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External tags fitted to diving birds can affect them in many ways with the most critical
effect being an increase in drag. The effects of transmitters can be even more acute due
to the presence of a protruding aerial. The study assesses the impact of PTT antenna on
the behaviour and energetics of device-equipped guillemots (Uria aalge) in captivity. Birds
with antenna-devices appeared to consume about 20% more energy than non-antenna
birds during the descent phase of the dive. The balance of the birds while diving or resting
on the water also appeared to be compromised by the presence of an antenna. Based on
these first results and because transmitters are one of the most common methods used to
track animals, it appears critical to determine what impact these devices, and particularly
antenna, can have on their bearers and try minimize it.
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23 Abstract 
24
25 Background. External tags fitted to diving birds can affect them in many ways with the most 
26 critical effect being an increase in drag. The effects of transmitters can be even more acute due to 
27 the presence of a protruding aerial. 
28 Methods. The study assesses the impact of PTT antenna on the behaviour and energetics of 
29 device-equipped guillemots (Uria aalge) in captivity.
30 Results. Birds with antenna-devices appeared to consume about 20% more energy than non-
31 antenna birds during the descent phase of the dive. The balance of the birds while diving or 
32 resting on the water also appeared to be compromised by the presence of an antenna. Discussion. 
33 Based on these first results and because transmitters are one of the most common methods used 
34 to track animals, it appears critical to determine what impact these devices, and particularly 
35 antenna, can have on their bearers and try minimize it.
36
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37 Introduction
38 Oil pollution at sea is a major factor influencing seabird survival (Heubeck et al., 2003; 
39 Boulinier & Riffaut, 2008) and known to impact local populations around UK (Parr, Haycock & 
40 Smith, 1997; Votier et al., 2005). Many animal welfare groups attempt to minimize mortality by 
41 rehabilitation programs where affected animals are cleaned and released. However, there has 
42 been criticism of this since there is evidence that survival of even rehabilitated birds is 
43 unacceptably low (e.g. Sharp, 1996; Goldsworthy et al., 2000). Clearly, it is critical to be able to 
44 quantify animal well-being and fate following release and this is typically currently only done 
45 using ring/recapture procedures. This suffers from sporadic and unpredictable information and 
46 typically highlights mortality because recoveries are often birds that have died and been washed 
47 ashore (Walraven, 1992; Cooke, 1997). An effort to refine this would particularly benefit from 
48 tracking studies since the speed and range of movement in tandem with the success of birds 
49 returning to normal foraging or breeding areas could be verified. The only system currently 
50 available that allows wide-ranging seabirds to be tracked and have their position relayed back to 
51 researchers uses Argos technology and PTTs (Platform Transmitter Terminals; Howey, 1992; 
52 Kenward, 2001). Indeed, this approach has been used widely to elucidate space use by non-
53 rehabilitated seabirds, particularly the larger ones such as albatrosses (e.g. Weimerskirch & 
54 Robertson, 1994; Fernández et al., 2001). However, devices attached externally to birds can 
55 affect them appreciably, for example in changing their behaviour (e.g. Wilson, Grant & Duffy, 
56 1986; Ropert-Coudert et al., 2007a), energetics (e.g. Culik & Wilson, 1991; Godfrey, Bryant & 
57 Williams, 2003) and breeding/foraging success (e.g. Taylor et al., 2001; Ackerman et al., 2004). 
58 Of particular recent concern is the effect of external antennae, which appears to compromise the 
59 swimming energetics of diving birds, with predicted substantial knock-on effects on foraging 
60 efficiency and ultimately survival (Wilson et al., 2004). Thus, before studies involving PTTs on 
61 rehabilitated seabirds are fully implemented, it is germane that the potential deleterious effects of 
62 the devices on seabird be assessed.
63 We conducted work on rehabilitated guillemots Uria aalge in captivity and examined the 
64 behaviour of birds according to whether they were equipped with dummy PTT packages with, 
65 and without, external antennae using a video surveillance system both below and above the 
66 water. In addition, in those birds equipped with dummy PTT packages, we used tri-axial 
67 accelerometers and depth transducers to help quantify behaviours more precisely. Measures of 
68 tri-axial acceleration have been shown to be very powerful for determining both behaviour (e.g. 
69 Yoda et al., 1999; Shepard & Halsey, 2008) and alluding the energy expenditure (Wilson et al., 
70 2006; Halsey et al., 2009) of equipped animals. We present our findings and consider the extent 
71 to which deployment of PTTs is currently appropriate for diving seabirds the size of guillemots 
72 for studies of rehabilitated seabirds or otherwise.
73
74
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75 Materiel & Methods
76 All work was conducted at the Royal Society for Prevention of Cruelty to Animals 
77 (RSPCA) facility at Mallydams Wood, Hastings, UK. The study was reviewed and approved by 
78 the RSPCA's Project Review Group, the Institutional Board which reviews all projects that are 
79 conducted within the wildlife centres. A total of 39 oil-affected and cleaned guillemots was 
80 housed on three external freshwater pools prior to release into the wild. All birds had been in 
81 care for at least 30 days and were scheduled for release at the time they were involved in the 
82 experimentation. For the study, 11 birds were selected and placed on a further freshwater holding 
83 tank (dimensions 7 m long x 5 m wide x 1.7 m deep) with access to land (a ledge of dimensions 
84 1.3 m x 5 m). The composition of this flock varied during the course of the work because birds 
85 were brought in from the three other holding tanks to replace animals that had been equipped 
86 with devices (see below) but which were removed from the experimental set-up after a single 
87 deployment. Thus, no individual was equipped with a device more than once and all birds on the 
88 experimental tank were equipped for the first and last time.
89 During experiments, two naïve birds at a time were equipped with devices that mimicked 
90 a small, commercially-available PTT (12 gram solar birdborne PTT, North Star Science and 
91 Technology), with a facility to add, or remove, the antenna (L: 18.5 mm, W: 0.5 mm) that 
92 constitutes part of the device and is necessary for normal functioning. The devices were attached 
93 to feathers in the dorsal mid-line of the back (cf. Bannasch, Wilson & Culik, 1994) using tape 
94 (Wilson et al., 1997) and birds were typically equipped for a number of hours (range 139-1059 
95 min) with, or without, the antenna, after which the situation was reversed (individuals previously 
96 equipped with the antenna had it removed and vice versa) for another period before the devices 
97 were removed.  The devices were either loggers with tri-axial accelerometers (range 0-6 g, 22-bit 
98 resolution, sampling rate 16 Hz; JUV Elektronik, Borstel, Germany) or ‘Daily Diaries’ (Wilson, 
99 Shepard & Liebsch, 2008); loggers which contained, among other transducers, tri-axial 

100 accelerometers coupled with depth sensors (acceleration range 0-6 g, depth range 0-5 m, 22-bit 
101 resolution, sampling rate 16 Hz; JUV Elektronik, Borstel, Germany). The attachment devices of 
102 the different types; DD’s and tri-axial accelerometers with, or without, antennae was undertaken 
103 randomly so as to preclude any systematic bias.
104 During this procedure, all birds, whether equipped with devices or not, were filmed by a 
105 splitter video system consisting of four cameras, three of which were located above the 
106 experimental pool and one of which was placed underwater. The base and sides of the pool had 
107 been marked with a 1 m grid to help in judging relative movement and calibrations of bird 
108 position were undertaken to correct for parallax error in which a life-sized model of a swimming 
109 guillemot was held at different positions underwater while filming. 
110
111 Due to inclement weather which led to poor quality video recordings, none of the filmed 
112 data was used for proper quantitative analysis although it did help to assess the behaviour of the 
113 birds visually and in correspondence with the acceleration data recorded. The acceleration data 
114 recorded by the devices were used to derive a proxy for energy expenditure, the Overall 
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115 Dynamic Body Acceleration (ODBA), following methods described in Wilson et al. (2006). In 
116 brief, this method uses a running mean (over 1s; cf. Shepard et al., 2008) on the raw data from 
117 each of the three orthogonal acceleration axes to derive the static acceleration for each channel. 
118 These static values are then subtracted from the raw values of acceleration to provide values for 
119 the dynamic acceleration of all three axes. The absolute value of all dynamic values are then 
120 summed to provide the ODBA. Dives events were identified based on the depth profile and/or 
121 tri-axial acceleration signature (Figure 1). For each dive, we extracted information about 
122 maximum depth (m) and descent duration (s) to then calculate the vertical velocity during the 
123 descent phase (m/s). The average, minimum and maximum values of ODBA during the descent 
124 were also determined from the DD data. 
125 For the statistical analysis, we differentiated between two major bird groups; (1) birds 
126 equipped with devices with antennae and (2) birds equipped with devices without antenna 
127 hereafter referred to as ‘antenna-equipped’ birds and ‘non-antenna-equipped’ birds, respectively. 
128 The diving behaviour and energy expenditure of the birds were compared between the two 
129 groups. Firstly, the relationship between the ODBA and the vertical velocity during the descent 
130 was assessed using Spearman rank correlation. ODBA statistics (mean, minimum and maximum) 
131 were then compared between the non-antenna birds and the antenna birds using a Mann-Whitney 
132 test. Finally, since visual inspection of the video footage indicated differential rolling behaviour 
133 for birds resting on the water surface according to whether they were antenna-equipped or not, 
134 we examined the frequency distribution of both the static and dynamic components of the sway 
135 acceleration (corresponding to acceleration recorded in the lateral axis). 
136

137 Results
138 The masses of equipped birds varied between 876 and 944 g and devices were deployed for 
139 periods between 139 and 1059 mins (Table 1). The removal of the units by unpeeling the Tesa 
140 tape resulted in a mean of 17 feathers being lost (sd = 9.4, range 4-34, n = 9; Table 1) per bird 
141 although not all these feathers were lost during the process of device removal, some being pulled 
142 out during the wearing period.
143
144 A total of 26 dives displayed by eight out of the 11 birds could be identified from the 
145 acceleration data and depth profile (3 birds did not dive at all during the periods they were 
146 equipped). There was no significant difference in the diving rate between the antenna- and non-
147 antenna-equipped birds (Mann Whitney z = 0.447, P > 0.05). The vertical velocity during the 
148 descent could be calculated for only 13 dives (the ones extracted from the DD loggers with the 
149 depth profile) of which 11 were from non-antenna-equipped birds (mean ± sd = 0.40 ± 0.06) and 
150 2 from antenna-equipped birds (mean ± sd = 0.37 ± 0.08) yielding no significant relationship 
151 between vertical velocity and mean ODBA (rs = 0.12, n =13, P > 0.05). However, the mean and 
152 maximum ODBA values obtained for the descent phase from all 26 dives were approximately 
153 20% higher for the antenna-equipped birds than for the non-antenna-equipped birds (Mann–
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154 Whitney z = 2.82, P = 0.003; Mann–Whitney z = 2.43, P = 0.01 respectively for mean and max 
155 ODBA, Figure 2). 
156
157 Consideration of the frequency distribution of static and dynamic sway between antenna-
158 equipped and non-antenna-equipped birds showed broadly similar patterns but statistically 
159 significant differences in peak position (Mann–Whitney z = 7.844, P < 0.001; Mann–Whitney z 
160 = 23.7, P < 0.001 respectively for static and dynamic sway, Figure 3 and Table 2). Our 
161 subjective impression from the video recordings was that the antenna-equipped birds tended to 
162 roll to a greater degree than the non-antenna-equipped birds.
163
164

165 Discussion & Conclusions
166 Radio and satellite telemetry are important tools in understanding the biology of wild animals 
167 and the use of satellite tracking, in particular, has provided substantial insights into the life and 
168 distribution of many elusive and wide-ranging species including seabirds (Burger & Shaffer, 
169 2008). The success of wildlife telemetry is, however, tempered by potential negative impacts that 
170 tracking devices can have on their bearers (Wilson & McMahon, 2006), (Vandenabeele, Wilson 
171 & Grogan, 2011). Device effects on birds range from behavioural disturbance to physical injuries 
172 (Calvo & Furness, 1992; Phillips et al., 2003; Barron, Brawn & Weatherhead, 2010) which can 
173 ultimately compromise survival (e.g. Peery et al., 2006; Steenhof et al., 2006). Ongoing research 
174 into miniaturization is allowing devices to become ever smaller and lighter, reducing potential 
175 impact (Ropert-Coudert & Wilson, 2005; Bridge et al., 2011), a process which is enhanced by 
176 consideration of device shape so as to reduce drag (Obrecht, Pennycuick & Fuller, 1988; 
177 Bannasch, Wilson & Culik, 1994; Culik, Bannasch & Wilson, 1994). In a demonstration of the 
178 importance of drag, a recent study by Pennycuick et al. (2012) showed that even the minimal 
179 cross-sectional area  of a harness increased the drag coefficient of starlings (Sturnus roseus) 
180 flying in a wind tunnel by nearly 50%. This reinforces the idea that any protuberance, even if 
181 relatively small, can disrupt air flow around a body, resulting in increased drag.  The density of 
182 water makes diving animals particularly susceptible to this, as evidenced by recent studies on 
183 penguins wearing flipper bands (Gauthier-Clerc & Le Maho, 2001; Saraux et al., 2011). 
184
185 Importantly though, and often ignored, drag is not just affected by the shape and size of the main 
186 body of transmitters but also by the attached antennae (Wanless, Harris & Morris, 1988; Wilson 
187 et al., 2004; Latty et al., 2010) and this may be partially responsible for observed impacts of 
188 PTTs on bird wearers (Phillips et al., 2003). In fact, in general, relatively few studies have 
189 documented the effects of antenna-bearing transmitters including PTTs and even fewer have 
190 specifically looked at the effect of antennae (Wanless, Harris & Morris, 1988; Wilson et al., 
191 2004). This study sought to address this important issue under controlled conditions by 
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192 examining antenna-related behavioural and energetic changes in an often satellite-tracked 
193 species, the common guillemot. 
194
195 Our study was limited by the low number of dives recorded which could not be specifically 
196 related to device effects due to lack of unequipped controls although we note that previous 
197 studies have observed this phenomenon (Ropert-Coudert et al., 2000; Ropert-Coudert et al., 
198 2007a). However, even with the low number of dives executed by equipped birds, and in 
199 accordance with the predictions made by Wilson et al. (2004) on penguin models, we found that 
200 the presence of an antenna did indeed appear to increase the energy expenditure, with a higher 
201 ODBA occurring during the descent phase of shallow dives. ODBA has been shown to be 
202 linearly related to metabolic rate for a number of species of birds (Halsey et al., 2009), including 
203 diving birds swimming underwater (Gómez Laich et al., 2011), and although lack of a calibration 
204 between VO2 and ODBA precludes us from deriving the precise increment in power associated 
205 with diving, it seems safe to conclude that antennae do increase the metabolic costs of diving 
206 auks during the descent phase of dives, even at the low descent speeds (ca. 0.4 m/s) observed in 
207 our study. Given that drag is proportional to the square of the speed (Loworn, Jones & Blake, 
208 1991; Lovvorn, Croll & Liggins, 1999) and that wild guillemots descend the water column at 
209 1.5-2 m/s (Piatt & Nettleship, 1985; Watanuki & Sato, 2008), we would expect free-living birds 
210 to experience much higher energetic costs if they maintained normal foraging patterns. Similarly, 
211 wild birds have an extended bottom phase to their dive (Croll et al., 1992; Thaxter et al., 2010), 
212 something that was not exhibited by our birds, which, being powered, would presumably also 
213 incur higher energetic costs in antenna-equipped birds. The ascent phase in guillemots is, 
214 however, passive, with birds being forced to the surface by their buoyancy (Lovvorn, Croll & 
215 Liggins, 1999) so we do not expect the power costs associated with it to increase although over 
216 long ascent phases the increased drag of antenna-equipped individuals may reduce vertical 
217 velocity and hence increase transit time.
218
219 In addition to energetic considerations, the balance of the antenna-equipped birds when diving or 
220 resting at the surface appeared to be compromised, even in the still pool in which the birds were 
221 housed, with birds exhibiting a tendency to roll more than the non-antenna-equipped birds. 
222 Balance problems have already been observed in Little penguins Eudyptula minor fitted with 
223 dorsally-mounted loggers and are presumed to increase energy expenditure as birds attempt to 
224 correct for this. (Healy et al., 2004; Chiaradia et al., 2005). We assume that such problems would 
225 be exacerbated for birds resting at the surface of an unstable ocean. Although projecting 
226 antennae normally have small mass compared to the main tag body, the farther they project from 
227 the carrier’s centre of gravity, the greater the force they exert due to the moment arm effect and 
228 we believe that our observations of increased rolling were primarily due to this. This moment 
229 arm effect may also be important underwater where the projecting antenna could act as a rudder 
230 tending to make the bird’s trajectory angle more towards the surface. Finally, we also note that 
231 antennae in moving fluid systems can sometimes be meta-stable, tending to vibrate with 
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232 movement (Weaver Jr, 1964). We do not know if this is a problem but it deserves consideration. 
233 Beyond the specifics of our study, external antennae may result in entanglement and occasionally 
234 bird mortality in passerines (Dougill et al., 2000; Hill & Elphick, 2011).
235
236 Quite how wild guillemots might respond to the increasing energy expenditure effects associated 
237 with antennae is unclear. Among the most common compensatory behaviours displayed by wild 
238 diving birds equipped with various external units are reduced swim speeds (see above), 
239 decreased dive depths and/or duration, and increased in surface pause, all of which lower 
240 foraging efficiency (Wilson, Grant & Duffy, 1986; Croll, Osmek & Bengtson, 1991; Taylor et 
241 al., 2001; Ropert-Coudert et al., 2007b). As a presumed knock-on consequence of such 
242 behaviours, reproductive success (Paredes, Jones & Boness, 2005; Whidden et al., 2007; 
243 Beaulieu et al., 2010) and survival rate can be altered (Calvo & Furness, 1992; Peery et al., 2006; 
244 Saraux et al., 2011). 
245 Given the necessity of external antennae for the proper functioning of so many VHF-dependent 
246 systems such as PTTs (Fancy et al., 1988; Mech & Barber, 2002), we accept that some 
247 researchers may regard them as a ‘necessary evil’ in some studies, but it is hard to justify if the 
248 device itself causes the bird to behave abnormally., Recommendations can be made that should 
249 reduce their deleterious effect based on our understanding of external antennae increasing drag 
250 and producing a force which tends to make birds roll more due to the moment arm effect. In both 
251 cases, the deleterious effects should be reduced with shorter antennae as well as by having 
252 antennae that are angled backwards rather than projecting perpendicularly. Where length and 
253 perpendicular projection are critical for appropriate signal transmission, antennae could be 
254 constructed to be thinner (which should decrease both drag [cf. Wilson et al. 2004] and the force 
255 developed by the moment arm) and made flexible so that as the birds swim underwater (or fly), 
256 the antennae tend to lie backwards, thus decreasing drag by having a reduced projecting cross-
257 sectional area. Indeed, it would seem appropriate in these times that are so defined by exciting 
258 technological advances in animal telemetric systems (e.g. Ropert-Coudert & Wilson, 2005), that 
259 we maintain similarly progressive views on animal well-being (Calvo & Furness, 1992, Wilson 
260 & McMahon, 2006, Vandenabeele et al., 2011). 
261

262 Acknowledgements 
263 We thank the Royal Society for Prevention of Cruelty to Animals (RSPCA) for having provided 
264 equipment and access to their facilities at the Mallydams Wildlife Centre (Hastings, UK). We are 
265 grateful to all the people who helped with the project. 

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.2035v1 | CC-BY 4.0 Open Access | rec: 10 May 2016, publ: 10 May 2016



267 References
268 Ackerman JT, Adams J, Takekawa JY, Carter HR, Whitworth DL, Newman SH, Golightly RT & 
269 Orthmeyer DL. 2004. Effects of radiotransmitters on the reproductive performance of 
270 Cassin's auklets. Wildlife Society Bulletin, 32: 1229-1241.
271 Bannasch R, Wilson RP & Culik B. 1994. Hydrodynamic aspects of design and attachment of a 
272 back-mounted device in penguins. Journal of Experimental Biology, 194: 83-96.
273 Barron D, Brawn J & Weatherhead P. 2010. Meta analysis of transmitter effects on avian 
274 behaviour and ecology. Methods in Ecology and Evolution, 1: 180-187.
275 Beaulieu M, Thierry AM, Handrich Y, Massemin S, Le Maho Y & Ancel A. 2010. Adverse 
276 effects of instrumentation in incubating Adélie penguins (Pygoscelis adeliae). Polar 
277 Biology, 33: 485-492.
278 Boulinier T & Riffaut L. 2008. What is the impact of oil pollution on seabirds? Oceanis, 30: 577-
279 598.
280 Bridge ES, Thorup K, Bowlin MS, Chilson PB, Diehl RH, Fléron RW, Hartl P, Kays R, Kelly JF 
281 & Robinson WD. 2011. Technology on the move: recent and forthcoming innovations for 
282 tracking migratory birds. Bioscience, 61: 689-698.
283 Burger AE & Shaffer SA. 2008. Perspectives in ornithology application of tracking and data-
284 logging technology in research and conservation of seabirds. Auk, 125: 253-264.
285 Calvo B & Furness R. 1992. A review of the use and the effects of marks and devices on birds. 
286 Ringing & Migration, 13: 129-151.
287 Chiaradia A, Ropert-Coudert Y, Healy M & Knott N. 2005. Finding the balance: the effect of the 
288 position of external devices on little penguins. Polar Bioscience, 18: 46–53.
289 Cooke M. 1997. Treatment and rehabilitation of oiled birds. Proceedings of the 5th International 
290 Conference Effects of Oil on Wildlife, Monterey, California.
291 Croll DA, Gaston AJ, Burger AE & Konnoff D. 1992. Foraging behavior and physiological 
292 adaptation for diving in thick-billed murres. Ecology, 73: 344-356.
293 Croll DA, Osmek SD & Bengtson JL. 1991. An effect of instrument attachment on foraging trip 
294 duration in chinstrap penguins. Condor, 93: 777-779.
295 Culik B, Bannasch R & Wilson R. 1994. External devices on penguins: how important is shape? 
296 Marine Biology, 118: 353-357.
297 Culik B & Wilson RP. 1991. Swimming energetics and performance of instrumented Adélie 
298 penguins (Pygoscelis adeliae). Journal of Experimental Biology, 158: 355-368.
299 Dougill SJ, Johnson L, Banko PC, Goltz DM, Wiley MR & Semones JD. 2000. Consequences of 
300 antenna design in telemetry studies of small passerines. Journal of Field Ornithology, 71: 
301 385-388.
302 Fancy SG, Pank LF, Douglas DC, Curby CH & Garner GW. 1988. Satellite telemetry: a new tool 
303 for wildlife research and management. U.S. Fish and Wildlife Service Resource Publication, 
304 172: 1-54.
305 Fernández P, Anderson DJ, Sievert PR & Huyvaert KP. 2001. Foraging destinations of three 
306 low‐latitude albatross (Phoebastria) species. J Zool, 254: 391-404.
307 Gauthier-Clerc M & Le Maho Y. 2001. Beyond bird marking with rings. Ardea, 89: 221-230.
308 Godfrey JD, Bryant DM & Williams MJ. 2003. Radio-telemetry increases free-living energy 
309 costs in the endangered Takahe Porphyrio mantelli. Biological Conservation, 114: 35-38.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.2035v1 | CC-BY 4.0 Open Access | rec: 10 May 2016, publ: 10 May 2016



310 Goldsworthy S, Giese M, Gales R, Brothers N & Hamill J. 2000. Effects of the Iron Baron oil 
311 spill on little penguins (Eudyptula minor). II. Post-release survival of rehabilitated oiled 
312 birds. Wildlife Research, 27: 573-582.
313 Gómez Laich A, Wilson RP, Gleiss AC, Shepard ELC & Quintana F. 2011. Use of overall 
314 dynamic body acceleration for estimating energy expenditure in cormorants:: Does 
315 locomotion in different media affect relationships? Journal of Experimental Marine Biology 
316 and Ecology, 399: 151-155.
317 Halsey L, Shepard E, Quintana F, Gomez Laich A, Green J & Wilson R. 2009. The relationship 
318 between oxygen consumption and body acceleration in a range of species. Comparative 
319 Biochemistry and Physiology Part A Molecular & Integrative Physiology, 152: 197-202.
320 Healy M, Chiaradia A, Kirkwood R & Dann P. 2004. Balance: a neglected factor when attaching 
321 external devices to penguins. Memoirs of National Institute of Polar Research Special Issue, 
322 58: 179-182.
323 Heubeck M, Camphuysen KCJ, Bao R, Humple D, Rey AS, Cadiou B, Bräger S & Thomas T. 
324 2003. Assessing the impact of major oil spills on seabird populations. Marine Pollution 
325 Bulletin, 46: 900-902.
326 Hill JM & Elphick CS. 2011. Are grassland passerines especially susceptible to negative 
327 transmitter impacts? Wildlife Society Bulletin, 35: 362-367.
328 Howey P. 1992. Tracking of birds by satellite. In: Wildlife telemetry: Remote monitoring and 
329 tracking of animals. L. Priede and S. Swift.New York, Ellis Horwood. 177-184.
330 Kenward RE. 2001. A manual for wildlife radio tagging. London, UK, Academic Press 
331 Latty CJ, Hollmén TE, Petersen MR, Powell AN & Andrews RD. 2010. Abdominally implanted 
332 transmitters with percutaneous antennas affect the dive performance of common eiders. The 
333 Condor, 112: 314-322.
334 Lovvorn JR, Croll DA & Liggins GA. 1999. Mechanical versus physiological determinants of 
335 swimming speeds in diving Brunnich's guillemots. Journal of Experimental Biology, 202: 
336 1741-1752.
337 Loworn J, Jones D & Blake R. 1991. Mechanics of underwater locomotion in diving ducks: drag, 
338 buoyancy and acceleration in a size gradient of species. Journal of Experimental Biology, 
339 159: 89-108.
340 Mech LD & Barber SM. 2002. A critique of wildlife radio-tracking and its use in national parks. 
341 A report to the US National Park Service, Fort Collins, Colorado, USA, 
342 Obrecht HH, Pennycuick CJ & Fuller MR. 1988. Wind tunnel experiments to assess the effect of 
343 back-mounted radio transmitters on bird body drag. Journal of Experimental Biology, 135: 
344 265-273.
345 Paredes R, Jones IL & Boness DJ. 2005. Reduced parental care, compensatory behaviour and 
346 reproductive costs of thick-billed murres equipped with data loggers. Animal behaviour, 69: 
347 197-208.
348 Parr SJ, Haycock RJ & Smith ME. 1997. The impact of the Sea Empress oil spill on birds of the 
349 Pembrokeshire coast and islands. Proceedings of the 1987 International Oil Spill 
350 Conference, Baltimore, Maryland, USA.
351 Peery MZ, Beissinger SR, Burkett E & Newman SH. 2006. Local survival of Marbled Murrelets 
352 in central California: roles of oceanographic processes, sex, and radiotagging. Journal of 
353 Wildlife Management, 70: 78-88.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.2035v1 | CC-BY 4.0 Open Access | rec: 10 May 2016, publ: 10 May 2016



354 Pennycuick C, Fast PLF, Ballerstädt N & Rattenborg N. 2012. The effect of an external 
355 transmitter on the drag coefficient of a bird’s body, and hence on migration range, and 
356 energy reserves after migration. Journal of Ornithology, 1-12.
357 Phillips RA, Xavier JC, Croxall JP & Burger A. 2003. Effects of satellite transmitters on 
358 albatrosses and petrels. Auk, 120: 1082-1090.
359 Piatt JF & Nettleship DN. 1985. Diving depths of four alcids. Auk, 102: 293-297.
360 Ropert-Coudert Y, Bost CA, Handrich Y, Bevan RM, Butler PJ, Woakes AJ & Le Maho Y. 
361 2000. Impact of externally attached loggers on the diving behaviour of the king penguin. 
362 Physiological and Biochemical Zoology, 73: 438-444.
363 Ropert-Coudert Y, Knott N, Chiaradia A & Kato A. 2007a. How do different data logger sizes 
364 and attachment positions affect the diving behaviour of little penguins? Deep-Sea Res Pt II, 
365 54: 415-423.
366 Ropert-Coudert Y & Wilson RP. 2005. Trends and perspectives in animal-attached remote 
367 sensing. Frontiers in Ecology and the Environment, 3: 437-444.
368 Ropert-Coudert Y, Wilson RP, Yoda K & Kato A. 2007b. Assessing performance constraints in 
369 penguins with externally-attached devices. Marine Ecology Progress Series, 333: 281-289.
370 Saraux C, Le Bohec C, Durant JM, Viblanc VA, Gauthier-Clerc M, Beaune D, Park YH, Yoccoz 
371 NG, Stenseth NC & Le Maho Y. 2011. Reliability of flipper-banded penguins as indicators 
372 of climate change. Nature, 469: 203-206.
373 Sharp BE. 1996. Post-release survival of oiled, cleaned seabirds in North America. Ibis, 138: 
374 222-228.
375 Shepard ELC & Halsey LG. 2008. Identification of animal movement patterns using tri-axial 
376 accelerometry. Endangered Species Research, 10: 47-60.
377 Shepard ELC, Wilson RP, Halsey LG, Quintana F, Laich AG, Gleiss AC, Liebsch N, Myers AE 
378 & Norman B. 2008. Derivation of body motion via appropriate smoothing of acceleration 
379 data. Aquatic Biology, 4: 235-241.
380 Steenhof K, Bates KK, Fuller MR, Kochert MN, McKinley JO & Lukacs PM. 2006. Effects of 
381 radiomarking on prairie falcons: attachment failures provide insights about survival. Wildlife 
382 Society Bulletin, 34: 116-126.
383 Taylor SS, Leonard ML, Boness DJ & Majluf P. 2001. Foraging trip duration increases for 
384 Humboldt penguins tagged with recording devices. Journal of Avian Biology, 32: 369-372.
385 Thaxter CB, Wanless S, Daunt F, Harris MP, Benvenuti S, Watanuki Y, Gremillet D & Hamer 
386 KC. 2010. Influence of wing loading on the trade-off between pursuit-diving and flight in 
387 common guillemots and razorbills. Journal of Experimental Biology, 213: 1018-1025.
388 Vandenabeele S, Wilson R & Grogan A. 2011. Tags on seabirds: how seriously are instrument-
389 induced behaviours considered? Animal Welfare, 20: 559-571.
390 Votier SC, Hatchwell BJ, Beckerman A, McCleery RH, Hunter FM, Pellatt J, Trinder M & 
391 Birkhead TR. 2005. Oil pollution and climate have wide-scale impacts on seabird 
392 demographics. Ecology Letters, 8: 1157-1164.
393 Walraven E. 1992. Rescue and rehabilitation of oiled birds: field manual. Sydney, Zoological 
394 Parks Board of New South Wales. 140.
395 Wanless S, Harris M & Morris J. 1988. The effect of radio transmitters on the behavior of 
396 common murres and razorbills during chick rearing. Condor, 816-823.
397 Watanuki Y, Niizuma Y, Geir WG, Sato K & Naito Y. 2003. Stroke and glide of wing–propelled 
398 divers: deep diving seabirds adjust surge frequency to buoyancy change with depth. 
399 Proceedings of the Royal Society Biological Sciences Series B 270: 483-488.

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.2035v1 | CC-BY 4.0 Open Access | rec: 10 May 2016, publ: 10 May 2016



400 Watanuki Y & Sato K. 2008. Dive angle, swim speed and wing stroke during shallow and deep 
401 dives in Common Murres and Rhinoceros Auklets. Ornithological Science, 7: 15-28.
402 Weaver Jr W. 1964. Criteria for design against wind-induced vibrations in antenna members. 
403 Annals of the New York Academy of Sciences, 116: 287-310.
404 Weimerskirch H & Robertson G. 1994. Satellite tracking of light-mantled sooty albatrosses. 
405 Polar Biology, 14: 123-126.
406 Whidden SE, Williams CT, Breton AR & Buck CL. 2007. Effects of transmitters on the 
407 reproductive success of tufted puffins. Journal of Field Ornithology, 78: 206-212.
408 Wilson RP, Grant WS & Duffy DC. 1986. Recording devices on free-ranging marine animals: 
409 does measurement affect foraging performance? Ecology, 67: 1091-1093.
410 Wilson RP, Kreye JM, Lucke K & Urquhart H. 2004. Antennae on transmitters on penguins: 
411 balancing energy budgets on the high wire. Journal of Experimental Biology, 207: 2649-
412 2662.
413 Wilson RP & McMahon CR. 2006. Measuring devices on wild animals: what constitutes 
414 acceptable practice? Frontiers in Ecology and the Environment, 4: 147-154.
415 Wilson RP, Pütz K, Peters G, Culik B, Scolaro JA, Charrassin JB & Ropert-Coudert Y. 1997. 
416 Long-term attachment of transmitting and recording devices to penguins and other seabirds. 
417 Wildlife Society Bulletin, 25: 101-106.
418 Wilson RP, Shepard E & Liebsch N. 2008. Prying into the intimate details of animal lives: use of 
419 a daily diary on animals. Endangered Species Research, 4: 123-137.
420 Wilson RP, White CR, Quintana F, Halsey LG, Liebsch N, Martin GR & Butler PJ. 2006. 
421 Moving towards acceleration for estimates of activity-specific metabolic rate in free-living 
422 animals: the case of the cormorant. Journal of Animal Ecology, 75: 1081-1090.
423 Yoda K, Sato K, Niizuma Y, Kurita M, Bost C, Le Maho Y & Naito Y. 1999. Precise monitoring 
424 of porpoising behaviour of Adélie penguins determined using acceleration data loggers. 
425 Journal of Experimental Biology, 202: 3121-3126.
426
427

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.2035v1 | CC-BY 4.0 Open Access | rec: 10 May 2016, publ: 10 May 2016



429

430 Figure 1. Photo of a captive guillemot fitted with a data- logger plus antenna resting at the water 
431 surface in an outdoor pool facility at the RSPCA wildlife centre, Mallydams woods, Hastings, 
432 UK.
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435 Figure 2. Example of guillemot behaviour recorded by a Daily Diary logger (Wilson et al. 
436 2008) showing the tri-axial acceleration signature during a single dive as well as washing, 
437 preening and wing-flapping.
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439 Table 1. Details about the captive guillemots their diving activity during the experiment.

440

Bird ID Treatment Mass (g) Deployment 
duration (h)

Total nb 
dives

Diving rate
(nb dives /h)

1 No antenna 944 2h30 1 0.4

2 No antenna 922 9h18 10 1.1

3 No antenna 903 1h49 2 1.1

4 No antenna 937 15h31 2 0.13

5 No antenna 876 15h31 1 0.06

6 Antenna 937 2h01 1 0.5

7 Antenna 903 15h42 7 0.45

8 Antenna 2h07 2 0.94

441
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443

444 Figure 3. Box-plots of the minimum, maximum and mean values of the Overall Dynamic 
445 Body Acceleration (ODBA, proxy for energy expenditure derived from acceleration data) 
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446 calculated for guillemots fitted with devices with and without antenna. Two different 
447 letters indicate a significant difference between the two groups (Mann-Whitney U test, see 
448 text). Acceleration unit is in g force or m/s2.

449

450 Figure 4. Frequency distribution of the static (left column) and dynamic (right column) 
451 components of the lateral acceleration (i.e. sway) recorded on guillemots fitted with devices that 
452 included, or not, an antenna. The static sway informs about the posture whereas the dynamic 
453 sway indicates movement. The difference between antenna-equipped birds and non-antenna-
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454 equipped graphically represented at the bottom row appeared significant (see text and Table 2 for 
455 details).
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457 Table 2. Statistics for the static and dynamic components of sway (i.e. lateral acceleration) 
458 calculated for birds equipped with devices but no antenna or devices with antenna. This is to 
459 look at the difference in rolling behaviour between the two groups of birds during periods of 
460 motion (dynamic sway) and resting (static sway).

461

462

463

464

465

466

467

468

469
470 Note: Acceleration unit is in g force or m/s2.
471

Treatment Acceleration 
component Mean Standard 

deviation Minimum Median Maximum

Static Sway 
(g) 0.35 0.18 0.00 0.34 1.35Non-

antenna 
equipped 
birds Dynamic 

Sway (g) 0.09 0.18 0.00 0.04 2.99

Static Sway 
(g) 0.38 0.23 0.00 0.33 1.37Antenna-

equipped 
birds Dynamic 

Sway (g) 0.11 0.21 0.00 0.05 3.03
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