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23

24 Although many penguin species migrate during the non-breeding period, Gentoo Penguins 

25 (Pygoscelis papua) are year-round residents. Despite being characterised as inshore feeders, the at-

26 sea spatial usage of Gentoo Penguins during the non-breeding period, when central place foraging 

27 constraints are relaxed, is poorly understood. Here, we tracked the movements of Gentoo Penguins 

28 from five breeding colonies at the Falkland Islands, globally one of the largest Gentoo Penguin 

29 breeding populations. Gentoo Penguin movement patterns during the non-breeding period were 

30 complex, which likely reflects a high degree of foraging plasticity. Specifically, considerable individual 

31 variation existed in foraging trip distance, duration and fidelity to deployment location. For example, 

32 maximum foraging trip distance for individual penguins ranged from 64 km to 600 km from colony 

33 location (or 480 km from the nearest point on land), while maximum foraging trip duration ranged 

34 from 5.7 to 24.8 days.  Gentoo Penguin foraging trip distance and duration at the Falkland Islands far 

35 exceeded that reported at other locations during the non-breeding period, and challenges the 

36 inshore, diurnal feeding stereotype. Gentoo Penguins also frequently moved between breeding 

37 colonies within the Falkland Islands archipelago, but typically returned to their respective colonies, 

38 although not necessarily on consecutive foraging trips. Extended movements highlight Gentoo 

39 Penguin breeding dispersal capability, which might play a crucial role in population dynamics and 

40 gene flow.

41

42 Key words: Non-breeding period, Philopatry, Colony segregation, breeding dispersal, Patagonian 

43 Shelf
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44 Understanding spatial patterns in seabird distribution during the non-breeding period is a 

45 fundamental goal in seabird ecology and conservation because conditions experienced during the 

46 non-breeding period can have profound long-term effects on seabird survival and breeding 

47 performance (Williams & Rodwell 1992, Hinke et al. 2007, Harrison et al. 2011). While some seabird 

48 species migrate during the non-breeding period, generally considered an adaptive response to 

49 seasonal changes in productivity and resource availability, other species are resident year-round 

50 (Croxall & Davis 1999). Resident species inhabiting temperate and polar regions typically face 

51 changes in resource availability, reduced day length and an increase in storm frequency that can 

52 influence state-dependent survival probability and breeding phenology (Daunt et al. 2006). In 

53 addition, factors such as fidelity to breeding colonies and colony segregation in foraging areas during 

54 the non-breeding period, may shape the spatial ecology of resident seabirds (Bolton et al. 2019). 

55 Hence, quantifying the at-sea movements and spatial usage of seabirds during the non-breeding 

56 period, and multi-colony studies that examine segregation, may provide insights into factors that 

57 influence population processes and spatial patterns in the distribution of resident seabirds. 

58 Gentoo Penguins (Pygoscelis papua) are year-round residents with a wide latitudinal range, 

59 breeding between 46-65°S (Bost & Jouventin 1990). They are characterized as inshore feeders, 

60 because multi-day foraging trips are relatively rare, and foraging trips are typically within 30 km of 

61 breeding colonies (Williams et al. 1992, Croxall & Davis 1999). However, Gentoo Penguins often 

62 breed in sympatry with migratory penguin species. For example, at the Falkland Islands, Gentoo 

63 Penguins (Pygoscelis p. papua) are present year-round, while sympatric breeding Magellanic 

64 (Spheniscus magellanicus) and Southern Rockhopper Penguins (Eudyptes chrysocome chrysocome) 

65 migrate distances of > 1000 km during the winter non-breeding period (Pütz et al. 2000, Clausen & 

66 Pütz 2003, Ratcliffe et al. 2014). This dichotomy highlights that Gentoo Penguins must contend with 

67 seasonal changes in resource availability, which could profoundly influence habitat use and survival 

68 (e.g., seasonal variability in the abundance and composition of Gentoo Penguin prey around the 

69 Falklands, such as seasonal spawning and feeding migrations of Falkland Herring (Sprattus fugensis) 

70 and Patagonian Squid (Doryteuthis gahi)) (Arkhipkin et al. 2012, Handley et al. 2017). Yet, while A
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71 penguin migration has been the focus of considerable research effort at the Falkland Islands (e.g., 

72 Pütz et al. 2002; Clausen and Pütz d2003; Ratcliffe et al. 2014), little is known about the at-sea 

73 movements of Gentoo Penguins during the non-breeding period. This is surprising given that the 

74 number of Gentoo Penguin breeding pairs at the Falkland Islands accounts for roughly one third of 

75 the global population, and because large inter-annual fluctuations in the number of breeding pairs at 

76 the Falkland Islands is thought to be mediated by conditions experienced during the winter non-

77 breeding period (Baylis et al. 2012, 2013). 

78 Here, we focus on the non-breeding movements of Gentoo Penguins at the Falkland Islands. 

79 The only study at the Falkland Islands to track Gentoo Penguins over the non-breeding period 

80 reports that Gentoo Penguins have the potential to range widely (only two individuals tracked with a 

81 maximum distance of 276 km), which is broadly consistent with movements during the non-breeding 

82 period at other locations (e.g., South Georgia and Antarctica) (Tanton et al. 2004, Clausen et al. 

83 2005, Hinke et al. 2017). With this in mind, and given that Gentoo Penguins are free from central 

84 place foraging constraints during the non-breeding period, we predicted that Gentoo Penguins 

85 would have extended foraging trips comparative to summer, when foraging trip durations are 

86 restricted by the need to provision nutritionally dependant offspring. Furthermore, intraspecific 

87 competition during the non-breeding period could be reduced by spatial segregation between 

88 colonies, whereby individuals forage within spatially discrete colony home ranges – a result of 

89 density dependent competition (Cairns 1989, Ratcliffe et al. 2014, Bolton et al. 2019). Although 

90 inter-colony differences in foraging movements during the non-breeding period are poorly 

91 understood, high levels of Gentoo Penguin natal philopatry and nest-site fidelity could further re-

92 enforce spatially discrete colony home ranges, even when central place foraging restrictions are 

93 lifted (Williams & Rodwell 1992, Ratcliffe et al. 2014, Levy et al. 2016). Hence, we also predicted that 

94 intraspecific competition could be mediated by colony segregation in foraging areas during the non-

95 breeding period. We tested our two predictions, (1) extended foraging trips and (2) colony 

96 segregation of foraging areas, by tracking Gentoo Penguins from five colonies during the non-

97 breeding period, and quantifying at-sea spatial usage.A
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98

99 METHODS

100 Study sites and tag deployment

101 Gentoo Penguins breed at 87 sites around the Falkland Islands (Fig 1). Our study focussed on five 

102 breeding colonies (four sites on East Falkland and one site on West Falkland), which were selected 

103 based on ease of winter access and were roughly evenly spaced around the coast (Fig 1). Colony size 

104 ranged from 600 breeding pairs at Berthas Beach to 7,000 breeding pairs at Pebble Island (Baylis et 

105 al. 2013). Gentoo Penguins were captured at random, by hand or in a hoop net and manually 

106 restrained. Penguins were weighed using a 10 kg spring scale and a drop of blood taken by tarsus 

107 venepuncture for sex determination. Satellite tags (Wildlife Computer SPOT 275B 86 x 17 x 18 mm 

108 and 38 g or 0.5% to 0.7 % of body mass) were attached to back feathers using Tesa® tape (4651) and 

109 cyanoacrylate glue (Loctite®401). Tags were positioned midline on the lower back to minimize drag 

110 (Lescroël & Bost 2005). We used tags that were curved to better align with the body contour of 

111 penguins, and shaped to reduce hydrodynamic drag. Other studies that have used similar sized 

112 devices report no significant effect on Gentoo Penguin behaviour (Lescroël & Bost 2005, Kokubun et 

113 al. 2010, Ratcliffe et al. 2018).  Anticipated battery life was approximately three months and satellite 

114 tags had a 45 second repetition rate. Tags were not recovered, but were assumed to have fallen off 

115 during the annual moult in March. Fieldwork was undertaken at all five sites in June 2015. However, 

116 five penguins were also tracked from Berthas Beach in June 2014 using KiwiSat K2G 172A satellite 

117 tags (weight was 98 g or an average of 1.4 % of body mass). Unfortunately, data exploration 

118 revealed that satellite tags were duty cycled (24 hours off) in 2014. We excluded three of these 

119 penguins from our analysis because location data were missing over much of the sampling period 

120 and no foraging trips were identified. Consequently, our analysis integrates data from only two of 

121 the five penguins tracked in 2014. Satellite tags were not duty cycled in 2015. 

122 Data analysis

123 Identification of foraging tripsA
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124 A summary of our Gentoo Penguin data is published as part of a larger study that explores multi-

125 species overlap on the Patagonian Shelf (Baylis et al. 2019). Our analysis of location data follows the 

126 methods detailed in Baylis et al. (2019). Long temporal gaps in location data were frequent, which 

127 made foraging trip delineation challenging (average time between locations was 3.3 ± 1.3 hours).  

128 Due to temporal gaps in location data, we could not reliably identify foraging trips of short distance. 

129 Therefore, we limited our analysis to foraging trips > 4 km from land (i.e., foraging trips of > 1.5 

130 hours in duration, based on a conservative mean swim speed of 1.7 m/s). When large temporal gaps 

131 between consecutive locations existed, we used a swim speed of 1.7 m/s to test whether penguins 

132 could have return to the closest point on land between consecutive at-sea locations (Baylis et al. 

133 2019). Typically, only multi-day foraging trips were identified. Accordingly, our trip metrics are 

134 biased toward longer foraging trips. 

135 We projected foraging trip location data into Lambert Azimuthal Equal Area projection prior 

136 to analysis (Baylis et al. 2019). To remove location outliers, ARGOS data were first speed filtered (3 

137 m/s) using the R package ‘Argosfilter’ (Freitas et al. 2008, Baylis et al. 2018). To more accurately 

138 estimate the locations of each ARGOS-tracked penguin, we then fitted a continuous-time correlated 

139 random walk model, implemented through the R package ‘crawl’ (v2.1.1) (Johnson et al. 2008, Baylis 

140 et al. 2019). The model accounted for the six classes of ARGOS location error (3,2,1,0,A,B) and 

141 estimated a best-fit track, with locations predicted hourly along the track. 

142

143 Colony differences

144 To assess colony differences in foraging trip metrics, we defined maximum foraging trip distance 

145 (km) from the trip start location, and duration (days). We also extracted bathymetric depth (30 arc-

146 second gridded bathymetric data - GEBCO_2014 Grid) for each foraging trip location because 

147 Gentoo Penguin diet at the Falkland Islands during summer is related to bathymetry surrounding 

148 breeding colonies, implying bathymetry could influence spatial usage (Handley et al. 2017). To test 

149 whether colonies differed in foraging trip distance (log transformed), duration and bathymetry, we A
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150 used Linear Mixed Effects Models (LME) implemented using the R package lme4 (Bates et al. 2015). 

151 Individual was included as a random effect, and season (winter [June -Aug) and spring [Sept – Oct]) 

152 as a covariate. Model validation was performed by plotting Pearson’s residuals and fitted values and 

153 post hoc multiple comparison tests were performed using Tukey’s pairwise comparisons (R package 

154 multicomp). In addition, we tested for sex and mass differences in foraging trip metrics using 

155 Kruskal-Wallis rank sum tests, given these factors influenced the foraging behavior of Gentoo 

156 Penguins at other breeding locations (Lescroël et al. 2009).  

157 To summarize the distribution of Gentoo Penguins at-sea, we used the R package 

158 adehabitatHR to estimate colony utilization distributions (UDs) (Calenge 2006). Specifically, for each 

159 penguin we calculated the kernel density of locations, using bathymetry as a mask to prevent UDs 

160 being extended over land (Baylis et al. 2019). We then standardized individual UDs and combined 

161 individual UDs by breeding colony to create colony-level UDs (Baylis et al. 2019). Berthas Beach 

162 tracking data for 2014 and 2015 was pooled due to small sample size and given maximum distance 

163 travelled was similar between years (Table 1). The kernel smoothing parameter h was defined as the 

164 mean area-restricted search scale, which was calculated using First Passage Time analysis (fpt 

165 function in the R package adehabitatLT) for each colony (Calenge 2006, Lascelles et al. 2016, Baylis 

166 et al. 2019). To assess colony differences in the at-sea distribution of Gentoo Penguins, we 

167 quantified overlap between colonies using the 50 % UD (core areas used) and the Bhattacharyya’s 

168 affinity (BA) (Fieberg & Kochanny 2005). Values range from zero (no overlap) to 1 (identical UDs). 

169

170 Movement patterns 

171 Given our foraging trip definition was conservative, temporal gaps between foraging trips were 

172 common. To assess movement patterns for periods when foraging trips were not identified, we used 

173 raw (rather than interpolated) location data. For each day, we calculated the mean distance from 

174 the deployment colony and defined whether penguins were within 10 km of the colony (classed as 

175 being near colony area), within 30 km of the colony (classed as local movements), between 30 and A
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176 100 km (classed as regional movements) or > 100 km (classed as long distance movements, but 

177 differ from foraging trips in that locations were close to land, but far from the deployment colony). 

178 These categories were arbitrary, but were informed by the non-breeding movements of Gentoo 

179 Penguins reported elsewhere (Tanton et al. 2004, Clausen et al. 2005, Hinke et al. 2017). Finally, we 

180 used the departure and return times from foraging trips (see methods above) to identify discrete 

181 foraging trip periods. To visualize movement over the entire deployment period (June to October), 

182 we plotted movement categories. However, we did not analyze movement patterns because of 

183 small sample sizes when taking into account the short deployment duration for some individuals. 

184

185 RESULTS 

186 In total, 27 penguins (20 males, 7 females) were successfully tracked from five breeding colonies 

187 (Table 1). The duration over which satellite tags transmitted was variable (108 ± 39 days, range 18-

188 141 days), and often (6 of 27 penguins, or 22 %) less than the anticipated 3 months. In particular, 

189 deployment durations of < 1 month for two penguins at Cow Bay (GNT-BB-01 & GNT-BB-05) implied 

190 death or tag failure (Fig. 2). 

191

192 Foraging trips and colony differences

193 In total, 155 foraging trips from 25 penguins were identified (Table 1, Fig. 3). We were unable to 

194 identify foraging trips for two Gentoo Penguins tracked in 2015 (GNE-BB-07 and GNT-BB-08), one of 

195 which had only locations from near the breeding colony for the entire deployment period, while the 

196 other dispersed, but remained within close proximity to land (Fig. 2). The majority of foraging trips 

197 started and ended at the deployment location (67 %), while 77 % of trips started and 74 % ended at 

198 the deployment location, although considerable individual variation existed (Table 1). Maximum 

199 foraging trip distance ranged from 64 to 600 km from the trip start location (max distance from the 

200 coastline was 480 km), while maximum foraging trip duration ranged from 5.7 to 24.8 days (Table 1, A
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201 Fig. 3). Foraging trip distance differed significantly between colonies (LME F4,20 = 7.6, P < 0.001) and 

202 Tukey post-hoc tests revealed that penguins at Bleaker Island had shorter foraging trip distances 

203 when compared to all other colonies tracked, with the exception of Cape Dolphin (Z = -4.6 to -3.8, P 

204 < 0.01). However, considerable individual variation in maximum distance travelled existed, with low 

205 repeatability (0.35 [CI = 0.14, 0.55], inferred from model variance components) and colony only 

206 explaining 26 % of variation based on R2 estimation. Differences in foraging trip duration and 

207 bathymetric depth between colonies were not statistically significant (P > 0.05 for all combinations). 

208 The latter reflects foraging trips being widely dispersed, but restricted to the Patagonian Shelf (mean 

209 bathymetric depth 152 ± 21 m) (Table 1). The relationship between mass and sex, and the effect of 

210 mass and sex on foraging trip metrics were also not statistically significant (Kruskal-Wallis rank sum 

211 test, P > 0.05 for all combinations) (Table 1).

212 Adjacent colonies overlapped in core (50 % UD) areas used (Berthas Beach and Cow Bay BA = 

213 0.52, Cow Bay and Cape Dolphin BA = 0.54, Cape Dolphin and Pebble Island BA = 0.62) (Fig. 3). The 

214 exception being Bleaker Island, which had little overlap with other colonies tracked (BA range = 0.11 

215 – 0.21; Fig. 3). 

216

217 Movement patterns 

218 The majority (85 %) of Gentoo Penguins returned to their deployment colony throughout the non-

219 breeding period, although not necessarily after each foraging trip (Table 1, Fig. 2). Three penguins 

220 did not return to the deployment location, moving to other colonies > 100 km from the deployment 

221 location (GNT-BB-08, GNT-CB-03 and GNT-PBI-04) (Fig. 2). Regional movements between foraging 

222 trips were common, with 78 % (21 of the 27 penguins) visiting other colonies (Fig. 2). Penguins 

223 tracked from Berthas Beach and Bleaker Island had large temporal gaps between foraging trips. 

224 Based on mean daily distance from the deployment colony, penguins from these sites typically 

225 remained within 30 km of the deployment location during periods where foraging trips could not be 

226 identified, implying they foraged nearshore (Fig. 2). Penguins tracked from Berthas Beach and A
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227 Bleaker Island typically remained within 10 km of the colony by early October, which could coincide 

228 with the onset of breeding. Egg-laying is asynchronous between Gentoo Penguin colonies at the 

229 Falkland Islands which could explain why this pattern was not evident at the other colonies (Fig. 2).

230

231 DISCUSSION

232 During the non-breeding period, Gentoo Penguin movement patterns were complex, but broadly we 

233 found (1) individual and (2) colony differences in foraging trip distance, duration and core areas 

234 used, and (3) long distance movements that might reflect dispersal. Specifically, while most penguins 

235 frequently returned to their respective deployment colonies during the non-breeding period 

236 (presumed to be the breeding colony of penguins tracked), considerable individual variation existed 

237 in foraging trip distance, duration and time spent within proximity to colonies. For example, 

238 individual maximum foraging trip distance ranged from 64 km to 600 km, which presumably reflects 

239 a high degree of individual foraging plasticity, consistent with dietary studies during the breeding 

240 season that highlight individual and colony differences in diet (Handley et al. 2017). There was little 

241 evidence to support sex differences in non-breeding movements. However, other intrinsic factors 

242 such as age and status (e.g., successful breeders or non-breeders), could have contributed to the 

243 individual differences that we report, but unfortunately were not known for the penguins tracked 

244 (Greenwood 1980). In addition to individual differences, colony differences were also evident, in 

245 particular, Gentoo Penguins at Bleaker Island travelled shorter distances than at other sites and had 

246 discrete colony foraging areas. Lastly, Gentoo Penguins also performed long distance movements (> 

247 100 km) and visited other breeding colonies within the archipelago. These movements highlight 

248 dispersal capability between breeding seasons (termed breeding dispersal), which in turn, could play 

249 a major role in population regulation and might help to explain similar allele frequencies and genetic 

250 diversity across Gentoo Penguin breeding colonies at the Falkland Islands (Greenwood 1980, Levy et 

251 al. 2016). Factors that promote breeding dispersal include adverse environmental conditions, age, 

252 prior breeding success, predation risk or quality of nesting sites (Greenwood & Harvey 1982, Dugger 

253 et al. 2010). Hence, the intrinsic and extrinsic (environmental) factors that influence Gentoo Penguin A
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254 movements during the non-breeding period are likely subtle and complex, but the effect of age, 

255 prior breeding success and sex (through a more balanced design), could be further explored in future 

256 studies. 

257 Maximum foraging trip distance and duration from deployment location was over seven 

258 times greater than the 79 km and 3.1 days recorded during the breeding period (Handley 2017, 

259 Baylis et al. 2019). Although foraging trip metrics were biased toward longer foraging trips, extended 

260 foraging trips during the non-breeding period are broadly consistent with the movement patterns 

261 described for Gentoo Penguins at other breeding locations, and other colonial breeding seabird 

262 species that are resident year-round (Wilson et al. 1998, Daunt et al. 2006, Baylis et al. 2019). For 

263 example, Gentoo Penguins breeding at the Antarctic peninsula increase foraging trip distance during 

264 the non-breeding period, while in European Shags Phalacrocorax aristotelis, an increase in foraging 

265 time and effort during the winter are linked to changes in day length and the availability of preferred 

266 prey (Wilson et al. 1998, Daunt et al. 2006). In addition, Gentoo Penguin non-breeding foraging trip 

267 distances and durations at the Falkland Islands far exceeded that reported for other locations (e.g., 

268 maximum distance during the non-breeding period was 180 km at South Georgia and 260 km at the 

269 Antarctic Peninsula) (Wilson et al. 1998, Croxall & Davis 1999, Tanton et al. 2004). Foraging trip 

270 durations of > 20 days that we report are particularly extraordinary, given at other breeding 

271 locations such as South Georgia, Gentoo Penguins continue to undertake day trips during the non-

272 breeding period (Tanton et al. 2004, Hinke & Trivelpiece 2011). Indeed, Gentoo Penguins are 

273 characterized as diurnal foragers, with foraging success thought to be light dependent – the 

274 exception being Gentoo Penguins at the Falkland Islands and Kerguelen that forage both day and 

275 night (Williams et al. 1992, Lescroël & Bost 2005, Masello et al. 2010, Hinke & Trivelpiece 2011). Our 

276 findings provide a new perspective to Gentoo Penguin movement ecology and overwhelming 

277 evidence to challenge the inshore, diurnal feeding stereotype (Croxall & Davis 1999). Given dives 

278 during night hours can be an important component of foraging time budgets in other diving 

279 seabirds, and especially for high latitude species, future studies could address diel foraging patterns 

280 during the non-breeding period by quantifying diving behaviour (Gremillet et al. 2005, Regular et al. A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

281 2011). Intuitively, the extended foraging trips exhibited by some penguins comparative to the 

282 breeding season reflects the removal of central place foraging constraints during the non-breeding 

283 period and favorable foraging areas beyond the range of trips during the breeding season (Thiebot 

284 et al. 2011). While differences in foraging trip duration between breeding locations (e.g., Falkland 

285 Islands and South Georgia), are likely  related to local conditions(e.g., differences in oceanography, 

286 the distribution of preferred prey, and continental shelf size surrounding breeding locations) 

287 (Lescroël & Bost 2005). 

288 Externally attached devices can increase foraging trip duration through increased drag and 

289 weight, which raises ethical concerns regarding animal welfare and can bias data collected (Hull 

290 1997). Unfortunately, we do not know whether Gentoo Penguin foraging trips were influenced by 

291 the tags used, because it was not feasible to include a control group to test for device effects. 

292 However, in other Gentoo Penguin studies that used devices of similar weight, dimensions and 

293 placement on the body, foraging trip duration did not differ significantly when comparing penguins 

294 carrying devices with a control group (Lescroël & Bost 2005, Kokubun et al. 2010, Ratcliffe et al. 

295 2018). Accordingly, we assume that the satellite tags used did not substantially alter Gentoo Penguin 

296 behaviour. Future studies could use miniaturized loggers (e.g., time-depth recorders) to test for the 

297 effects of larger devices on Gentoo Penguin behaviour during the non-breeding period (Kokubun et 

298 al. 2010, Ratcliffe et al. 2018).

299 Although Gentoo Penguins broadly foraged within colony specific areas, contrary to our 

300 expectations, colony overlap existed between core at-sea areas used. We acknowledge that our 

301 colony level estimation of at-sea distribution is complicated by our foraging trip definition, and 

302 uncertainty with regard to the origin of some penguins tracked. Specifically, trips of short distance 

303 and duration were not captured, and it was plausible that some penguins captured were transient, 

304 given the percent of foraging trips that returned to the deployment location was low for some 

305 penguins tracked. In addition, we only tracked 6 % of breeding colonies within the Falklands 

306 archipelago, with 6 to 9 non-tracked colonies located between each of our study colonies, implying 

307 overlap was high between adjacent colonies (although niches may be partitioned along other A
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308 dimensions, such as depth or diet) (Ratcliffe et al. 2018). Despite these limitations and uncertainties, 

309 Gentoo Penguins frequently returned to their deployment location (Table 1), implying a degree of 

310 fidelity to breeding colonies during the non-breeding period. In light of the extended distances 

311 travelled, and constraints associated with the available habitat (defined here as the Patagonian 

312 Shelf), Gentoo Penguins from different colonies might be expected to intermingle in the most 

313 profitable habitats during the non-breeding period, which are likely associated with shelf-break 

314 fronts (regions of enhanced productivity and biological activity) (Arkhipkin et al. 2013). While overly 

315 simplified, this hypothesis is appealing if resources around breeding colonies are reduced during the 

316 non-breeding season (i.e., the halo effect) and assuming Gentoo Penguins preferentially foraged in 

317 areas where prey was abundant and predictable (Ashmole 1963, Charrassin & Bost 2001). In 

318 addition, the general northwest arc of many foraging trips is consistent with the northward flowing 

319 Falklands Current, which might act as a directional cue or facilitate travel to foraging areas, as is 

320 postulated for the winter movements of King Penguins (Aptenodytes patagonicus) breeding at the 

321 Falklands (Baylis et al. 2015). However, it is unclear why Gentoo Penguins at Bleaker Island did not 

322 follow this pattern, and did not overlap with other colonies in core areas used. One hypothesis is 

323 that colony differences in distance travelled, specifically shorter foraging trips at Bleaker Island, 

324 might reflect differences in the proximity of colonies to the Patagonian Shelf edge, which in turn 

325 influenced at-sea spatial usage. For example, in other Pygoscelid penguins, the bearing and distance 

326 of breeding colonies to the nearest accessible shelf-edge predicts summer at-sea spatial usage 

327 (Trathan et al. 2018). At the Falkland Islands, Gentoo Penguin foraging trips were restricted to the 

328 Patagonian Shelf, as is reported for several other marine higher predators at the Falkland Islands, 

329 and for Gentoo Penguins at other breeding locations (Tanton et al. 2004, Baylis et al. 2016, 2019, 

330 Augé et al. 2018). This presumably reflects the distribution of preferred prey being an order of 

331 magnitude more abundant on the Patagonian Shelf and slope (e.g., Falkland Herring and Rock Cod 

332 (Patagonotothen ramsayi) when compared to oceanic waters (Arkhipkin et al. 2013, Handley et al. 

333 2017). Hence, the proximity of Bleaker Island to the Patagonian Shelf edge may help to explain 

334 colony differences in core at-sea areas used. However, this hypothesis fails to explain the at-sea 

335 spatial usage of Gentoo Penguins tracked from Berthas Beach, which was located a similar distance A
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336 to the Patagonian Shelf edge (Fig 3). Presumably resources in the waters adjacent to Bleaker Island 

337 were sufficient and Gentoo Penguins that were site faithful could have benefited through familiarity 

338 with resources – plausible given colony differences in Gentoo Penguin diet at the Falkland Islands 

339 can be profound, albeit during summer months (Handley et al. 2017).

340 Finally, penguins comprise a large component of the Southern Ocean avian biomass and are 

341 often regarded as sentinels of ecosystem change because demographic rates correlate with 

342 environmental conditions (Forcada et al. 2006). Within Gentoo Penguins, cues for the onset of 

343 breeding is hypothesized to be related to food availability at other breeding locations where 

344 asynchronous breeding is reported (Tanton et al. 2004). This hypothesis is appealing because Gentoo 

345 Penguin pre-breeding body condition is correlated with breeding success at the Falkland Islands 

346 (Huin 2005). How diet and spatial usage relate to the timing of breeding and breeding success could 

347 be resolved at the Falkland Islands through dietary studies at select breeding colonies during the 

348 non-breeding period, in combination with a more comprehensive biologging effort that would 

349 ideally test for device effects, and use higher resolution tags. In turn, this would provide the baseline 

350 data required to assess how Gentoo Penguins can be used as ecosystem sentinels at the Falkland 

351 Islands and may provide insights into the dichotomy between resident and migratory species.

352
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Table 1: Foraging trip metrics for 25 Gentoo Penguins successfully tracked from five breeding colonies at the Falkland Islands during the non-breeding 

period. 

Colony Bird ID Sex
Mass 

(kg)

Number 

of trips 

Trips 

returning to 

deployment 

location (%)

Max 

distance 

(km)

Mean 

distance 

(km)

Bathymetry 

(m)

Max 

duration 

(d)

Mean duration 

(d) 

Berthas 

Beach
GNT-BB-04 M 6.8 5 80 305 168 ± 89 177 18.4 11.6 ± 3.3

 GNT-BB-05 M 7.1 7 43 205 104 ± 58 118 10.0 6.2 ± 2.8

 GNT-BB-06 M 6.6 3 33 196 116 ± 50 137 7.1 5.2 ± 1.5

 GNT-BB-09 M 6.0 6 33 314 193 ± 67 183 13.8 11 ± 3.9

 GNT-BB-10 M 6.2 3 33 216 139 62 148 11.8 7.2 ± 4.6

 mean  
6.5 ± 

0.4
5 ± 2 44 ± 20 247 ± 57 144 ± 37 153 ± 27 12.2 ± 4.2 8.2 ± 2.9

Bleaker 

Island
GNT-BKI-01 M 6.5 3 100 77 57 ± 17 145 7.8 6.8 ± 2.6

GNT-BKI-02 M 7.2 10 100 64 39 ± 15 135 3.9 3.3 ± 0.6

GNT-BKI-03 M 7.3 15 100 96 50 ± 20 182 8.8 4.4 ± 1.9

GNT-BKI-04 M 6.8 4 75 600 212 ± 208 138 18.8 7.6 ± 4.8
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GNT-BKI-05 F 6.6 7 57 293 133 ± 91 158 10.8 5.7 ± 3.9

mean
6.9 ± 

0.4
8 ± 5 86 ± 20 226 ± 229 98 ± 74 152 ± 19 10.0 ± 5.5 5.6 ± 1.7

Cape 

Dolphin
 GNT-CD-01 F 6.3 9 100 130 67 ± 33 131 6.8 5.7 ± 2.1

 GNT-CD-02 M 6.5 9 67 365 127 ± 78 169 17.7 9 ± 4.2

 GNT-CD-03 M 6.8 9 56 278 124 ± 54 177 13.8 10 ± 2.4

 GNT-CD-04 M 6.8 15 100 171 67 ± 34 147 7.2 5.2 ± 2.3

 GNT-CD-05 M 6.6 6 83 196 91 ± 42 164 20.8 8.9 ± 4.1

 mean  
6.6 ± 

0.2
10 ± 3 81 ± 20 228 ± 94 95 ± 29 158 ± 18 13.3  ± 6.2 7.8 ± 2.2

Cow 

Bay
GNT-CB-01 F 6.6 1 0 142 - 136 5.7 -

GNT-CB-02 M 6.8 6 17 573 204 ± 143 175 24.8 15.3 ± 7.7

GNT-CB-03 F 5.5 7 14 482 300 ± 124 151 13.8 9.5 ± 3.7

GNT-CB-04 F 6.5 5 100 188 91 ± 47 140 9.0 5.9 ± 1.8

GNT-CB-05 M 6.6 1 0 124 - 117 6.8 -

mean
6.4 ± 

0.5
4 ± 3 26 ± 42 302 ± 210 151 ± 99 144 ± 21 12.0 ± 7.8 8.6 ± 4.0

Pebble 

Island
GNT-PBI-01 F 6.0 6 50 146 86 ± 23 150 21.8 13.5 ± 3.6
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 GNT-PBI-02 M 6.3 1 0 179 - 118 7.8  -

 GNT-PBI-03 M 6.8 8 100 467 131 ± 113 174 22.8 9.7 ± 2.4

 GNT-PBI-04 M 6.0 6 0 392 225 ± 102 146 16.8 14.4 ± 2.3

 GNT-PBI-05 F 6.0 3 0 194 120 ± 45 173 9.8 7.3 ± 4.1

 mean  
6.2 ± 

0.3
5 ± 3 30 ± 45 276 ± 144 137 ± 52 152 ± 23 15.8 ± 6.8 10.5 ± 3.3

Mean -
6.5 ± 

0.4
6 ± 4 54 ± 39 256 ± 150 129 ± 65 152 ± 21 12.7 ± 6.0 8.3 ± 3.3

Min - 5.5 1 0 64 39 117 3.9 3.3

Max - 7.3 15 100 600 300 183 24.8 15.3
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Figure 1: The distribution of Gentoo Penguin breeding colonies at the Falkland Islands (green dots) and the 

location of study colonies (blue dots).
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Figure 2: Individual movement patterns of Gentoo Penguins tracked over the non-breeding period at the 

Falkland Islands. Four categories were based on the average distance/day. These were: colony area = < 10 km 

from deployment location; local = < 30 km from deployment location; regional = < 100 km from deployment 

location; long distance = > 100 km from deployment location. These categories do not represent foraging A
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trips, but rather are periods for which foraging trips could not be identified. Trip: foraging trip identified (see 

methods). Dashed lines seperate foraging trips that ended and started on consecutative days. Incomplete 

trip: Incomplete foraging trip (end of study period). Unknown: days without data.

A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

Figure 3:  Core areas used (50 % utilization distributions) and foraging trips (coloured lines) of 25 Gentoo 

Penguins tracked from five colonies at the Falkland Islands during the non-breeding period. Yellow dot = 

deployment colony. Thick black line = 400 m bathymetric contour, which represents the Patagonian Shelf 

edge. Light grey line = all foraging trips.
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