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18 Abstract 

19 This study investigated how Crimson Rosellas Platycercus elegans (CR) and Australian King-Parrots 

20 Alisterus scapularis (AKP) used provisioned seed at two public bird feeding sites in Australia. A total of 197 

21 CR and 72 AKP were trapped and colour-banded. Observational data was collected every 10mins between 

22 08:00-16:00 for three consecutive days during autumn and spring. Foraging effort was described using five 

23 metrics that quantified the birds’ visiting frequency and foraging duration over each day and observation 

24 period. Seed selection (over 5mins) and intake (over 10mins) were determined, and the energy intake was 

25 calculated. Total counts and population estimates were calculated for each species. Individual, species, 

26 seasonal and geographic variation in the use of provisioned seed was demonstrated by the metric 

27 summaries and Restricted Maximum Likelihood Modelling. Both species fed as part of large mixed species 

28 flocks that would not naturally congregate together to forage. Overall, CR were found to have higher 

29 foraging effort and feed in greater numbers than AKP, but a spectrum of use was observed for both 

30 species. Individuals were observed using the provisioned seed between 0-3 days/observation period. When 

31 birds used the provisioned seed, they were found to make between 1-8 visits/day, with most lasting 10-

32 30mins. Few daily durations lasted longer than 50mins. Within a 10-minute interval, it was possible for a 

33 CR and AKP to obtain between 1.73-62.91% and 6.84-88.54% of their daily energy requirements, 

34 respectively. In a visit, either species could fill their crop and meet most, if not all, of their daily energy 

35 requirements. A small percentage of birds (6.5%) were found to use the feeding sites daily and for long 

36 durations (up to 160mins). It is likely that a proportion of the birds using the provisioned seed at both sites 

37 were dependent on the food source and would be at risk if the seed supply were suddenly reduced. The 

38 study also provided evidence that wild bird feeding provided an advantage to one or more species, as well 

39 as evidence that the food source did not affect the study species’ seasonal dispersal patterns or juveniles’ 

40 ability to forage on natural food sources.

41 Keywords: wild bird feeding, psittacine, foraging, behaviour, impacts, dependency, dispersal
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43 1. Introduction

44 Wild bird feeding is one of the most common forms of wildlife interaction in the world (1-4). It is particularly 

45 popular in developed countries with birds being fed at up to 75% of people’s homes (2, 5-12). The primary 

46 reasons people engage in wild bird feeding are to experience the pleasure the activity provides and to 

47 compensate for habitat modifcation or harsh climatic conditions (6, 9, 13-15). Despite its popularity, wild 

48 bird feeding has elicited extensive criticism (16-19). Authors argue that wild bird feeding activities threaten 

49 to alter natural foraging behaviour, resulting in habitutation (17), reduced vigilance (16), impaired foraging 

50 skills (16, 20, 21), dependency on the suppled food (4, 16, 17, 19, 22), distruption of daily activity patterns 

51 (16, 17) and changes in species movement patterns (16, 20). Wild bird feeding may advantage dominant 

52 individuals or species (5, 9, 16, 23) and provide support to invasive species (24-27). There are also health 

53 concerns that include, but are not limited to, increased disease transmission between birds congregating at 

54 fixed point feeding sites and the spread of zoonotic diseases to humans (27, 28). Individually, or as a result 

55 of their interactions, these impacts could then contribute to carry-over effects on recruitment, reproduction 

56 and survival (29, 30), ultimately disrupting natural selection processes (22), particularly if the foraging 

57 resources provide support for less competitive individuals (30). Despite these often-raised concerns, 

58 empircal in situ data to validate them has been limited (18).

59 Authors have recommended that wild bird feeding studies investigating these concerns should begin by 

60 assessing the birds’ use of the provisioned foraging resources (31). To date, research on foraging effort at 

61 wild bird feeding sites has been dominated by studies of passerines in the United Kingdom and the United 

62 States of America (1, 30, 32-37), and a small number of studies have quantified the foraging effort of 

63 carnivorous species (38) and waterbirds (39). Foraging effort has been found to be influneced by the 

64 species studied (8, 23, 36), time of day (1, 33, 34, 38), location and the number of feeding opportunities 

65 within a bird’s home range (1, 34, 36). Differences in foraging effort have also been found to be impacted 

66 by the effects of temperature (1, 33, 34), season (8, 23, 34), individual bird personality (36, 37) and 

67 demographics—such as age and gender (8, 30, 34-36). Added complexities to assessing the factors 

68 impacting foraging effort include dominance hierarchies, geographical location (1, 31), and the feed type 

69 and it’s presentation (32, 40). Therefore, new studies should be conducted over multiple seasons (20) and 

70 locations (22), extend to a broader range of species being fed, and where possible, be conducted under 

71 standard feeding practices in the settings where the activity occurs (20).
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72 In Australia, wild bird feeding takes place in a variety of settings including backyards (6, 41), public 

73 recreation areas (19, 39) and as part of wildlife tourism activities, which are often co-located with protected 

74 areas (42, 43). Australians enjoy feeding a wide variety of avifauna (19, 39), including a range of endemic 

75 parrots and cockatoos (Psittaciformes) (41, 44, 45). These birds are common and abundant visitors to 

76 backyard feeding sites (46-48) and the primary species targeted by wildlife tourism activities (42, 49, 50). 

77 Due to their numbers, Psittaciformes are likely the most commonly fed birds in Australia. However, to date, 

78 the only research on how native free-ranging Psittaciformes use human provisioned supplemental feed and 

79 the impacts that feeding may have on them has pertained to the Rainbow Lorikeet (Trichoglossus 

80 moluccanus) and the Scaly-breasted Lorikeet (Trichoglossus chlorolepidotus) (49).

81 This study aimed to investigate the validity of published concerns about the behavioural impacts of wild bird 

82 feeding for two psittacine species—Crimson Rosella (Platycercus elegans) and Australian King-Parrot 

83 (Alisterus scapularis)—by quantifying birds’ foraging efforts during autumn and spring at two geographically 

84 distinct public feeding sites in eastern Australia.

85
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86 2. Methods

87 2.1 Study sites

88 The study was conducted at two sites, located approximately 1,300km apart, on the east coast of Australia. 

89 The first (site 1), was in Queensland (S 28o13’50.10”, E 153o08’07.54”, 915m) at O’Reilly’s Rainforest 

90 Retreat immediately adjacent to Lamington National Park, which is part of Gondwana Rainforests, a 

91 370,000-hectare subtropical World Heritage listed protected area. Birds have been fed here since the 

92 1930s (pers. comm. S. O’Reilly 09 Aug, 19). The second location was in Victoria where the primary site 

93 (site 2a) was at Grants Picnic Ground (S 37o53’13”, E 145o22’13”, 339m). Additional birds were captured 

94 and monitored at Sherbrooke Picnic Ground (site 2b; S 37o52’52”, E 145o21’34”, 487m) located 

95 approximately 1.2km from 2a. Both 2a and 2b were on public land associated with the Dandenong Ranges 

96 National Park, a 3,540-hectare protected area dominated by temperate forest. Compared to the area 

97 surrounding site 1, the Dandenong Ranges National Park had a higher level of fragmentation by built 

98 infrastructure—with dwellings and other businesses offering alternate bird feeding opportunities. While a 

99 semi-organised wild bird feeding activity had only been in operation at site 2a since 1999, birds were 

100 previously fed in an ad hoc way for an additional 40 years prior to this (pers. comm. M. Hoogland 09 Aug, 

101 19). Regular opportunistic wild bird feeding also took place at site 2b, but the timeframe was not known.

102 2.2 Foraging resource

103 Operators at both feeding sites sold small packets of seed (primarily millet) to visitors who were able to 

104 hand feed birds within designated feeding areas. The site operators did not, themselves, provide feed to 

105 the birds. Regularly, some visitors brought their own feed including wild bird mix, black and grey-striped 

106 sunflower seeds and sometimes human food products.

107
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108 2.3 Study population

109 The species studied at both sites were Crimson Rosellas (length 35-38cm, weight 120-150g) and 

110 Australian King-Parrots (length 40-45cm, weight 210-275g) (distribution see (51); description see (52, 53)). 

111 Of the species observed foraging at the study sites, these two were selected as they were common to both 

112 locations. Both species make use of similar forest and woodland habitats throughout their ranges in eastern 

113 and southeastern Australia (52). Resident birds remain within their territories (often at higher altitudes) year 

114 round, and non-breeding adults and sub-adults are known to dispese to lower lying areas during autumn 

115 and winter (44, 52). Both species mostly forage as pairs or small groups in the canopy, shrubs or at the 

116 ground, consuming plant material from native and introduced species, as well as insects (52, 54).

117 Birds were captured according to a randomised, stratified sampling methodology. Each feeding site was 

118 stratified into sections (Qld: north, south, east, west; Vic: 2a-1, 2a-2, 2a-3, 2b) and points where birds 

119 accessed the seed (hand/ground). A section and a feeding point were randomly drawn prior to each 

120 catching effort. If a bird was not available at the pre-selected point, then the closest bird was caught. Birds 

121 were caught using hand nets or drop cages (Professional Trapping Supplies, Molendinar, Qld, Aust.), and 

122 then transferred to a calico bag until sampled and colour-banded.

123 In Queensland, bird capture and banding was conducted over 19 days between spring 2007 and winter 

124 2008. Birds were colour-banded using the Australian Bird and Bat Banding Scheme’s schema 02 (55). 

125 Coloured bands were obtained from A.C. Hughes, United Kingdom and Lentra Direct, NSW, Australia. In 

126 Victoria, bird capture and banding was conducted over 20 days between winter 2008 and summer 2008/09. 

127 Colour-banding schema 07 (55) was used, adding a master colour-band to allow quick confirmation of each 

128 individual’s original capture site during field observations.

129 After banding, blood was collected from the right jugular vein and spotted onto Whatman filter paper 

130 (Sigma-Aldrich, N.S.W, Aust.). The sample was air-dried and placed in an individual envelope before being 

131 refrigerated at 4oC on site. Within 36 hours, the samples were transported to the Animal Genetics 

132 Laboratory (University of Queensland, St Lucia, Australia) for DNA sexing. Plumage indicators (53) were 

133 used to classify birds into two age groups: adult (>1 year) and juvenile. After sampling, birds were released 

134 adjacent to the study site.
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135 2.4 Data collection

136 At each site, data were collected during two observation periods, each comprising three consecutive 

137 observation days. Observation periods were conducted in autumn (April) and spring (September) 2008 at 

138 site 1 and spring (September/October) 2008 and autumn (April/May) 2009 at site 2a. A single observation 

139 period was conducted at site 2b in autumn (April) 2009 to test the assumption that birds foraging there were 

140 also members of the population using the foraging resources at site 2a. A minimum of six days separated 

141 the observation periods from the last capture effort. Two additional observation periods were conducted at 

142 site 1 after the completion of the data collection for this study; the presence of a bird during these additional 

143 observations confirmed it was still alive and validated its inclusion in the dataset for site 1. Autumn and 

144 spring were selected for observational data collection to minimise environmental variables (these seasons 

145 are similar in temperature and photoperiod) and incorporate the expected seasonal variation in bird 

146 foraging effort associated with the non-breeding and breeding seasons. In addition, these seasons span the 

147 partial migration of the study species (44, 52, 53).

148 2.4.1 Foraging observations

149 Each observation day ran from 08:00 to 16:00, with data collected every 10 minutes. Preliminary fieldwork 

150 conducted pre-dawn to dusk indicated that it was rare for study species to be observed outside these times. 

151 During each 10-minute interval (observation interval), the entire feeding area was scan sampled (56) by the 

152 same observer, who followed a circuit transect, maintaining a line of sight <5m from the birds under 

153 observation. In Victoria, a second observer was required to assist counting during the holiday period, due to 

154 the larger area to be covered and the number of people and birds present.

155 All colour-banded birds observed foraging during each observation interval—including those that flew in—

156 were recorded in the field data sheets. Birds were considered to be foraging if they were ingesting, 

157 manipulating or reaching for food (54), or located at a point where seed was available The data recorded 

158 included the time, species and unique colour-band set. Data recording for each observation interval took 

159 between one and eight minutes; there were no occasions when there were so many birds that the recording 

160 of one interval interfered with the start of the next.

161
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162 2.4.2 Seed selection and intake

163 Independently of the observation periods, seed selection was determined by offering a handful of 

164 commercial seed mix (Golden Cob Cockatiel Mix [Mars Birdcare, Wacol, Qld]—large seeds: grey-striped 

165 sunflower, safflower, hulled oats; small seeds: white french, japanese and shirohie millet, canary, linseed, 

166 canola and milo) on a handheld tray for 5 minutes (n=8). In preparation, each handful of seed was manually 

167 divided into groups for each type of large seed and as a combined group for small seeds. The mass of 

168 each group was recorded in grams to two decimal places. After birds fed from the tray, whole seeds and 

169 husks were divided into the respective groups and weighed separately.

170 Seed intake was estimated by filming individual Crimson Rosellas (n=5) and Australian King-Parrots (n=5) 

171 for one 10-minute interval under normal foraging conditions. The recordings were reviewed, noting the 

172 feeding point/s (hand/ground) and the birds’ seed intake rate (rapid, casual, constant, slow). In addition, the 

173 time spent feeding (% of interval), the number of times a bird moved between feeding points and the 

174 number of times a bird picked up (prehended) a large or a small seed were counted.

175 2.4.3 Incidental observations

176 Additional observations of factors that contributed to the foraging opportunity were recorded. These 

177 included details about behaviours of the study species, numbers and behaviours of other species using the 

178 provisioned seed, and factors such as disturbances. Ambient temperatures (oC) were recorded for 

179 comparison with long-range average temperatures for the same time of the year.

180 2.4.4 Bird counts and the number of people feeding birds

181 The total number of each study species observed foraging at the site (that is banded and unbanded birds) 

182 was counted, on average, every 30 minutes throughout the day, but more frequently when bird numbers 

183 were observed to be increasing. On the first day of each observation period, the total number of people 

184 feeding the birds (participants) was counted and recorded every hour.

185
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186 2.5 Data management

187 Field data were transferred to a Microsoft Excel spreadsheet. Individual birds, which were specific to a site, 

188 were included in the dataset if they met the following criteria: 1. The unique colour-band combination noted 

189 in the field data sheet cross-referenced to an individual in the capture and banding data, positively 

190 identifying the bird; 2. The bird was recorded foraging during any observation period after capture (including 

191 birds recorded foraging during additional post-study observations at site 1) and was therefore known to be 

192 alive. The data for three birds was discarded due to a band falling off (n=2) and a recording error in the field 

193 (n=1).

194 The following metrics (demonstrated in S1 Fig.) were used to summarise the observed foraging effort for 

195 each bird over the three days of an observation period: 1. Frequency-days (Fd) – the total number of days 

196 in which a bird was observed foraging during an observation period (0, 1, 2, or 3; those birds recording 0 

197 were observed foraging during the previous, or a subsequent observation period). 2. Frequency-visits (Fv) 

198 – the number of visits a bird made each day during an observation period. A separate visit was counted if a 

199 bird was absent for ≥ 20 minutes before returning to feed. This criterion was included to prevent brief fly-

200 offs resulting in an overestimation of the number of visits. 3. Visit duration (Vd) – because each bird’s visit 

201 duration was not timed, the value of Vd was assumed to be equal to 10 minutes times the number of 

202 observation intervals in which the bird was recorded foraging for that visit. If, during one visit, a bird was 

203 absent for one observation interval, that interval was not included in the calculation of Vd. 4. Daily duration 

204 (Dd) – the total number of foraging minutes recorded for a bird each day. The value of Dd was assumed to 

205 be equal to 10 minutes times the number of observation intervals in which the bird was observed foraging. 

206 5. Foraging score (Fs) – calculated using the formula (Σ Dd for an observation period/10) x Fd. This metric 

207 was calculated to represent a bird’s foraging effort over an observation period, accounting for both its’ 

208 foraging frequency and duration.

209
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210 2.6 Data analyses

211 2.6.1 Data summaries

212 Site datasets for each observation period were separated into species and individual bird metrics were 

213 summarised for each species. To assist with visual comparison of the two sites’ data summaries, Victoria’s 

214 data is presented in the order of the seasons, not in the chronological order of collection. Given the total 

215 number of birds (n value) differed for each metric, all metrics were expressed as a relative frequency 

216 (percentage) to allow comparisons between species, seasons and sites. The relative frequencies of the 

217 possible outcomes for Fd and Dd were calculated including observed values of zero. The relative 

218 frequencies for Fv and Vd were calculated using the maximum value a bird recorded over the observation 

219 period. These calculations did not include observed values of zero. Foraging scores were summarised 

220 using measures of central tendency—including the mean, standard error and median. Each bird’s foraging 

221 effort was categorised into one of 6 Foraging classes (Fc): Fc0=Fs0, Fc1=Fs1-25, Fc2=Fs26-50, 

222 Fc3=Fs51-75, Fc4=Fs76-100, and Fc5=Fs100-125. The relative frequency (%) of the number of birds in 

223 each class were calculated for each species.

224 2.6.2 Restricted Maximum Likelihood Modelling

225 The remaining statistical analyses of the birds’ foraging scores were conducted using GenStat for Windows 

226 18th Edition. (VSN International, Hemel Hempstead, UK) with significance set at a p-value of less than 0.05. 

227 Non-categorised foraging score data (response variable) as a continuous variable was analysed using a 

228 Restricted Maximum Likelihood (REML) Model. Fixed effects considered for inclusion were site, season, 

229 species, sex, age, holiday/not holiday and fly-off events (total), with random effects of bird identification and 

230 day. The data were square root transformed to meet the underlying assumption of normality for the REML 

231 Model. Predicted means and standard errors were obtained from the modelling and back-transformed onto 

232 the original scale.

233 Univariate analyses were conducted on each fixed effect to determine initial significance. Any term with a p-

234 value less than 0.25 was considered for inclusion in the multivariate model, whereby a stepwise backwards 

235 elimination approach was used to determine a final model in which all fixed effects were significant. All two 

236 and three-way interactions were tested, and Least Significant Differences were obtained to explore pairwise 

237 differences.
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238 2.6.3 Estimated energy intake 

239 The number of kilojoules (kJ) ingested by Crimson Rosellas and Australia King-Parrots that were monitored 

240 over a 10-minute interval was estimated by converting the number of prehended seeds into volume (ml), 

241 multiplied by the energy density (kJ/ml) for each seed type. If a bird consumed both large and small seeds, 

242 the energy contribution of each was calculated independently then summed. Energy densities were 

243 calculated based on average published values for large seeds (13.90kJ/ml) and small seeds (12.38kJ/ml) 

244 (57). The percentage of the daily energy requirements consumed by each bird was calculated by dividing 

245 the kilojoules by the species’ daily energy requirement. The daily energy requirement of wild Crimson 

246 Rosellas has been reported to be 157kJ  (54). The daily energy requirement for wild Australian King-

247 Parrots has not been reported; it was therefore estimated from the daily energy requirement for Crimson 

248 Rosellas and metabolic scaling (58). The daily energy requirements for an Australian King-Parrot at the 

249 lower end of their weight range (210g) was calculated to be 237kJ.

250 2.6.4 Population estimates

251 Population estimates for birds using the feeding site were calculated for the study species using a 

252 methodology appropriate for the different sample sizes and extent of resampling data. Population estimates 

253 were calculated for Crimson Rosellas using the Jolly-Seber Method (59). The model was populated using 

254 resighting data for colour-banded birds and a single count of unbanded birds (total count minus the number 

255 of banded birds observed for that observation interval). The values were taken from three discrete time 

256 points per day for three days. The discrete time points fell within the following time periods: 08:00 to 10:30, 

257 10:40 to 13:10 and 13:20 to 15:50. As data were derived from observations (not recaptures) no adjustment 

258 was made for capture bias. A population estimate was calculated for each of the nine time points; the 

259 average and the maximum of these were reported. Population estimates were calculated for Australian 

260 King-Parrots using the Peterson Method, applying the appropriate estimator from Bailey (59). The 

261 maximum counts of colour-banded AKP from an observation period were used to approximate the 

262 maximum population estimate with a 95% confidence interval.
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263 3. Results

264 3.1 Numbers of colour-banded birds

265 3.1.1 Queensland and Victoria (2a)

266 Over the course of the entire study, a total of 269 birds were colour-banded (197 Crimson Rosellas and 72 

267 Australian King-Parrots). The number of birds that were colour-banded by the time of each observational 

268 period, the number of these that were sighted in each observation period or follow up observation periods, 

269 and the number of birds that were observed foraging each observation period are shown in Table 1. The 

270 demographics (age and sex) of the colour-banded birds known to still frequent the site were as follows: 

271 Crimson Rosellas—QLD adult male (am)=28, adult female (af)=18, adult unknown (au)=29, juvenile male 

272 (jm)=3, juvenile female (jf)=4, juvenile unknown (ju)=2; VIC am=19, af=14, jm=4, jf=3; Australian King-

273 Parrots—QLD am=8, af=3, au=2, jm=0, jf=7, ju=3; VIC am=2, af=2, jm=1, jf=2. What happened to the 

274 banded birds that were never observed again is not known. They may have still been using the feeding 

275 sites at times other than the observation periods, or they may have died or emigrated.

276 Table 1: Listed are the total number of Crimson Rosellas and Australian King-Parrots that had been colour-banded by the 
277 time of the autumn and spring observation periods at wild bird feeding sites in Queensland and Victoria, showing the 
278 number of birds in each dataset and the number observed foraging during each three-day observation period. To assist 
279 comparison, the numbers for Victoria are not shown in the chronological order of collection.

Queensland Victoria
Crimson Rosellas Aust. King-Parrots Crimson Rosellas Aust. King-Parrots

Autumn
2008

Spring
2008

Autumn
2008

Spring
2008

Autumn
2009

Spring
2008

Autumn
2009

Spring
2008

Total number of 
colour-banded birds 
at the time of an 
observation session

80 99 35 46 98 66 26 17

Total number of 
colour-banded birds 
known to still 
frequent the site 

67 84 20 23 40 31 7 6

Number of colour-
banded birds 
observed foraging 
during the 
observation session

58 79 12 17 29 26 2 5

280
281
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282 3.1.2 Birds’ movement between sites 2a and 2b, in Victoria

283 Observations conducted at site 2b confirmed that Crimson Rosellas moved between feeding sites 2a and 

284 2b to use provisioned seed. By autumn, 65 Crimson Rosellas were colour-banded at site 2a and 33 at site 

285 2b in Victoria. Nine Crimson Rosellas observed foraging at site 2b in autumn 2009 were originally caught at 

286 site 2a and one Crimson Rosella caught at 2b was observed foraging at site 2a. Twenty-two Australian 

287 King-Parrots were colour-banded at site 2a and four at site 2b. This species was not observed foraging at 

288 the alternate sites during the observation periods.

289 3.2 Foraging metrics 

290 3.2.1 Frequency-days

291 The percentage of birds observed foraging for 0, 1, 2, or 3 days is shown in Fig.1, illustrating the 

292 differences between species and seasons for each site. Not all of the birds were observed using the 

293 foraging resource every day, and some did not during the observation period. In Queensland, where 

294 Crimson Rosellas were observed using the feeding site often, only 49.25% and 51.19% were observed 

295 foraging every day in autumn and spring, respectively. In total (over both sites and seasons), 13.51% of 

296 Crimson Rosellas used the foraging resources zero days, 19.37% 1 day, 20.27% 2 days and 46.85% 3 

297 days. Of the Australian King-Parrots, 35.71% used the foraging resources zero days, 17.86% 1 day, 

298 19.64% 2 days and 26.79% daily (data not shown).

299
300 Figure 1: The percentage of colour-banded Crimson Rosellas and Australian King-Parrots that fed at a Queensland and 
301 Victorian feeding site on zero, one, two or three days during a three-day observation period in spring and autumn.
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303 3.2.2 Frequency-visits

304 The percentage of birds that fed at a site a maximum of one to eight times a day during each observation 

305 period is shown in Fig. 2. Of the birds observed using the foraging resource, the majority of Crimson 

306 Rosellas were recorded making between one to three visits in a day, while the majority of Australian King-

307 Parrots made only made one or two visits in a day. The highest number of visits recorded for a bird was 

308 eight, for one Crimson Rosella in Queensland.

309

310 Figure 2: The percentage of colour-banded Crimson Rosellas and Australian King-Parrots that fed at a Queensland and 
311 Victorian feeding site a maximum of one to eight times a day during a three-day observation period in spring and autumn. 
312 Given the small percentage of birds recorded making a maximum of 7 and 8 visits in a day, these outcomes were pooled.

313 3.2.3 Visit duration

314 The percentage of birds that fed at a site for a maximum visit duration of 10 to 120 minutes during each 

315 three-day observation period is shown in Fig. 3. Overall, most individual visits lasted 20 minutes or less. 

316 Only a small percentage of visits lasted for longer than 30 minutes; Australian King-Parrots in Queensland 

317 during autumn were an exception. The longest visit duration recorded for a Crimson Rosella was 120 

318 minutes in Queensland and 70 minutes in Victoria. The longest visit duration recorded for Australian King-

319 Parrots was 60 minutes in Queensland and 20 minutes in Victoria.
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320
321 Figure 3: The percentage of colour-banded Crimson Rosellas and Australian King-Parrots that fed at a Queensland and 
322 Victorian feeding site for a maximum visit duration of 10 to 120 minutes during a three-day observation period in spring 
323 and autumn. Given the small percentage of birds that recorded a maximum visit duration of 70 to 120 minutes, these 
324 outcomes were pooled.

325 3.2.4 Daily duration

326 The percentage of birds that recorded a daily duration between 0 and 160 minutes over each three-day 

327 observation period is shown in Fig. 4. As a result of the birds that were not observed using the site on one 

328 or more days during an observation period, the most frequently recorded daily foraging duration was zero. 

329 Australian King-Parrots in Victoria during spring were an exception. Across both observation periods, over 

330 75% of birds were recorded using the foraging resources for 30 minutes or less each day [75.96% CR 

331 (n=666) and 81.55% AKP (n=168)]. The longest daily duration recorded for Crimson Rosellas was 160 

332 minutes at both locations. Longer daily durations were recorded by Crimson Rosellas during spring in 

333 Queensland and during autumn in Victoria. The longest daily duration recorded for Australian King-Parrots 

334 was 150 minutes during autumn in Queensland and 30 minutes during spring in Victoria.
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335

336
337 Figure 4: The percentage of colour-banded Crimson Rosellas and Australian King-Parrots that recorded a daily duration 
338 between 0 and 160 minutes at a Queensland and Victorian feeding site over a three-day observation period in spring and 
339 autumn. Error bars represent one standard error.

340 3.2.5 Foraging scores

341 A summary of the birds’ foraging scores and the percentage of birds in each class are provided in Table 2. 

342 Overall, birds’ foraging scores ranged from 0 to 117. The percentage of birds in each Foraging class was 

343 as follows: Fc0=18.3%, Fc1=55.4%, Fc2=19.8%, Fc3=4.3%, Fc4=1.1%, Fc5=1.1%. The foraging effort of 5 

344 birds—one from each class—is shown in S2 Fig. to demonstrate the relationship between foraging effort, 

345 foraging score and class.
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347 Table 2: A summary of birds’ foraging scores (Fs) and the percentage of birds with foraging scores in each class, 
348 calculated for colour-banded Crimson Rosellas and Australian King-Parrots that fed at a Queensland and Victorian 
349 feeding site during a three-day observation period in spring and autumn. Foraging class (Fc) 0=Fs 0, Fc1=Fs1-25, Fc2=Fs 
350 26-50, Fc3=Fs51-75, Fc4=Fs76-100, Fc5=Fs101-125.

Queensland Victoria
Crimson Rosella Aust. King-Parrot Crimson Rosella Aust. King-Parrot

Autumn Spring Autumn Spring Autumn Spring Autumn Spring
n 67 84 20 23 40 31 7 6
Foraging scores 
Mean 18.26 26.06 24.17 12.76 22.79 15.74 2 7.4
Standard error 1.79 2.86 7.49 2.83 5.06 2.95 1 2.38
Median 17 18 18 10 8 12 2 8
Foraging class (%)
0 13.43 5.95 40.00 26.10 30.00 16.20 71.50 16.70
1 64.18 51.19 35.00 65.20 42.50 74.20 28.60 83.40
2 20.90 30.95 20.00 8.80 15.00 9.60 0 0
3 1.49 7.14 0 0 10.00 0 0 0
4 0 2.38 5.00 0 0 0 0 0
5 0 2.38 0 0 2.50 0 0 0

351
352 Univariate analyses indicated that the predicted mean foraging score for the pooled sample of scores was 

353 significantly higher in Queensland than in Victoria, higher in spring than in autumn, higher for Crimson 

354 Rosellas than Australian King-Parrots and higher for adults than juveniles, as listed in Table 3. There was 

355 no significant difference for gender, holiday/not holiday, or fly-off events.

356 Table 3: Univariate analysis to identify predictor variables influencing the foraging score.

Variable Category Predicted
mean

Standard
error

p value

Queensland 35.69 1.21Site

Victoria 14.64 1.34 0.011

Spring 34.95 1.19Season

Autumn 20.57 1.19 <0.001

Holiday 24.75 1.20Holiday 
/ not 
holiday Not holiday 29.11 1.19 0.215

Crimson Rosella 35.91 1.19Species

Australian King-Parrot 8.71 1.42 <0.001

Male 27.06 1.29Sex

Female 22.51 1.33 0.628

Adult 33.89 1.19Age

Juvenile 10.52 1.44 0.005

within 10 minutes 29.49 1.19

within 25 minutes 25.89 1.19

Fly-off 
events 
(total)

within 40 minutes 22.13 1.25
0.172

357
358
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359 The final multivariate model included the fixed effects of site (p=0.008), season (p=<0.001) and species 

360 (p=<0.001). Age (p=0.083), holiday/not holiday (p=0.74) and fly-off events (p=0.172) were not significant in 

361 the multivariate model. A significant three-way interaction existed between species, season and site 

362 (p=<0.001), as demonstrated in Fig. 5.

363

364 Figure 5: Three-way interaction between species, season and site affecting foraging scores.

365 Further investigation into the significant (p,0.001) 3-way interaction revealed the following differences. 

366 There was no significant variation in Australian King-Parrots’ foraging scores in spring across sites (Qld 

367 5.5±1.9, Vic. 5.2±3.6). Crimson Rosellas’ foraging scores in spring were significantly higher in Queensland 

368 as compared to Victoria (17.4±1.8 vs 9.9±2.1). In autumn, Australian King-Parrots had significantly higher 

369 foraging scores in Queensland than Victoria (6.8±2.2 vs 0.15±0.6). In autumn, there was no significant 

370 variation in foraging scores for Crimson Rosellas across the sites (Qld 12.05±1.6 vs Vic. 7.9±1.8).

371 In Queensland, Crimson Rosellas had significantly higher foraging scores in spring as compared to autumn 

372 (17.4±1.8 vs 12.05±1.6). There was no variation in the Australian King-Parrots foraging scores in 

373 Queensland between seasons (5.5±1.9 vs 6.8±2.2). In Victoria, Australian King-Parrots had significantly 

374 higher foraging scores in spring as compared to autumn (5.2±3.6 vs 0.15±0.6) and Crimson Rosellas 

375 showed no difference in foraging scores between seasons (9.8±2.1 vs 7.9±1.8). While statistically 

376 significant differences were observed within the Australian King-Parrots results, the high standard errors, 

377 which reflect the low sample size, indicate these findings should be interpreted with caution.
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379 3.3 Seed selection and percentage of daily energy requirements 

380 consumed

381 3.3.1 Seed selection

382 Preferential seed selection was observed during each of the 5-minute intervals that birds were offered the 

383 seed mix. Birds favoured sunflower and safflower seeds, followed by hulled oats. Preferential seed 

384 selection was consistent for Australian King-Parrots, but Crimson Rosellas would intermittently prehend 

385 smaller seeds. In each interval, all of the sunflower seeds were consumed and in six intervals all of the 

386 safflower seeds were consumed. In the two intervals that safflower seeds were not depleted, fewer than 

387 10% remained. In each interval between 50-80% of the oats were consumed. Small seeds were always 

388 consumed, but at less than 10% of the mass offered. Within the 5-minute intervals, between 1-11 birds 

389 would feed from the tray. Competition was observed between birds of the same species and between 

390 Crimson Rosellas and Australian King-Parrots; this regularly resulted in feeding being disrupted and birds 

391 being displaced from the tray.

392 Two occasions when visitors brought their own supply of sunflower seeds provided the opportunity to 

393 observe birds feeding on this seed type. On one occasion, a person hand fed an Australian King-Parrot for 

394 five minutes. A feed intake rate of 1 prehended seed per 3 seconds was calculated, resulting in prehension 

395 of approximately 200 seeds. On another occasion, a person was observed hand feeding black sunflower 

396 seeds to two Australian King-Parrots. One bird fed for one minute and the other fed for fifty seconds before 

397 they were displaced. The first bird consumed 28 seeds (one seed/2.1secs) and the second bird consumed 

398 14 seeds (one seed/3.5secs).

399 3.3.2 Estimates for the percentage of daily energy intake

400 A summary of data for individual birds’ foraging for a 10-minute interval is presented in Table 4. In a 10-

401 minute interval, Crimson Rosellas and Australian King-Parrots consumed between 1.73-62.91% and 6.84-

402 88.54% of their daily energy requirements, respectively. Fully distended crops were regularly noted for both 

403 Crimson Rosellas and Australian King-Parrots during blood collection. Depending on which seeds were 

404 consumed, a full crop for either species would represent between 79% (small seeds) and 88% (large 

405 seeds) of their daily energy requirements.
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406 Table 4: A summary of individual birds’ foraging data for a 10-minute interval at a feeding site in Queensland. Crimson 
407 Rosellas (n=5) and Australian King-Parrots (n=6)

Bird 
#

Time 
spent 

feeding

Feeding 
point

# of 
times 
bird 

moved

Feed 
intake 
rate

Small 
seeds

mls kJ Large 
seeds

mls kJ Total 
kJ

Percentage of 
daily energy 
requirements 

consumed
Crimson Rosellas

1 49% ground 1 casual 2423 2.81 34.84 0 0 0 34.84 22.19%
2 100% ground 0 constant 6473 7.52 93.14 0 0 0 93.14 59.32%
3 15% hand 2 casual 0 0 0 18 0.9 12.51 12.51 7.97%
4 9.2% both 1 rapid 14 0.16 2.02 1 0.05 0.695 2.71 1.73%
5 31.2% ground 1 rapid 15 0.17 2.16 1391 6.95 96.61 98.76 62.91%

Australian King-Parrots
1 75% both 3 rapid 3373 3.92 48.51 37 1.85 25.72 74.23 31.32%
2 29.2% hand 5 slow 0 0 0 30 1.5 20.85 20.85 8.8%
3 67.5 hand 11 rapid 76 0.88 10.94 156 7.8 108.42 119.36 50.36%
4 64% hand 2 rapid 33 0.38 4.75 130 6.5 90.35 95.10 40.13%
5 20.2% ground 7 rapid 74 0.86 10.65 8 0.4 5.56 16.21 6.84%
62 50% hand 1 rapid 0 0 0 2003 10 139 139 88.54%

408
409 1 Bird being fed at the ground, by a child using their own seed mix.
410 2 An additional Australian King-Parrot that was being hand fed black sunflower seeds, was opportunistically added to this data set.
411 3 Calculations represent maximum feed intake, based on whole seeds.
412

413 3.4 Summary of incidental observations

414 3.4.1 Factors observed to influence the foraging opportunity

415 The foraging opportunity was influenced by the type and quantity of whole seeds available at each feeding 

416 point (hand/ground). As seeds were hulled, there was an increasing ratio of husks to whole seeds. A bird’s 

417 feeding efficiency would be affected by the number of times it prehended husks. The ratio of whole seeds 

418 to husks at the hand would remain reasonably high as people continually replenished the supply. An 

419 examination of waste (seeds and husks collecting on the ground) from a 10cm square revealed more than 

420 half of the material was husks and small seeds represented the bulk (>95%) of the whole seeds, but these 

421 quantities would constantly be changing. Both of the study species fed from peoples’ hands and on the 

422 ground. Taking into consideration all of the foraging observations of Crimson Rosellas (n=1671) and 

423 Australian King-Parrots (n=235), Crimson Rosellas and Australian King-Parrots were observed feeding at 

424 the hand 8.98% and 85.96% of the time, respectively.

425
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426 Observations indicated that feeding efficiency was also influenced by a bird’s feed intake rate and level of 

427 vigilance, the amount of time a bird spent walking or flying between feeding opportunities, the level of 

428 disturbance, the time a bird spent taking shelter in response to a threat (often preceded by alarm calls 

429 triggered by loud noises or predatory birds), the number of birds feeding and the level of competition.

430 Seed availability and competition was also influenced by other species of birds that used the provisioned 

431 seed. In Queensland, the primary incidental species were Australian Brush-turkey (Alectura lathami) (max. 

432 autumn 25, spring 13) and Red-browed Finch (Neochmia temporalis) (autumn/spring max.12). Both 

433 species fed throughout the day on seed that collected at the ground and few incidents of interspecies 

434 competition were observed. Australian Brush-turkey numbers were generally low (≤5) but increased in the 

435 afternoon when people and the majority of study species had departed. In Victoria, other species observed 

436 foraging at the site were Sulphur-crested Cockatoo (Cacatua galerita) (max. autumn 128, spring 195), 

437 Galah (Eolophus roseicapilla) (max. autumn 30, spring 35) and Long-billed Corella (Cacatua tenuirostris) 

438 (max. autumn 0, spring 4). All of these species fed at the ground and Cockatoos and Galahs regularly fed 

439 directly from peoples’ hands. Cockatoos regularly outnumbered other species present at this site and were 

440 commonly observed displacing all other species.

441 3.4.2 Climatic conditions

442 The temperatures at both sites were within the normal temperature range for the time of year, with spring at 

443 site 2 being a slight exception—the average daily maximum temperature was 3.5oC higher than the long-

444 term average for this month. In Queensland, the average daily maximum temperature was 21oC for both 

445 seasons (long-term averages April 22oC, September 21oC (60)). In Victoria, the average daily maximum 

446 temperatures for autumn and spring were 13.4oC and 20.5oC, respectively (long-term averages May 14oC , 

447 October 17oC (61)).

448
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449 3.5 Numbers of birds and participants

450 3.5.1 Counts

451 Counts of the birds using the foraging resource and the people feeding them fluctuated throughout the day 

452 at both sites, as shown in S3 Fig.. Participant numbers were also observed to increase on weekends (data 

453 not shown) and during holiday periods. At both sites, people were generally present in larger numbers from 

454 mid-morning when tourist buses arrived. Sometimes there were more people than birds present, and 

455 occasionally, there were small numbers of participants feeding large numbers of birds. There were intervals 

456 when one or both species were absent. Crimson Rosellas were consistently present in greater numbers 

457 than Australian King-Parrots.

458 3.5.2 Maximum counts and population estimates

459 From the numbers of studied species counted using the feeding site (banded and unbanded birds), the 

460 maximum recorded each observation period is shown in Table 5, along with the population estimates for 

461 each species. Population estimates were on average 4.05 and 3.16 times greater than the maximum 

462 counts for Crimson Rosellas and Australian King-Parrots (Qld only), respectively. Both the maximum 

463 counts and population estimates for Crimson Rosellas increased in spring. Maximum counts of Australian 

464 King-Parrots using the foraging resource were relatively constant, but a seasonal increase was observed in 

465 the population estimate for the Queensland site in spring. Due to the small sample size and low number of 

466 foraging observations recorded for Australian King-Parrots in Victoria during autumn, it was not possible to 

467 produce a population estimate.

468 Table 5: The maximum numbers and population estimates of Crimson Rosellas and Australian King-Parrots recorded 
469 foraging at a Queensland and Victorian wild bird feeding site during a three-day observation period in autumn and spring. 
470 CI = Confidence interval.

Crimson Rosellas Australian King-Parrots
Max. # Population 

estimate
Average (max.)

Max. # Population 
estimate

Max. (95% CI)
Queensland
Autumn 70 289 (795) 10 29 (26, 32)
Spring 130 577 (1968) 11 45 (42, 40)
Victoria
Autumn 80 235 (940) 10 -
Spring 105 492 (2357) 10 25 (22, 29)

471
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472 4. Discussion

473 This study is the first to examine how the provisioned seed offered at wild bird feeding sites influences the 

474 behaviour of two psittacine species in Australia. At both sites, the availability of provisioned seed resulted in 

475 a marked increase in the number of Crimson Rosellas foraging together at a single location, as compared 

476 to what would occur in the wild. Under natural conditions, Crimson Rosellas typically forage in small flocks 

477 ranging from two to five birds and would not consistently forage with Australian King-Parrots (52). 

478 Additionally, once family groups separate, adult and juvenile Crimson Rosellas would typically segregate 

479 and forage in different habitats (62). At the feeding sites, up to 130 (spring) and 70 (autumn) Crimson 

480 Rosellas were observed foraging at one time at the Queensland site; a similar result was found at the 

481 Victorian site with maximums of 105 in spring and 80 in autumn. Additionally, adult and juvenile Crimson 

482 Rosellas were seen to freely intermingle and both Crimson Rosellas and Australian King-Parrots were 

483 regularly present at the feeding sites at the same time, along with various other species that would not 

484 forage together under natural conditions. The extent of altered foraging behaviour at the feeding sites can 

485 be further appreciated given that the estimated number of Crimson Rosellas cycling through them was 2.9 

486 to 4.7 times higher than the maximum number of birds seen at any one time during each observation 

487 period. A conservative estimate of the numbers of Crimson Rosellas foraging at the Queensland and 

488 Victorian sites at peak use (in spring) was 577 and 492, respectively.

489 To understand the potential impacts of birds being offered provisioned seed at wild bird feeding sites, we 

490 sought to verify if birds foraged at the sites every day, to determine how often and how long they foraged 

491 on visit days, and to estimate the proportion of birds’ daily energy requirements being met by the seed 

492 consumed. If birds met most or all of their energy requirements by foraging at wild bird feeding sites, they 

493 would be more likely to be negatively impacted by sudden changes in seed availability. It has also been 

494 postulated that a constant source of provisioned feed could alter birds natural movement patterns and 

495 result in juveniles not learning natural foraging skills (16, 20). 

496
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497 In this study, a spectrum of use was observed in the Crimson Rosellas. Categories of use could be broken 

498 down into birds that did not forage at a feeding site during a three-day observation period—but were seen 

499 using it at other times, birds that foraged at a feeding site one or two days out of three, and birds that 

500 foraged at a feeding site every day. In Queensland over both seasons, the number of birds that did not use 

501 the feeding site during the observation periods was small: <15%. Thirty to 45% used the feeding site one or 

502 two days out of three and approximately half used the feeding site every day. Given that the feeding site in 

503 Queensland was surrounded by wilderness, on days that Crimson Rosellas did not use the feeding site 

504 they would have been obtaining their diet from natural food sources. In Victoria, the percentage of Crimson 

505 Rosellas that did not use the feeding site or used it only one or two days was higher. These birds could 

506 potentially have been using the time away from the feeding site to feed on natural food sources; however, 

507 they could have fed at a nearby feeding site or backyard feeders—that were not monitored.

508 On days that Crimson Rosellas used the provisioned seed, the number of times a day they visited also 

509 varied between individuals. Just under 30% of the Queensland Crimson Rosellas in both seasons only 

510 visited the feeding site once a day, between 20% (spring) and 40% (autumn) visited the feeding site twice a 

511 day and 35% (autumn) and 55% (spring) visited the feeding site three of more times a day. Overall, 

512 frequency of visits to the feeding site in Victoria was comparatively lower in both seasons; this finding is 

513 consistent with the birds’ opportunity to make use of other feeding sites. The visit duration of the majority of 

514 Crimson Rosellas using a feeding site in both seasons was 10 to 30 minutes. Maximum daily durations at 

515 the feeding sites were commonly 50 minutes or less. In one ten-minute observation interval, it was possible 

516 for a Crimson Rosella to consume between 2-63% of their daily energy requirements.

517

.CC-BY 4.0 International licenseperpetuity. It is made available under a
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in 

The copyright holder for thisthis version posted October 28, 2020. ; https://doi.org/10.1101/2020.10.27.356865doi: bioRxiv preprint 

https://doi.org/10.1101/2020.10.27.356865
http://creativecommons.org/licenses/by/4.0/


25

518 Birds that consumed small quantities of seed, visiting for short periods of time either once or twice a day 

519 were more likely to be maintaining their use of natural foraging resources and using the feeding site as one 

520 of a range of resource patches. When foraging naturally, Crimson Rosellas regularly move from one 

521 foraging opportunity to another (52). This natural behaviour may influence seed intake at a feeding site, 

522 with birds consuming quantities in proportion to the fullness of their crop when they arrive at the site. It is 

523 likely that Crimson Rosellas consuming larger quantities of seed and either partially or completely filling 

524 their crop (gaining approximately 79-88% of their daily energy requirements) during one or more visits 

525 could readily be meeting a large portion, or even all of their energy needs by consuming the provisioned 

526 seed. In this situation, higher levels of feed intake would reduce the birds’ dietary diversity, although the 

527 provisioned seed is unlikely to be used as the sole food resource. In a study of the feeding ecology of a 

528 closely related species, the Adelaide Rosella (Platycercus elegans adelaidae), the crop contents revealed 

529 that no matter how abundant a food source was birds did not consume it exclusively, with evidence of four 

530 to eight different foods in sampled crops (63). When foraging naturally, Crimson Rosellas normally spend 

531 between 37-46% of the day foraging (52). For birds gaining the majority of their daily energy requirements 

532 at a wild bird feeding site, there would likely be a flow on effect on the birds’ time-activity budget, leaving 

533 more time available for other behaviours such as resting.

534 The population level analysis indicated that Crimson Rosellas’ foraging effort was comparable between 

535 sites and seasons, with spring in Queensland being the exception. In spring, there was a trend for more 

536 visits of longer duration in Queensland. The increased percentage of birds visiting feeding sites three or 

537 more times in this season and the increased foraging effort, may reflect the increased energy demands of 

538 breeding as some of the birds could be provisioning a mate or chicks. It is also likely that the increased 

539 number of birds using the site in spring would have increased competition and reduced birds’ feeding 

540 efficiency. This would require birds to increase their foraging effort to maintain the proportion of their energy 

541 requirements being obtained from the provisioned seed. In Victoria, a proportion of Crimson Rosellas 

542 increased their foraging effort in autumn, when daily temperatures were low. Some reports indicate this 

543 species increases its’ foraging effort during colder weather (52), but the opposite has also been reported 

544 (54).

545
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546 The observations of Australian King-Parrots indicated that fewer numbers of this species utilised the 

547 feeding sites than Crimson Rosellas, with estimates of Australian King-Parrot numbers being 8-10% of the 

548 Crimson Rosella numbers in Queensland and 5% of the Crimson Rosella numbers in Victoria. The 

549 maximum number of Australian King-Parrots at the feeding sites (10 and 11) was also low compared to 

550 Crimson Rosellas. Species differences in the exploitation of provisioned food sources have previously been 

551 reported (1, 8, 64). A range of factors have been found to contribute to this variation, including the influence 

552 of the most abundant species using the feeder (65), behavioural tolerances (23), seed preferences and 

553 how the feed is presented (32, 66). Australian King-Parrots have been described as wary and while these 

554 parrots are known to forage on the ground they are more commonly observed foraging in trees (52). At the 

555 feeding sites, Australian King-Parrots were found to have a preference to feed directly from peoples’ hands, 

556 where competition was higher.

557 In addition to the discovery that fewer Australian King-Parrots used the feeding sites, they were also 

558 generally less likely to visit the feeding sites as compared to the Crimson Rosellas, and when they did, they 

559 visited fewer numbers of days, and averaged fewer visits per day. Despite this, Australian King-Parrots 

560 potentially gained a similar percentage of their daily energy requirements from the provisioned seed. 

561 Feeding from a persons’ hand, provided the advantage of preferential seed selection and the availability of 

562 a higher proportion of whole seeds. The observations of Australian King-Parrots’ seed intake confirmed this 

563 species could gain a half to full crop of seed in a ten-minute interval, providing between 50 and 89% of their 

564 daily energy requirements. In Victoria, Australian King-Parrots had to compete with large numbers of 

565 Sulphur-crested Cockatoo to feed at the hand, which may explain the low numbers of Australian King-

566 Parrots at this location. Overall, the foraging conditions at both locations were likely more suited to Crimson 

567 Rosellas. Our data offer empirical evidence that concerns over wild bird feeding providing an advantage to 

568 one species over another (16) have merit. While Sulphur-crested Cockatoo was not a study species, 

569 incidental observations indicated that the wild bird feeding site in Victoria was likely to be providing an 

570 advantage to this species as well.

571
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572 This study provides evidence that a proportion of the birds using the provisioned seed at both sites were 

573 likely to be dependent on the food source. A small percentage of birds (6.5% total, in classes 3-5—QLD CR 

574 aut.=1.49%, spr.=11.9%, AKP aut.=5%; Vic. CR aut.=12.5%) were recorded using the feeding sites heavily. 

575 All of these birds were observed foraging at a feeding site daily, recording visit durations up to 120 minutes 

576 and daily foraging durations up to 160 minutes. These birds may have had an increased energetic need as 

577 might be expected if breeding (67), unwell (1), travelling long distances (67), maintaining a higher body 

578 mass (64), or the site may have been central to the birds’ territory resulting in heavier usage (34). 

579 Irrespective of the reason for the increased foraging effort, it is highly likely that the birds in the higher 

580 foraging classes would be at risk, if the seed supply were suddenly reduced.

581 Authors have argued that wild bird feeding can disrupt the seasonal migration/movement patterns of birds 

582 (4, 16, 22). Our data does not support this hypothesis. At both sites, the bird counts and population 

583 estimates for Crimson Rosellas and Australian King-Parrots (excluding Australian King-Parrots at site 2) 

584 approximately doubled in spring compared to autumn, suggesting natural dispersal of subadults and non-

585 resident adults of both species in the autumn was occurring. However, given that no base-line data is 

586 known for these sites, it is possible that a greater percentage of birds would have dispersed had the 

587 provisioned seed not been available.

588 Lastly, concerns that feeding could interfere with the development of natural food gathering behaviour (16) 

589 were not validated in this study. In studies of passerines at feeders, there have been mixed results for 

590 variation in foraging effort between age classes, with either no variation (31) or juveniles having higher 

591 foraging effort than adults (30). In our study, adults were found to have higher foraging effort at the study 

592 sites than juveniles. Therefore, we found no evidence to indicate that juvenile Crimson Rosellas or 

593 Australian King-Parrots were not developing the necessary skills for foraging on naturally occurring 

594 resources.

595
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784 Supporting information

785

786 Supplementary Figure 1: Graphic representation of how the foraging metrics (Frequency-days, Frequency-visits, Visit 
787 duration, Daily duration, and Foraging score) were obtained. For presentation purposes, the metrics shown only cover 
788 data from 08:00am to 12:00noon. The intervals considered to be a single visit are shown in boxes.

789
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Fc 1 2 3 4 5
Total 55.4% 19.8% 4.3% 1.1% 1.1%

Day 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
Dd 0 20 20 30 30 20 20 110 120 110 150 50 160 140 90
Fd 2 3 3 3 3
Fs 8 24 75 93 117

08:00             1   
08:10                
08:20        1        
08:30                
08:40          1      
08:50              1  
09:00        1  1      
09:10        1  1   1 1  
09:20        1  1   1 1  
09:30        1 1 1   1 1 1
09:40  1       1  1   1 1
09:50        1  1 1  1 1  
10:00        1 1 1 1   1 1
10:10         1 1 1  1   
10:20           1    1
10:30           1   1 1
10:40         1    1   
10:50             1 1 1
11:00         1     1  
11:10         1     1  
11:20         1   1   1
11:30       1  1    1   
11:40         1       
11:50    1            
12:00    1     1    1  1
12:10         1       
12:20               1
12:30                
12:40            1 1   
12:50  1          1    
13:00     1 1          
13:10       1 1    1    
13:20   1        1     
13:30   1   1          
13:40        1     1   
13:50        1      1  
14:00     1   1   1  1   
14:10          1 1     
14:20          1 1     
14:30    1      1      
14:40           1     
14:50           1     
15:00                
15:10           1   1  
15:20           1     
15:30             1   
15:40             1   
15:50     1      1 1 1 1  

790
791 Supplementary Figure 2: A graphic representation of selected birds’ recorded foraging activity, demonstrating the 
792 relationship between Foraging score (Fs), Daily duration (Dd), and Frequency-days (Fd). The relative frequency (over all 
793 birds in the study) of each Foraging class (Fc) 1 to 5 is shown. The relative frequency of Class 0, which is not shown, was 
794 18.3%.
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795

796
797 Supplementary Figure 3: A graphic representation of total counts of Crimson Rosellas, Australian King-Parrots and 
798 participants at a Queensland and Victorian wild bird feeding site during one 10-minute interval per hour, on the first day of 
799 the spring and autumn observation periods. 
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