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Abstract
Background
To understand life-history strategies in migratory bird species, we should focus on migration behaviour and possible carry-over effects on both population and individual level. Tracking devices are useful tools to directly investigate migration behaviour. With increased use of tracking devices, questions arise towards animal welfare and possible negative effects of logger on birds. Several studies were conducted to address this question in birds that were tagged and tracked for one complete non-breeding season including migration but with mixed results. To detect individual-based decisions regarding migration strategy, we need to track the same individuals several times. So far, there are no studies investigating effects of repeatedly tagging on reproduction and life-history traits in individual migratory birds, especially in small birds.

Methods
We used long-term data of 85 tagged common swifts (Apus apus), a long-distance migratory bird, of a breeding colony in Germany to test whether carrying a geolocator or GPS logger once or repeatedly during non-breeding season affected return rate, apparent survival, and parameters determining reproductive success. Additionally, we checked for individual differences in arrival date and breeding parameters when the same individuals were tagged and when they were not tagged in different years. Further, we calculated the individual repeatability in arrival at the breeding colony and date of egg laying in repeatedly tagged swifts.

Results
Once and repeatedly tagged birds returned to the colony at a similar rate as non-logger birds and arrived earlier than non-logger birds. We found no effect of logger-type on return rate in logger birds. We detected no differences in apparent survival, time lag to clutch initiation, date of clutch initiation, clutch size, number of chicks and fledglings between logger and non-logger birds. We found neither an effect of loggers nor of logger-types on the arrival date and breeding parameter on individual-level. Arrival date was highly repeatable and date of clutch initiation was moderately  repeatable within repeatedly tagged individuals.
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Background
Long-distance migratory birds often migrate between continents and live in different worlds within each year. Living in different parts of the world means facing different challenges. These can be very variable: from climatic factors to the availability of food [1, 2]. Some long-distance migratory birds spent even most of their lifetime at their wintering grounds and only a short period of time at their northern breeding grounds [3, 4]. To understand life-history strategies in migratory bird species, it is not sufficient to monitor the breeding season. Instead, we should also focus on non-breeding periods to learn more about important parameters influencing migration behaviour and possible carry-over effects on life-history traits, i.e. processes in the previous season that affected the breeding success of an individual in the following season and vice versa [5].
Thanks to tracking devices such as light level-geolocators (hereafter “geolocators”), GPS loggers or radio transmitter, we gained knowledge about migration behaviour [4], like timing of migration, migration tracks, locations of overwintering areas and the time they spend in each area [i.e. 6–8]. All this information contributes to a better understanding of life-history strategies in long-distance migratory bird species [9, 10]. In recent years, tracking devices are getting smaller and lighter so that even small bird species (less than 100 g) can be tracked [11–14], and the number of biologging studies on birds is constantly increasing [15–18]. So far, many studies investigated ecological carry-over effects in migratory species, i.e. factors, circumstances and/or constraints an individual faces in one season, i.e. during the overwintering season, that may affect the performance of that individual during the next breeding season and vice versa [e.g. 5, 19]. With the growing number of biologging studies, questions arise regarding animal welfare and possible negative effects on reproductive success and life-history traits due to carrying a tracking device, i.e. possible “carry-over” effects in these bird species. These additional effects may even mask the actual effects of interest. Some studies have shown that there are no effects of tagging on survival or reproduction success [20–24]. Important to note is that one study found injuries on some of the tagged birds but no negative relationship between being tagged and return rate, hatching and fledgling success were found [21]. Other studies detected negative effects on return rate and survival [25, 26] and breeding such as delay in clutch initiation, reduced breeding success and reduced parental care [27–30]. A meta-analysis of 74 published and 48 unpublished paper could detect only a weak effect on apparent survival [31].
To gain more insight into life-history strategies, we need more details on decisions on individual level within a species. For this, it is essential to track the same individuals several times, which will provide information about the consistency of individual migration behaviour [e.g. 13, 32–36]. The number of studies using repeated tracking in bird species is expected to increase [14, 24, 34, 37]. So far, there is, however, no data at all on possible effects of repeated tagging on migratory birds regarding traits influencing reproductive success. Thus, we need more studies investigating effects of tagging once and even more important long-term studies focussing on effects of repeated tagging on migratory birds. By comparing return rates, apparent survival, and breeding parameters in logger birds which were tagged once or repeatedly tagged with non-logger birds, we can assess whether this technique affects important parameters influencing reproduction. Here, we investigated possible “carry-over” effects, i.e. effects due to carrying a geolocator and/or a GPS-logger once and repeatedly in common swifts Apus apus using our long-term data covering 2012–2020.
The common swift is a small (about 40 g), highly aerial long-distance migratory bird species with breeding sites throughout Europe. The breeding season lasts from April until the end of August / beginning of September, with a shorter breeding season in the south than in the north of Europe. In general, a breeding pair has one clutch per breeding season with up to three chicks [38, 39]. Swifts are strictly insectivore and catch the food exclusively in the air. Outside the breeding season, common swifts spend almost 10 months continuously on the wing and overwinter in sub-Saharan Africa as far as south Africa [13, 40–42].
We studied swifts breeding at a location in Germany and investigated whether return rate to the breeding colony, apparent survival, and breeding parameters like arrival date at the breeding colony, time period to clutch initiation after arrival, date of first egg, clutch size, number of chicks, and number of fledglings are affected by tagging once and/or repeated tagging, and type of logger (with or without a light stalk) of one of the parent birds in the previous year. We compared these parameters in logger birds which carried a logger once or up to five times in different years about 9–10 months before returning to the breeding site with those in non-logger birds returning to the same breeding site in the same year. We studied a logger effect on individual level in two ways: (1) We compared arrival date and breeding parameters within same individuals when they were tagged and when they were not tagged. (2) In repeatedly tagged logger birds, we measured repeatability in arrival date and date of clutch initiation over several years. If loggers have an effect on apparent survival, we would expect a lower return rate in once tagged and/or repeatedly tagged logger birds than in non-logger birds. Additionally, in the case of a negative effect of tagging, we would expect once and/or repeatedly tagged logger birds to arrive later than non-logger birds, and an individual bird to arrive later when it is tagged than when it is not tagged. We assume that delayed arrival will have an impact on breeding parameters.
Methods
Study side and employment of loggers
Common swift breeding colony
The breeding site is located in a walk-in concrete bridge near the city of Olpe, North Rhine-Westphalia, Germany (51°02ʹ28ʹʹN, 7°49ʹ36ʹʹE) [43]. According to the geographical location, breeding season lasts from the end of April to the beginning of August. Since 2007, we ring adult and juvenile birds (aluminium ring), and equipped them with a RFID transponder (trovan ID-100A (1.4), trovan™, Frechen, Germany) for individual identification. Birds were automatically read by loop antennas located around the nest or around the entrance hole near by the nest. The number of breeding pairs has increased steadily from 38 breeding pairs in 2007 to 62 breeding pairs in 2020.
Tracking devices
To track the swifts throughout their non-breeding season, we equipped 76 adult swifts with archival light-level geolocators from Biotrack Ltd (Wareham, UK) or the Swiss Ornithological Institute (Sempach, Switzerland) and nine adult swifts with GPS-logger from PathTrack Ltd (Otley, UK) with a full body harness [13, 41] between 2012 and 2019 (in total N = 85, including 16 repeatedly tagged birds, Table 1). Geolocators/GPS-Loggers plus full body harnesses constituted 1.4–4.1% of the individuals’ body mass with average body mass of swifts of 43.8 ± 3.73 g (mean ± SD).Table 1Overview of logger types (company, weight and presence of light stalk) and mean weight of logger birds and non-logger birds in the years 2012–2019


	Year
	Logger type
	Company
	Logger weight including body harness [g]
	Light stalk
	Mean weight of logger birds [g]
	Mean weight of non-logger birds [g]

	2012
	MK5540
	Lotek (former Biotrack Ltd), Wareham, UK
	0.68
	No
	40.1 ± 2.7
	44.4 ± 2.3

	2013
	ML6590
	Lotek (former Biotrack Ltd), Wareham, UK
	0.79
	No
	45.9 ± 2.9
	40.8 ± 3.6

	2014
	SOI-GDL
small
	Swiss Ornithological Institute, Sempach, CH
	0.64
	Yes
	46.2 ± 1.9
	44.2 ± 2.6

	2015
	SOI-GDL2 
	Swiss Ornithological Institute, Sempach, CH
	0.73
	Yes
	44.6 ± 3.4
	39.6 ± 2.5

	2016
	SOI-GDL
PAM
	Swiss Ornithological Institute, Sempach, CH
	1.72
	Yes
	43.6 ± 4.4
	41.9 ± 6.2

	2017
	SOI-GDL3_
PAM
	Swiss Ornithological Institute, Sempach, CH
	1.60
	No
	40.9 ± 2.7
	42.5 ± 2.8

	2018
	SOI-GDL
PAM &
nanoFixTMGEO-Mini
	Swiss Ornithological Institute, Sempach, CH & PathTrack Ltd, Otley, UK
	1.48 & 1.30
	No
	45.2 ± 3.6
	40.5 ± 3.7

	2019
	nanoFixTMGEO-Mini
	PathTrack Ltd, Otley, UK
	1.30
	No
	44.8 ± 2.5
	42.0 ± 4.7




Logger birds and non-logger birds
At the end of each breeding period in July/August, we picked birds for tagging which were in good condition, i.e. weighted at least 36 g and had a wing length of at least 169 mm. We did this to minimize the relative extra load by the logger for reasons of animal welfare. We tagged only birds, which had bred at least once successfully in our colony before because breeders are more faithful to the colony than non-breeders. Non-logger birds were those which had bred at least once successfully or showed at least a breeding attempt in the colony before but had never been tagged.
Data sets and analyses
Return rate
We used antenna data (see above) of the logger birds and those of the same number of randomly chosen non-logger birds to detect returning birds in each year. We calculated the return rate as number of birds returned in year x + 1 / number of same birds returned in year x for each year between 2013 and 2020, and compared the rate of returned logger birds with the rate of returned non-logger birds using a generalized linear mixed model (GLMM) with binomial error distribution (number returned and not returned bound together as dependent variable) including a random slope for the logger-effect and random intercept grouped by study year. We also analysed whether the return rate of the logger birds (including repeatedly tagged individuals) was influenced by logger types with a light stalk (used 2014–2016), which might cause aerodynamic drag, and by sex coded as factor in a GLMM with binomial error distribution (returned “yes/no” as dependent variable). We used “logger type”, “year” and “bird’s ID” as random factors.
Apparent survival and recapture probability
Based on encounter data (i.e. capture history) of logger and non-logger birds from 2012 to 2020 (including repeated tagged individuals), we analysed apparent survival ϕ and recapture probability p in a capture-recapture analysis with Mark ver. 9.0 [44] using the R interface “RMark” [45]. We applied a Cormack-Jolly-Seber (CJS) model with “geo” (i.e. “tagged” or “not tagged”) and “sex” as factor variables to define groups and “year” as covariates. Based on corrected Akaike information criterion (AICc) we ranked models with these variables considering only models with a ΔAICc < 2 from the model with the lowest AICc (i.e. best model) [46].
Body weight, wing length and sex of logger birds and non-logger-birds
We measured body weight with an electric scale to the nearest 0.01 g (Kern und Sohn GmbH, Solingen, Germany), and wing length (maximum chord) [47] to the nearest 0.5 mm in July to August in each year, in case of logger birds (first tagging in repeatedly tagged birds) during tagging. We compared the body weight and wing length of logger birds with those of non-logger birds using linear mixed models (LMM) with “year” as random factor. Additionally, we checked for any size differences in body weight and wing length taken during tagging between logger birds that returned to the colony next year and those who did not return to the colony using a LMM with “year” as random factor. Since swifts are sexually monomorphic, we performed molecular sexing to determine sex [48].
Arrival date
We recorded arrival dates as the first registration of birds detected by the antenna system. Additionally, we fixed an iButton™ temperature logger (type DS1922L; accuracy ± 0.5 °C; Maxim Integrated™, USA) into the wall of each nest to measure nest temperature as a proxy for first use of the nest together with video surveillance using IR cameras (Conrad Electronics SE, Hirschau, Germany), and data from geolocators [49] to receive arrival dates. We investigated whether once or repeatedly tagging and/or wing length and/or body mass have an effect on arrival date using linear regression models (relation weight and wing length to arrival) and a LMM with “year” as random effect to compare arrival of logger with non-logger birds.
Breeding parameter
During each breeding season between April and August, we checked each nest every second day and tested whether logger birds differed from non-logger birds in time lag between arrival and clutch initiation (= “delta”), date of 1st egg (= “eggdate”), clutch size (= number of eggs laid), number of chicks, and number of fledglings. We also looked for sex-specific differences in all models using males and females which were no within-pair mates (with two exceptions) using LMMs (for delta and eggdate) or GLMMs with a Poisson error distribution (for clutch size, numbers of chicks and fledglings) with “year” and “nestID” as crossed random factors.
Arrival date and breeding parameter in logger birds tagged once on within-individual level
We checked whether there is an effect of tagging on individual level by comparing arrival date and breeding parameters in same individuals when they were tagged and when they were not tagged in different years. For this we used LMMs or GLMMs (with Poisson error distribution for counting data) with arrival date, date of clutch initiation, timeframe between arrival and clutch initiation, number of eggs, number of chicks, or number of fledglings as depending variable and “geo” (i.e. “tagged” or “not tagged”) as explanatory variable. “Bird’s ID” and “year” were used as random factors. According to Korner-Nievergelt [50], model assumptions for all LMMs and GLMMs were graphically assessed (e.g., normal distribution of residuals, QQ plots of residuals and random effects). Presence of overdispersion in GLMMs were checked with the function “dispersion_glmer” from the package “blmeco” [50].
Arrival date and laying date in repeatedly tagged logger birds on within-individual level
To check whether variance in arrival date and/or laying date in repeatedly tagged swifts differ between individuals from within-individuals, we conducted a repeatability analysis using data of repeatedly tagged birds. For this, we used an ANOVA-based method. We applied the function “rpt” from the R-package “rptR” for calculating confidence intervals and p-values [51, 52].
All statistical models were conducted with the software R (version 4.1.0) [53]. The level of significance was set to α = 0.05, and all average values are given as mean ± SD when not stated differently. Graphics were done with the R package “ggplot2” [54], “ggsignif” [55] and “ggpubr” [56].
Results
Return rate and logger type
In total, we tagged 85 birds within 8 years. Because we tagged some birds repeatedly, these 85 logger birds included 66 individual swifts. In total, 50 of 85 logger birds returned to the colony during the period between 2013 and 2020. On average logger birds returned with a rate of 0.61 ± 0.12  and non-logger birds returned with a rate of 0.60 ± 0.27  to the breeding site in the next year (Table 2, GLMM, estimatelogger = − 0.159 ± 0.600, Nyears of logger birds = Myears of non-logger birds = 8, z = − 0.265, P = 0.791). Looking only at birds that have been tagged the first time, 39 of 66 logger birds returned (0.59 ± 0.23, Table 2).Table 2Total number of breeding pairs per year and number and rate of returned logger and non-logger birds for each year


	Year (x)
	Logger-birds
	Non-logger birds

	Total
N oof breeding pairs
	No. of all birds tracked in year x
	No. of all tracked birds returned in year (x + 1)
	No. of birds tracked for the first time in year x
	No. of first tracked birds returned in year (x + 1)
	Return rate
	No. of birds sampled for comparison
in year x
	No. of same birds returned in year (x + 1)
	Return rate

	2012
	44
	10
	8
	10
	8
	0.8
	10
	3
	0.3

	2013
	42
	10
	7
	6
	5
	0.7
	10
	6
	0.6

	2014
	48
	10
	6
	6
	4
	0.6
	10
	4
	0.4

	2015
	47
	10
	5
	8
	4
	0.5
	10
	9
	0.9

	2016
	53
	10
	7
	5
	5
	0.7
	10
	7
	0.7

	2017
	58
	11
	6
	9
	4
	0.55
	11
	9
	0.82

	2018
	59
	19
	8
	19
	8
	0.42
	19
	17
	0.89

	2019
	60
	5
	3
	3
	1
	0.6
	5
	1
	0.2

	Sum
	 	85
	50
	66
	39
	0.61
	85
	56
	0.6




Out of the 66 logger-birds tagged first time, 16 individuals carried a logger at least for two years (12 returned in the third year ≙ 0.75). Seven of these 16 individuals were tagged in three years (5 returned in the fourth year ≙ 0.71), four individuals were tagged four times (2 returned in the fifth year ≙ 0.5) and one female was tagged five times but did not return in the sixth year.
There was neither an effect of the presence of a light stalk nor of  sex on the return rate of logger birds including repeated tagging (LMM, estimatestalk = 0.136 ± 0.503, Nlogger bird incl. repeated tagging = 94, z = 0.270, P = 0.787; estimatefemale = 0.613 ± 0.490, Nsexed logger bird incl. repeated tagging = 92, z = 1.251, P = 0.211).
Apparent survival ϕ and recapture probability p
We found three CJS models with a similar AICc as the best model (ΔAICc < 2), but none of these four models included the factor “geo” (i.e. “tagged” or “not tagged”) as grouping variable for survival ϕ. The factor “geo” together with “sex” was included by model selection for the recapture probability (model 1: ϕ(~ 1) + p(~ geo + sex), AICc = 582.23; model 2: ϕ(~ year) + p(~ geo + sex), AICc = 582.87; model 3: ϕ(~ 1) + p(~ geo), AICc = 583.05; model 4: ϕ(~ sex) + p(~ geo + sex), AICc = 584.15). Survival estimated by the best model 1 was 0.727 ± 0.021 for all birds; when considering the covariate “year” in model 2, ϕ was 0.731 ± 0.021, and when considering “sex” as grouping factor  in model 4, ϕ of females (0.719 ± 0.032) was about 2% lower than ϕ of males (0.734 ± 0.028). Recapture probability p was 1.0 ± 0.0 for untagged birds in all four models. For tagged birds, p was 0.948 ± 0.021 for both sexes in model 3 and stated 0.982 ± 0.018 for males in models 1, 2 and 4, and varied between 0.914 ± 0.036 (model 2), 0.916 ± 0.036 (model 1) and 0.917 ± 0.035 (model 4) for females, respectively.
Body weight and wing length of logger birds and non-logger-birds
We received data on body weight and wing length from 66 logger birds (31 females, 33 males, 2 unknown) during tagging in year x and from 63 non-logger birds (28 females, 34 males, 1 sex unknown). Logger birds were significantly heavier (LMM, estimatelogger = 2.173 ± 0.652, Nlogger birds = 66, Mnon-logger birds = 63, df = 128.8, t = 3.334, P = 0.001) and significantly larger in wing length (LMM, estimatelogger = 1.638 ± 0.697, Nlogger birds = 66, Mnon-logger birds = 63, df = 128.0, t = 2.351, P = 0.020) than non-logger birds (Fig. 1A, B) in the year of logger deployment. We could not detect any significant differences in body weight and wing length between returned logger birds and those logger birds which did not return (LMM, weight: estimatereturned 0.414 ± 0.844, Nreturnees = 37, Mnon-returnees = 29, df = 63.4, t = 0.491, P = 0.625; wing: estimatereturned 0.064 ± 0.998, Nreturnees = 37, Mnon-returnees = 29, df = 65.0, t = 0.064, P = 0.949). Although we set a minimum weight and wing length for logger birds, we still covered a wide range in weight and size in the species (logger birds: range in weight: 35.9–51.8 g; range in wing length: 169.0–185.5 mm).[image: ]
Fig. 1Body weight [g] (A) and wing length [mm] (B) of logger birds (blue) and non-logger birds (orange). Regression between body weight and arrival date (C) and between wing length and arrival date (D) in logger and non-logger birds. Arrival date of logger and non-logger birds (E). Black dots are outliers, i.e. values that are less or greater than 1.5 times the interquartile range


Arrival date
We received arrival dates of 101 individuals (50 females, 50 males, 1 unknown, including N = 38 logger and N = 63 non-logger birds) and detected a negative relation between body weight and arrival date (arrival = 155.7 − 0.6*weight, N = 101, R2adjusted = 0.073, P = 0.004) and between wing length and arrival date (arrival = 235.3 − 0.6*wing, N = 101, R2adjusted = 0.077, P = 0.003; Fig. 1C, D). Logger birds arrived earlier at the breeding site than non-logger birds (LMM, estimatelogger = − 3.620 ± 1.382, Nlogger- birds = 38, Mnon-logger- birds = 63, df = 95.8, t = − 2.619, P = 0.010; Fig. 1E), following the general pattern that heavier and larger birds arrived earlier at the breeding site than lighter and smaller birds.
Breeding parameter
The timeframe between arrival and starting egg laying (i.e. delta days) did not differ between logger and non-logger birds (LMM, estimatelogger = 2.089 ± 1.319, Nlogger birds = 36, Mnon-logger birds = 36, df = 55.3, t = 1.583, P = 0.119, Fig. 2A). When combining data of logger and non-logger birds, we found a strong positive relation between arrival date and the laying date of the first egg (eggdate = 61.3 + 0.6*arrival, N = 72, R2adjusted = 0.396, P < 0.001, Fig. 2B). We received data on breeding parameters recorded between 2013 and 2020 in  36 logger birds (21 females, 15 males) and 38 non-logger birds (14 females, 24 males). We did not detect any differences in breeding parameters between both groups. They started egg laying at the same time (LMM, estimatelogger = 0.172 ± 1.371, Nlogger bird = 36, Mnon-logger birds = 36, df = 61.2, t = 0.125, P = 0.901, Fig. 2C), had similar clutch sizes (GLMM, estimatelogger = − 0.043 ± 0.147, Nlogger birds = 36, Mnon-logger birds = 38, z = − 0.293, P = 0.769, Fig. 2D), a similar number of chicks (GLMM, estimatelogger = − 0.026 ± 0.165, Nlogger birds = 34, Mnon-logger birds = 38, z = − 0.160, P = 0.873, Fig. 2E), and a similar number of fledglings (GLMM, estimatelogger = 0.107 ± 0.227, Nlogger birds = 34, Mnon-logger birds = 38, z = 0.469, P = 0.639, Fig. 2F). Females and males, or rather their female mates (both logger and non-logger, no within-pair mates, with two exceptions) did not differ in date of clutch initiation (LMM, estimatefemale = 0.372 ± 1.368, N = 33 females, M = 39 males, df = 57.7, t = 0.272, P = 0.787), clutch size (GLMM, estimatefemale = -0.039 ± 0.145, N = 35 females, M = 39 males, z = − 0.271, P = 0.786), number of chicks (GLMM, estimatefemale = -0.129 ± 0.165, N = 34 females, M = 38 males, z = − 0.785, P = 0.433) and number of fledglings (GLMM, estimatefemale = − 0.086 ± 0.226, N = 34 females, M = 38 males, z = − 0.382, P = 0.703).[image: ]
Fig. 2Timeframe between arrival and clutch initiation [delta days] (A) of logger birds (blue) and non-logger birds (orange), (B) relation between arrival date and laying first egg, (C) date of clutch initiation [Day of the year], (D) clutch size, (E) number of chicks, (F) number of fledglings in logger birds and non-logger birds. Black dots are outliers, i.e. values that are less or greater than 1.5 times the interquartile range


Arrival date and breeding parameter in same birds when tagged and when not tagged
From the 16 repeatedly tracked swifts, we received breeding data of 15 of these same individuals when they were tagged and when they were not tagged for at least one year. None of the LMMs could detect any significant effect of loggers on any of the factors mentioned (Table 3).Table 3Results from LMMs (“arrival”, “eggdate” and “delta”) and from GLMM (“clutch”, “chicks”, “fledge”) testing for associations between having a logger (“geo”, df = 1) and arrival date (“arrival”), date of clutch initiation (“eggdate”), timeframe between arrival and clutch initiation (“delta”), number of eggs (“clutch”), number of chicks (“chicks”) and number of fledglings (“fledge”)


	Formula
	N
	Estimate (± SE)
	t/z-value
	P-value

	arrival ~ geo + (1 | ID) + (1 | Year)
	15
	1.657 (± 1.315)
	1.260
	0.215

	eggdate ~ geo + (1 | ID) + (1 | Year)
	15
	0.359 (± 1.450)
	0.248
	0.805

	delta ~ geo + (1 | ID) + (1 | Year)
	15
	− 0.509 (± 1.822)
	− 0.279
	0.781

	clutch ~ geo + (1 | ID) + (1 | Year)
	15
	− 0.028 (± 0.165)
	− 0.169
	0.866

	chicks ~ geo + (1 | ID) + (1 | Year)
	15
	0.120 (± 0.186)
	0.645
	0.521

	fledge ~ geo + (1 | ID) + (1 | Year)
	15
	− 0.064 (± 0.220)
	− 0.292
	0.771




We detected no significant differences in arrival date, egg laying date, time span between arrival and laying of first egg, clutch size, number of chicks and number of fledglings in these birds when they were tagged or were not tagged.
Arrival date and laying date in repeatedly tagged logger birds on within-individual level
Out of 66 logger-birds, 16 swifts were tagged at least for two years. Of these 16 common swifts, we got 31 arrival dates of the 12 tagged and returned swifts and 30 dates of clutch initiation (“eggdate”) of 11 individuals for repeatability analysis. We detected a high within-individual consistency in arrival date (arrival: N = 12, R (± SE): 0.6 ± 0.173, P < 0.001) and moderate repeatable timing in egg laying (egg date: N = 11, R (± SE): 0.34 ± 0.201, P = 0.040).
Discussion
Using a long-term data set of 66 common swifts tagged once or repeatedly and 63 non-logger birds from the same breeding colony in Germany, we detected no differences between logger and non-logger birds in different traits regarding apparent survival and life-history traits over eight years. The return rate of once tagged and repeatedly tagged logger birds did not differ from the return rate of non-logger birds, and the return rates were similar to return rates of other bird species of similar body weight or even less [17, 20, 21]. According to the capture-recapture analysis, apparent survival was similar for logger and non-logger birds and for both sexes. As the recapture probability where high (> 0.9) for logger and non-logger birds, we can assume that the determined survival of rounded 0.73 is a fairly accurate estimate for the “true” survival [57]. We received a high recapture probability because the antenna system allows an increased encounter rate of the RFID-tagged birds. In contrast to this study, Morganti et al. [25] found an effect on apparent survival in 11 different swift colonies located in Italy, Spain, or Sweden. Swifts carrying a geolocator had on average a 26.69% lower apparent survival than non-logger birds. They also detected a significant heterogeneity in return rates among sites, possibly due to site-specific recapture probabilities, which they could not control for. The method of capture might lower the apparent survival in both logger birds and non-logger birds because the number of birds that returned and were recognized, is crucial to calculate the apparent survival. In our study we compared logger-birds with non-logger birds from the same colony. Thus, we had no “colony effect”. Second, Morganti et al. [25] captured adults at their nest or adults were captured with mist nests from outside the building in front of the entrance of the nests. In our study we used our antenna system which automatically reported the presence of an individual bird when it enters the nest. Thus, with our system, we do not need to capture a bird to get the identity of that bird. That might be a reason, why our return rate is higher in logger and non-logger birds than the return rate in the colonies studied by Morganti et al.
Logger birds arrived earlier than non-logger birds at the breeding site in spring, following the general pattern with larger swifts and those heavier in body weight arriving earlier at the breeding site [16]. The timeframe between arrival and clutch initiation did not differ between logger and non-logger birds. Thus, logger birds fitted to the pattern that “early birds” started egg laying earlier (Fig. 2B). This is important, because timing of breeding is crucial for the reproductive success of a complete breeding season [58, 59]. The fact, that logger birds did not delay clutch initiation is also important in respect to another aspect. Due to technical reasons, it was necessary to recapture the logger bird between arrival and clutch initiation to retrieve the logger to download the data. Catching a bird during this time, however, might have been a major negative impact on the breeding success due to a delayed clutch initiation [60, 61] or even nest desertion in this sensitive bird, but this was not the case in our study.
Our analysis showed that logger birds, regardless of sex, were as successful in reproduction as non-logger birds in our breeding colony. We found no differences in date of clutch initiation, in number of eggs, number of chicks nor in number of fledglings. Thus, we detected no “carry-over” effects neither on a between-individual level nor on a within-individual level, i.e. investing the same individuals when they were tagged during the previous non-breeding season vs. when they were not tagged. Due to reasons for animal welfare, we set the minimum weight and wing length for logger birds. In comparison to the natural range in weight and wing length, we still covered almost the natural range in these traits in our logger birds (wing: 166–187 mm in males and 163–183 mm in females and weight: 31–56 g) [62]. To be on a safe side, we recommend ornithologist to logger only birds in good shape and a good weight to avoid negative impacts of tagging devices especially in small bird species. Our repeatability analysis showed that logger birds were highly consistent in arrival date and moderately consistent in date of clutch initiation. We detected this individual consistency in arrival date in another data set of repeatedly observed 26 males and 28 females of our long-term study of this breeding colony as well (unpublished data). Thus, logger birds exhibit similar patterns like non-logger birds. Further, high consistency in arrival at the breeding site was also found in other studies with migratory bird species [32, 34]. Therefore, we assume that common swifts have their individual timing for arriving at the breeding site and starting egg laying following their internal clock [63]. It would be interesting to check, whether the timing of arrival and egg laying exist already with the first breeding attempt or will be developed during years of breeding experience [64]. A study by Sergio et al. [36] investigated the performance in migration in black kites (Milvus migrans) during life and compared young migrants with migrants of middle age and old kites. The migratory performance was mediated by within-individual improvements and selective mortality. Kites performed gradually better with getting older. Early life stages seem to be an important phase for migration performance later on in life.
Since we have indications that common swifts do have their own timing of life [repeatability analysis, 13], we suggest that future studies should look more into traits on within-individual level rather than into between-individual differences. In another study on common swifts of this breeding colony, we could receive migration routes and overwintering sites of three males over two successive overwintering periods [13]. We found that all three males used different migration routes and overwintering areas, but each male used the same routes and regions in two successive wintering periods. This emphasizes the difference between individuals and the consistency within individuals in one trait in this species.
Although we found no negative effect of tagging once or repeatedly in swifts, tagging remains an important issue. The current loggers for small birds do not allow real-time monitoring. Thus, we can only examine logger birds that actually returned to the breeding site, but we have no information about the “non-returnees” and could only speculate whether they are dead or breed at another breeding site. It is possible that negative effects of tagging are masked by the fact that the returnees were in the better physical condition and could compensate for possible negative effects during non-breeding period and arrived at the breeding site. However, we found no difference in the body weight nor in wing length between returnees and non-returnees when they were tagged in year x.
Another study on common swifts and pallid swifts Apus pallidus revealed a reduced apparent survival on logger birds comparing to non-logger birds as their control group [25]. It seems that the weight of the logger did not influence the survival but the logger characteristics. When the logger was equipped with a light stalk, the apparent survival was lower indicating that the logger set up might have a major impact on the return rate [25]. Although our sample size was small, we took a look at the type of the logger, i.e. with or without a light stalk. We did not find any effects combined with sex as fixed effect on the return rate in logger birds. Nevertheless, the study [25] makes a significant point that it could be far more important how a logger is built and shaped rather than just focusing on weight, as aerodynamics matters a lot in birds, especially in long-distance migratory species [65].
There is still an ongoing debate about possible negative effects of tagging in birds [66]. Some studies detected negative effects especially in small bird species [67]. Small logger birds can have a lower return rate [68], or when returned, reproduction is delayed and clutches are smaller [69]. In lesser kestrels Falco naumanni tagged pairs had greater fledgling mortality in the following breeding season [70]. Thus, we should continue to investigate effects of tagging on a variety of traits, including even effects on young of tagged parents [70].
To better understand individual based decisions regarding life-history traits, we need more studies using repeatedly tracked birds [13, 14]. Although we found no differences in return rate and parameters determine breeding success in repeatedly tagged swifts in our breeding colony, further long-term studies are essential to evaluate effects of such repeatedly used techniques to get more knowledge on possible impacts on migration behaviour and reproductive success in long-distance migratory birds in general.
Conclusion
Our study confirms that common swift tagged once or repeatedly with different types of loggers has no effect on apparent survival and breeding performance in comparison to non-logger birds. Even on within-individual level, we found no difference in any breeding parameter showing that the individual behaviour did not change due to tagging once or repeatedly. Nonetheless, we encourage other scientists working with tracking devices in birds to check for any “carry-over” effects due to logging on a bird’s life.
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