disproportionate effect on the relationship 217 

as measured by the ‘influence.measures’ function in R. Note that the statistical analyses 218 

provided in the main text were carried out including these data points, and therefore 219 

provide a conservative estimate of these relationships.  220 

 221 

Next, we looked at the RFID logs of the entire day. In most nests, the cumulative 222 

number of visits increased monotonically and linearly during the day in both sexes (Fig. 223 

2), suggesting that diel variation in visit rate was negligible. 224 
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 225 

Fig. 2. The cumulative number of parental visits in tree swallow nests in (A) Canada 226 

and (B) North-Carolina. In both (A) and (B), each panel corresponds to one nest (the 227 
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nest identifier is printed above each panel), with the blue line representing the male and 228 

the red line the female parent.  229 

 230 

After combining data from both populations, we examined how the time of day 231 

when the 1h sample began predicted the total daily visit rate. Observations of 1h in 232 

duration significantly predicted the total daily visit rate across all start times (Table 1). 233 

However, the proportion of variance explained depended on when the 1h sampling began. 234 

Mid-day sampling tended to provide the best estimates, whereas evening and early 235 

morning hours gave the worst estimates for both females and males. 236 

All of the parametric models we tested showed good fit to the data with the 237 

monotonic Michaelis-Menten model giving the best fit for both sexes (females: F = 238 

0.078, p = 1.0, males: F = 0.036, p = 1.0). The Gompertz and the asymptotic regression 239 

(AR) models showed similar fit, but were somewhat less supported for the female dataset 240 

(ΔAICc= 3.763 and 1.90 for Gompertz and AR respectively), whereas for the male 241 

dataset the difference was even smaller (ΔAICc= 0.860 and 1.116, respectively), 242 

therefore these alternative models explained the relationship between duration of 243 

observation and R2 equally well (Fig. 3).  The general additive model (GAM) provided a 244 

monotonic smooth curve for both males and females, but these models had the least 245 

support (females: ΔAICc= 7.05, males: ΔAICc= 3.33).  246 

Despite these differences in model fit, the Euclidean optimization function 247 

provided the same optimal duration for observations for all 4 curves, with an estimate of 248 

1h for both sexes (Fig. 3). The concavity approach based on the Gompertz curve provided 249 

optimal duration estimates of 45 minutes for females and 1.5 hours for males.  250 
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Table 1. Proportion of variance explained (R2) and its 95% confidence interval 251 

generated by bootstrapping, statistical significance (p-values), and the sample size 252 

(N) of the relationship between 1h-samples and the total daily visit rate based on the 253 

time of onset of the 1h-sample for female and male tree swallows.  254 

 255 

time 

R2 [95% CI] 

(female) 

p-value 

(female) 

R2 [95% CI] 

(male) 

p-value 

(male) 

N 

06:00 0.60 [0.31; 0.83] 4.3e-04 0.34 [0.08; 0.68]  1.9e-02 16 

07:00 0.57 [0.41; 0.77]  3.2e-04 0.26 [0.05; 0.57]  3.0e-02 18 

08:00 0.40 [0.15; 0.77] 2.0e-03 0.24 [0.04; 0.54]  2.5e-02 21 

09:00 0.40 [0.19; 0.60]  9.2e-06 0.36 [0.18; 0.57]  3.5e-05 41 

10:00 0.52 [0.31; 0.70] 4.8e-10 0.25 [0.09; 0.43]  1.2e-04 55 

11:00 0.59 [0.42; 0.74]  2.9e-13 0.16 [0.03; 0.41]  1.1e-03 62 

12:00 0.66 [0.52; 0.78]  1.6e-15 0.52 [0.33; 0.71]  4.0e-11 62 

13:00 0.70 [0.55; 0.81] 2.0e-16 0.65 [0.46; 0.78]  2.2e-15 62 

14:00 0.53 [0.35; 0.71]  1.8e-11 0.47 [0.28; 0.63]  5.6e-10 63 

15:00 0.50 [0.31; 0.68] 6.0e-11 0.64 [0.46; 0.77]  2.7e-15 64 

16:00 0.31 [0.20; 0.59] 1.6e-06 0.30 [0.13; 0.48] 3.0e-06 64 

17:00 0.49 [0.31; 0.66]  1.4e-10 0.50 [0.28; 0.68] 8.4e-11 64 

18:00 0.44 [0.25; 0.61]  3.1e-09 0.59 [0.35; 0.81]  8.9e-14 64 

19:00 0.50 [0.30; 0.66]  8.7e-11 0.47 [0.27; 0.64]  3.9e-10 64 

 256 

 257 
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 258 

Fig. 3. Optimal durations of observation periods for female and male tree swallows. 259 

The solid lines show the best fit curve to the data (a three parameter Michaelis-Menten 260 

model) for the relation between R2 and observation period duration (15 minutes - 4 261 

hours). The dashed lines show three alternative model fits (Gompertz, Asymptotic 262 

regression and General Additive Model). Red and blue dots indicate the optimal sampling 263 

effort for females and males respectively, that maximizes R2 and minimizes the duration 264 

of observation (indicated by the dashed arrows).  265 

 266 

Repeating the same analyses on day 3 and day 8 logs on a different set of 267 

individuals from 2015 gave identical results. The optimal duration of sampling 268 

(calculated using the Euclidean optimization) was 1h for males and females provisioning 269 
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younger (day 3) and older (day 8) nestlings. Similarly to the day 5 records, the concavity 270 

approach provided estimates of 45 minutes for females and 1.5 hours for males as an 271 

optimal duration for both day 3 and day 8 nestling ages.  272 

 273 

Discussion 274 

In this study, we demonstrated the utility of RFID data loggers for quantifying nest visit 275 

rates in a small songbird, and quantified the relationship between sampling period 276 

duration and statistical accuracy of estimates of parental behavior. We provide an 277 

optimization method that can be easily applied to provisioning data from other systems, 278 

whether collected by behavioral observations or by an automated recording system. Our 279 

results therefore provide a template for other behavioral studies seeking to measure 280 

behavioral traits with accuracy while maximizing efficiency.  281 

For chick-rearing tree swallows, the optimal sampling period duration of about 1h 282 

for both sexes was robust to different curved fits to the data. A different optimization 283 

algorithm based on the change of the steepness of the curve provided a slightly different 284 

estimate: 45 min for females and 1.5h for males. Note that the latter approach only works 285 

with the Gompertz growth function with an inflection point. The Gompertz function did 286 

not fit our data as well as the monotonic Michaelis-Menten function, although the 287 

differences between these fits were small (Fig. 3). We recommend using the ‘minimally 288 

important change’ threshold [21] that uses simple Euclidean geometry and works with all 289 

presented model fits. This method is widely used in the medical fields [21], but has not 290 

been applied in an ecological context. We provide a script to perform this analysis as an 291 
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electronic supplement (S1 File), so that other researchers can apply it to find the optimal 292 

sampling duration for their study systems.  293 

Our data suggest that, depending on whether researchers want to analyze females, 294 

males, or both sexes, observation periods of between 45 and 90 minutes are ideal for a 295 

study of tree swallow parental feeding rates. Although the feeding rate of parents may 296 

change as the nestlings grow (e.g., [22,23] but see [24]), nestling age had no effect on 297 

the optimal sample duration. This conclusion seems to corroborate a growing list of 298 

studies that tested whether shorter observation durations can predict the parental behavior 299 

measured from a longer, whole-day sample [13]. These studies often conclude that 1h 300 

observation is sufficient to reliably reflect the variation in feeding rates among 301 

individuals (Table 2). These studies, however, typically tested only 1h or 2h as a 302 

sampling period. Here, we tested 16 different sample durations (from 15 mins to 4h) 303 

across the entire day. We found that 1h was in fact the optimal sampling time, given that 304 

it maximized accuracy while minimizing total sampling effort.  305 

 306 

  307 
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Table 2. Summary of published results testing different sampling regimes.  308 

Species Data collection 

method 

Sampling 

durations 

Is 1h good enough?a Refer

ence 

Eastern kingbird 

(Tyrannus tyrannus) 

observations 1h vs 2-3h yes [13] 

Savannah sparrow 

(Passerculus 

sandwichensis) 

observations 2h vs whole 

day 

1h was not tested, but 2h 

samples gave estimates that 

agreed closely with the 

longer observations  

[25] 

Blue tit  

(Cyanistes caeruleus) 

RFID 1h or 2h vs 

whole day 

yes [26] 

Blue tit  

(Cyanistes caeruleus) 

RFID 1h vs whole 

day 

yes [11] 

House sparrow 

(Passer domesticus) 

observations 1h or 2h vs 

whole day 

yes, but 2×1h or 2h 

observations yielded more 

accurate estimates 

[2] 

Great tit  

(Parus major) 

infrared 

microcamera 

1h vs 7h 

(7:00-

14:00) 

yes [12] 

Tree swallow 

(Tachycineta bicolor) 

RFID 15 min- 4h 

vs whole 

day 

yes this 

study 

a This column indicates whether 1h sample could significantly predict longer (or whole 309 

day) provisioning behavior.  310 

 311 

Interestingly, we did not observe a systematic effect of time of the day on 312 

accuracy (R2), although early morning and evening samples tended to give poorer 313 

estimates. Indeed, the cumulative number of observations increases steadily throughout 314 

the day in a linear fashion, which is consistent with earlier observations that tree 315 
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swallows feed their young during daylight hours at a relatively constant rate [27,28]. 316 

Studies of avian parental care usually concentrate on the morning hours, mainly because 317 

the activity of insectivorous birds is often the highest during the early hours of the day 318 

and one might think that a relatively short observation period is the most reliable when 319 

there are a lot of behavioral activities to record. However, our results corroborate earlier 320 

conclusions that this is not necessarily the case [11]. For example, in the blue tit 321 

(Cyanistes caeruleus), parental feeding rate is indeed the highest in early morning. 322 

However, sex differences in blue tit feeding rates are also greater during early hours, 323 

therefore, sampling these birds only during these hours could provide an inflated and less 324 

reliable estimate of variation in sex differences in parental care [11]. 325 

We emphasize that our approach here has been purely pragmatic, and increasing 326 

observation period duration to be greater than 1h will always yield greater accuracy. If 327 

sample size is low, this may be desirable to attain greater statistical power. In our dataset, 328 

an increase of observation period duration from 1h to 2h could explain an additional 329 

~15% of the variance (Fig. 3). So, as always in optimization, the currency will determine 330 

the optimal approach. We believe that being able to quantify the gains of increased 331 

sampling periods, as we do here, will be valuable to researchers trying to find the 332 

optimum sampling regime for their own system. But researchers also need to consider 333 

minimum level of variation explained that would be acceptable for their study, as well as 334 

other logistical constraints.  335 

Finally, our data validate the use of RFID technology as a powerful tool to 336 

estimate parental visit rates. This tool provides an effective method for behavioral 337 

ecologists to circumvent the logistical and human resource limitations and observation 338 
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bias that researchers face when designing behavioral studies [29]. It is important to note 339 

that the RFID readers cannot discriminate between different behaviors performed during 340 

visits (such as feeding, brooding, nest defense, or courtship/copulation), and as such these 341 

methods are not yet able to completely replace behavioral observations for a variety of 342 

scientific questions (e.g., when researchers are interested in classifying types of social 343 

interactions). That said, the benefits of all-day monitoring might outweigh the limitations 344 

of such a system for some scientific questions, such as those that require quantification of 345 

feeding rates in nestbox breeding birds. Furthermore, the results presented here will be 346 

useful to those researchers using only behavioral observations as well. We believe the 347 

combination of behavioral observations with RFID (or similar) monitoring technologies 348 

is the most fruitful strategy for field research in the immediate future.  349 

 350 
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