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Males generally out-perform females in spatial tasks.  This difference in spatial 26	  

performance may reflect differences in cue preference because males often use both 27	  

spatial cues (distance and direction) as well as feature cues, while females prefer to use 28	  

feature cues. However, studies in birds are but a few and results are conflicting.  As 29	  

wild male rufous hummingbirds prefer to use spatial cues to relocate a rewarded flower, 30	  

in the present study we tested free-flying wild female hummingbirds of three different 31	  

species and males of one species for their cue preference in the same task in which 32	  

rufous males have been tested previously.  Birds were allowed to feed once from a four-33	  

flower array in which only one flower was rewarded.  When the birds returned, the 34	  

colour and the spatial cue designating the rewarded flower had been dissociated.  35	  

Although we had expected females to visit the flower of the correct colour (feature cue) 36	  

first, during the test phase most of the birds (males and females) went to the correct 37	  

spatial location (spatial cue).  It appears, then, that preference for spatial cues is not 38	  

specific to males and it seems more likely to depend on the relevance or value of a cue 39	  

to the solution of the task.  40	  

 41	  
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 44	  

Highlights 45	  

• Contrary to expectation female hummingbirds use a spatial cue to relocate a 46	  

reward. 47	  

• Our study shows that sex differences in cue use are not pervasive. 48	  

• We suggest that cue use is task-dependent rather than being a fixed strategy.	  49	  

 50	  
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Males typically outperform females on a range of spatial learning tasks.  One consistent 51	  

feature of the male performance is that they use distance, direction and feature cues 52	  

while females prefer to use mainly feature cues to solve the task (Collins & Kimura, 53	  

1997; Gaulin & Fitzgerald, 1986; Jozet-Alves, Modéran & Dickel, 2008; Kavaliers et 54	  

al., 1996; Lacreuse, Herndon,Killiany, Rosene & Moss, 1999; Schmidtke & Esser 2011; 55	  

Seymoure, Dou & Juraska, 1996).  This effect appears to hold both across species and 56	  

tasks.  For example, when returning to a platform in a Morris water maze male rats 57	  

outperform conspecific females when extra-maze landmark cues are absent but not 58	  

when a landmark is made available (Roof & Stein, 1999).  Similarly, on a computer 59	  

screen version of a delayed non-matching-to-sample task, women were more likely to 60	  

use feature than location cues, whereas men used both types of information equally 61	  

(Jones & Healy, 2006). Even when describing the location of a place, men tend to 62	  

provide Euclidean information (distance and direction) whereas women provide 63	  

information on landmarks (Dabbs, Chang, Strong, & Milun, 1998). Furthermore, for 64	  

male rats Euclidian information overshadows landmark information but for female rats 65	  

the opposite is true (Rodríguez, Chamizo, & Mackintosh, 2011).   66	  

 This male advantage in spatial cognition is so typical that there are multiple 67	  

evolutionary hypotheses purporting to explain those differences, typically by relating 68	  

sex differences in spatial abilities to the use of space (e.g. Range size:	  Gray & Buffery, 69	  

1971;  Male foraging: Silverman et al. 2000; see Jones, Braithwaite & Healy, 2003).  In 70	  

particular, since polygynous males cover a larger home range than do their conspecific 71	  

females, it has been suggested that selection has favoured those males with better spatial 72	  

abilities (Gaulin & Fitzgerald, 1986, 1989; Perdue, Snyder, Zhihe, Marr, & Maple, 2011)  73	  

 The sex difference in cue use appears not to be confined to mammals as male 74	  

domestic chicks (Gallus gallus domesticus) used position cues to relocate a food 75	  
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reinforcement while female chicks used colour cues more readily (Vallortigara, 1996) 76	  

and female shiny cowbirds (Molothrus bonariensis) retrieved food rewards faster than 77	  

did males only when the food was associated with a colour cue (Astié, Kacelnik & 78	  

Reboreda, 1998). But the avian data are more mixed than are the data from the 79	  

mammalian literature. For example, both male and female great tits (Parus major) used 80	  

a position cue to relocate a reward hidden in one of three wells rather than the colour of 81	  

a cloth on top of each well (Hodgson & Healy, 2005). Furthermore, if cue preference is 82	  

associated with selection pressure for better spatial ability, then in the cowbirds one 83	  

would expect the females to be the sex that prefers/uses spatial rather than featural 84	  

information as it is the females that appear to have the great spatial memory demand (as 85	  

they alone search for nests to parasitize; Reboreda, Clayton, & Kacelnik, 1996) and the 86	  

better spatial memory: female brown-headed cowbirds (Molothrus ater) outperformed 87	  

conspecific males in a spatial memory task (Guigueno, Snow, MacDougall-Shackleton 88	  

& Sherry, 2014).  The lack of a compelling association between spatial 89	  

demand/performance and preferential use of spatial information in birds lead Hodgson 90	  

and Healy to suggest that cue use/preference might be due to the relative value of those 91	  

cues in the specific context in which the animals were tested i.e. that cue use might be 92	  

context dependent rather than favoured by selection. 93	  

 Hummingbirds are a useful group in which to address sex differences in cue use 94	  

because in most species the sexes differ in foraging behaviour and their use of space.  95	  

Males are typically territorial, defending and feeding from hundreds of flowers within 96	  

their territories every day (Kodric-Brown & Brown, 1978) and in most species are 97	  

considered to be polygynous.  Females, on the other hand, are not usually territorial, are 98	  

thought to forage by traplining (Temeles, Shaw, Kudla & Sander, 2006) and provide all 99	  

parental care. Consistent with this expectation, wild male rufous hummingbirds 100	  
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(Selasphorus rufus) preferentially  used spatial information to return to a previously 101	  

rewarded artificial flower (Hurly & Healy, 1996).  102	  

 To determine whether female hummingbirds preferred to use feature rather than 103	  

spatial cues we tested female hummingbirds of three different species using a similar 104	  

task to that used by Hurly and Healy (1996).  In this test birds visited a four-flower 105	  

array in which all four artificial flowers were a different colour and only one of them 106	  

contained reward.  Prior to the birds’ return, we emptied the flower and switched it with 107	  

one of the other flowers.  If the birds preferred to use feature cues to choose the flower 108	  

it expected to contain reward (the original flower contained more sucrose than the bird 109	  

could consume in a single visit), it should visit the flower of the ‘correct’ colour.  If, 110	  

however, it preferred to use spatial cues, it should visit the flower in the original 111	  

location (the ‘correct’ spatial cue).  We tested female rufous hummingbirds at a site in 112	  

Canada and we tested females of the white-eared hummingbird (Hylocharis leucotis) 113	  

and of the magnificent hummingbird (Eugenes fulgens) at a site in Mexico.  As we had 114	  

the opportunity, we also tested male white-eared hummingbirds. 115	  

 Our expectation was that if space use selects for a preference for using spatial 116	  

cues, then like female mammals, the females hummingbirds should preferentially use 117	  

feature information rather than spatial information when returning to a previously 118	  

rewarded artificial flower.  The male white-eared hummingbirds should, however, 119	  

prefer to use spatial cues. 120	  

 121	  

METHODS 122	  

 123	  

Subjects and field site  124	  

 125	  
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Eleven female rufous hummingbirds were tested in free-flying field experiments along 126	  

the Westcastle Valley in Alberta, Canada (49º 21' N; 114º 25'W). Individuals were 127	  

identified by their unique throat feather patterns. Trials were run between 0700 and 128	  

1800 hours Mountain Standard Time from 13-24 July 2013. In Mexico, at the National 129	  

Park “La Malinche”, Tlaxcala, in Central Mexico (19º 14’ N,98º 58’ W with a 3000 m 130	  

elevation) we tested eight males and three female white-eared hummingbirds and seven 131	  

female magnificent hummingbirds. Individual birds in Mexico were identified by a 132	  

detailed record of their visit rates to an artificial nectar feeder and identification of perch 133	  

sites. To avoid retesting individuals only one bird of each species or sex was tested at a 134	  

particular site. Trials in Mexico were run from the 21st of September to the 11th of 135	  

November of 2013.  136	  

 The study was conducted with ethical permission from the University of St 137	  

Andrews Ethical Committee, the University of Lethbridge Animal Welfare Committee, 138	  

Alberta Sustainable Resource Development and Environmental Canada and with 139	  

permission from the Scientific Station “La Malinche” from the Universidad Autónoma 140	  

de Tlaxcala. 141	  

 142	  

Initial training 143	  

 144	  

In Canada, we put out feeders containing 14% sucrose solution along the Westcastle 145	  

Valley during the third week of May.  Each feeder had a red plastic base and the birds 146	  

accessed the sucrose via a hole in a single yellow plastic flower that was secured to the 147	  

base of the feeder.  By the first week of July, females started to feed from the feeders 148	  

regularly and to defend them. 149	  

 150	  
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 During that time we trained those females that were defending feeders and had 151	  

distinctive throat patterns to feed from artificial flowers.  To do this we first lowered the 152	  

feeder 20 cm at a time until it had reached a height of 60 cm above the ground and we 153	  

then replaced the single yellow plastic flower on the feeder with another artificial 154	  

‘flower’.  This flower comprised a plastic vial full of 25% sucrose solution, which was 155	  

surrounded by a yellow cardboard circle (2 cm in diameter). After the bird had fed from 156	  

the cardboard “flower” once, we replaced it with a larger one, also yellow (6 cm in 157	  

diameter). Finally, after the bird fed from that flower, the feeder was removed and the 158	  

experiment began.  This training procedure ensured that the bird was exposed to both 159	  

the spatial and colour cues the same number of times.  160	  

 The hummingbirds tested in Mexico were trained following the same training 161	  

protocol as describe above.  We first placed artificial feeders at locations within 1km of 162	  

La Malinche research station and waited for the hummingbirds to visit regularly.  Then, 163	  

birds were trained to feed from an artificial flower.  At La Malinche both the white-164	  

eared hummingbird and the magnificent hummingbird are year-round residents with 165	  

both males and females migrating attitudinally to match the blooming schedule of 166	  

different flower species (Lara, 2006).  167	  

 168	  

Experimental trials 169	  

 170	  

For the experiment we presented the bird with an array of four artificial flowers 171	  

mounted on 60 cm height wooden stick in an 80 cm square where only one flower was 172	  

filled with 600µl of 25% sucrose solution. The other three flowers were empty.  The 173	  

amount of sucrose solution in the rewarded flower was enough so that a single foraging 174	  

bout was not sufficient for the birds to empty the flower.  The rewarded flower was 175	  
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always the same colour as the feeder’s plastic flower and was always placed in the same 176	  

location as that where the bird had fed from the cardboard flower when it was still 177	  

attached to the feeder.  The three other flowers were each of one of three colours 178	  

(possible colours were: yellow, red, pink and purple) and the location of these flowers 179	  

within the array was assigned pseudorandomly.   180	  

Once the hummingbird had fed from the rewarded flower (Phase 1) and left the 181	  

array, we switched the rewarded flower with one of the other flowers in the array so that 182	  

its colour and its absolute location were in conflict (Figure 1; Phase 2).  We emptied all 183	  

of the flowers and ensured that the birds did not return to the array for at least five 184	  

minutes.  When the bird returned to the array we recorded the first visit made.  Visits 185	  

were defined as a probe into a flower.  Each bird was tested only once. 186	  

 187	  

Statistical analyses 188	  

 189	  

 We compared the distribution of observed first visits made to all flowers during 190	  

Phase 2 to a distribution expected by chance with a Chi-squared of goodness-of-fit test.  191	  

Since the expected frequencies of the distribution of the visits were smaller than 5, a 192	  

randomization test with 10, 000 permutations was used to determine the probability of 193	  

obtaining the observed and more extreme results (Sokal & Rohlf, 1995). Since the P 194	  

values of both the Chi-squared of goodness of fit test and the randomization test were 195	  

similar we present only the P values for the randomization test. If the birds visited 196	  

flowers in the array randomly the chance of visiting any flower was assumed to be equal. 197	  

Nevertheless, for the purpose of the analysis the probabilities of the two irrelevant 198	  

flowers were pooled together so than the probability of visiting an irrelevant flower was 199	  

0.5 while the probability of visiting one of the relevant flowers was 0.25 each.  We also 200	  
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analysed the bird’s preference for the three types of flowers by comparing the number 201	  

of birds that visited each type of flower (location, colour or irrelevant) against the 202	  

proportion expected if birds were to visit the array at chance level by using a Binomial 203	  

test. Again, the expected proportion for both the location and colour flower was 25% 204	  

whereas the expected proportion for the irrelevant flowers was 50%. 205	  

 206	  

RESULTS 207	  

 208	  

Female rufous hummingbirds 209	  

 210	  

The mean (±SE) inter-trial interval was 20.6 ± 6.2 min.  Since all flowers were empty 211	  

during Phase 2, the rufous females could have searched all four flowers but only two 212	  

birds did.  Most birds searched only two flowers and for two birds both visits were to 213	  

the location flower.  During Phase 2, six of the 11 birds first visited the correct location, 214	  

one bird visited the flower of the correct colour first and four birds visited an irrelevant 215	  

flower first (Figure 2).  The overall distribution of choices was skewed towards location 216	  

but not significantly different from the frequencies expected by chance (as tested by a 217	  

Chi-square goodness of fit: χ2
2

 = 5.364, with a randomization P = 0.057).  218	  

Importantly for this experiment, where the birds were expected to visit the 219	  

flower with the correct colour, in fact, more female rufous hummingbirds returned to 220	  

the flower at the previous correct location than expected by chance (Binomial test with 221	  

an expected proportion of 0.25 for the location and colour flowers: location: 6/11, Z = 222	  

2.263, P = 0.034; colour: 1/11 Z = 1.218, P = 0.311; irrelevant flowers with an expected 223	  

proportion of 0.50: irrelevant: 4/11, Z = 0.904 P = 0.548).  224	  

 225	  
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Female white-eared and magnificent hummingbirds 226	  

 227	  

Due to the small sample size of female white-eared hummingbirds we pooled the visits 228	  

of both Mexican species of females together. The mean (±SE) inter-trial interval of the 229	  

females was 26.8 ± 2.0 min.  The majority of females (nine of eleven) returned first to 230	  

the flower at the correct previous location. Only one female first visited the flower with 231	  

the correct colour and no female went first to an irrelevant flower (Fig. 2). Together, the 232	  

distribution of first visits to the three different types of flowers was significantly 233	  

different to the distribution expected if the birds were revisiting the array at random 234	  

(tested by a Chi-squared goodness of fit test; χ2
2

 = 22.8, with a randomization P < 235	  

0.001).  236	  

  This preference for the flower in the original location was significantly higher 237	  

than expected by chance, while the visit to the flower of the correct colour did not differ 238	  

from chance (binomial test with an expected proportion of 0.25, 0.25 and 0.50 for the 239	  

location, colour and irrelevant flowers, respectively; location: 9/10, Z =4.746, P < 0.001; 240	  

colour: 1/10, Z = 1.095, P = 0.468 and irrelevant: 0/10, Z = 3.162, P < 0.001).  241	  

 242	  

Male white-eared hummingbirds 243	  

 244	  

The mean (±SE) inter-trial interval for the male white-eared hummingbirds was 245	  

13 ± 1.0 min.  Like the females from all three species, the majority of white-eared males 246	  

(six of eight birds) returned first to the flower at the correct previous location and not 247	  

the flower of the correct colour. Only one male visited the flower with the correct colour 248	  

first while another went first to an irrelevant flower (Fig. 2).  The general distribution of 249	  

first visits to the three different types of flowers was significantly different to the 250	  
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distribution expected if the birds were revisiting the array at random (as tested by a Chi-251	  

squared goodness of fit test, χ2
2

 = 10.75, with a randomization P = 0.007).   252	  

 The visits made to the flower at the original location were significantly greater 253	  

than expected by chance while the visits made to the colour flower were no different 254	  

from chance. The visits made to the two irrelevant flowers were significantly fewer than 255	  

expected by chance (Binomial test with an expected proportion of 0.25, 0.25 and 0.50; 256	  

location: 6/8, Z = 3.265, P = 0.004; colour: 1/8, Z = 0.816, P = 0.688 and irrelevant: 1/8, 257	  

Z = 2.121, P = 0.035).  258	  

 259	  

DISCUSSION 260	  

 261	  

Contrary to expectation, female hummingbirds of the three species we tested here did 262	  

not prefer to use colour cues when returning to a flower array: only one of the 11 rufous 263	  

females and one of the seven magnificent females returned first to the flower bearing 264	  

the same colour as the flower rewarded in Phase 1.  None of the three white-eared 265	  

females tested returned first to the flower with the correct colour cue.  Rather, like the 266	  

rufous males tested by Hurly and Healy (1996) the majority of the females first visited 267	  

the flower at the correct location (55% of the rufous females and 90% of the white-268	  

eared and magnificent females).  Male white-eared hummingbirds also first visited the 269	  

flower at the correct previous location (75%).  Although the birds tested differed in their 270	  

species, sex, territoriality, breeding stage (breeding or non-breeding season) or whether 271	  

they are latitudinal migrants, most of them preferred to use spatial cues to relocate a 272	  

reward.  273	  

 Although our results are not consistent with the previously reported female 274	  

preference for feature cues in other species (e.g. Dabbs et al., 1998; Astié et al., 1998; 275	  

Jones et al., 2003) they do concur with a preference for spatial cues in both sexes of 276	  
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great tits (Hodgson & Healy, 2005).  As the birds in that study experienced the same 277	  

location and colour 10 times in a row before they were tested, the authors speculated 278	  

that it was the repeated nature of the training that lead to both sexes preferring spatial 279	  

cues.  That would not, however, explain the outcome we observed because our 280	  

hummingbirds experienced the rewarded flower only once before they had to choose 281	  

between colour and spatial cues.   282	  

 Female hummingbirds, just like male hummingbirds forage amongst hundreds of 283	  

flowers every day. Within a female’s foraging range or a male’s territory, the colours 284	  

between flowers species might differ (e.g., red paintbrush; Castilleja spp versus yellow 285	  

columbines; Aquilegia flavescens) but colour alone would not be an informative cue on 286	  

whether a particular flower has been previously visited. Conversely, the location of a 287	  

flower alone is sufficient information to relocate an exact specific flower.  Therefore, 288	  

perhaps it is not surprising that females also prefer to use spatial cues to relocate a 289	  

rewarded flower.    290	  

There are, however, instances where feature cues might be more informative than 291	  

spatial cues (for both sexes). While migrating, as hummingbirds arrive at a new 292	  

stopover site, colour cues are likely to be helpful initially in locating flowers and at that 293	  

time we might expect birds to prefer to use feature cues to locate profitable sites.  Once 294	  

the birds learn the locations of rewarding plants in their new territories (which they 295	  

establish temporarily along their migration route), however, they should switch to using 296	  

spatial cues.  This possibility is supported by evidence that males can be flexible as to 297	  

their preferred cue use when in their breeding territory: after only three trials in which a 298	  

rewarded artificial flower was moved after each time the male fed, male rufous 299	  

hummingbirds switched from using spatial cues to relocate the rewarding site to using 300	  
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colour cues (Flores-Abreu, Hurly, & Healy, 2012).   We would need to test 301	  

hummingbirds’ cue preferences along the migration route to confirm this suggestion. 302	  

Furthermore, hummingbirds (and probably other animals) use different types of 303	  

cues at different scales. When male rufous hummingbirds had to return to a single 304	  

rewarded flower in an experimental array, for example, they used the relative position 305	  

of the flower within the array when flowers were spaced at 40 cm or less but when 306	  

flowers were further apart (i.e., 80 cm or more) the birds used the absolute location of 307	  

the flower (Healy & Hurly, 1998).  308	  

In sum, we suggest that these data add weight to the suggestion made by Hodgson 309	  

and Healy (2005) that sex differences in cue use are context dependent rather than 310	  

ecological and that it is likely that selection has favoured flexibility in cue use, rather 311	  

than fixed strategies that differ between the sexes.  312	  

 313	  

 314	  

Acknowledgements 315	  

 316	  

This research was supported by CONACyT (The Mexican National Council for Science 317	  

and Technology), the University of Lethbridge and the Natural Sciences and 318	  

Engineering Council of Canada and The University of St Andrew’s Russell Trust 319	  

Award. We thank the staff and administration of the Scientific Station “La Malinche”. 320	  

We thank two anonymous referees for their helpful comments on an earlier version of 321	  

the manuscript. We also thank Caitlin Higgott, Mark Hornsby, Michael Samuels, David 322	  

Pritchard and Maria José Pérez Crespo for support with the fieldwork.  323	  

 324	  

 325	  



           14 
	  

References 326	  

 327	  

Astié, A. A., Kacelnik, A., & Reboreda, J. C. (1998). Sexual differences in memory in 328	  

shiny cowbirds. Animal Cognition. 1, 77–82.  329	  

Collins, D., & Kimura, D. (1997). A large sex difference on a two-dimensional mental 330	  

rotation task. Behavioral Neuroscience.111, 845–849. 331	  

Dabbs, J. M., Chang, E.-L., Strong, R. A., & Milun, R. (1998). Spatial Ability, 332	  

Navigation Strategy, and Geographic Knowledge Among Men and Women. 333	  

Evolution and Human Behavior. 19, 89–98.  334	  

Flores-Abreu, I. N., Hurly, T. A., & Healy, S. D. (2012). One-trial spatial learning: wild 335	  

hummingbirds relocate a reward after a single visit. Animal cognition. 15, 631–637.  336	  

Gaulin, S. J. C., & Fitzgerald, R. W. (1986). Sex differences in spatial ability: An 337	  

evolutionary hypothesis and test. The American Naturalist.127, 74–88. 338	  

Gaulin, S. J. C., & Fitzgerald, R. W. (1989). Sexual selection for spatial-learning ability. 339	  

Animal Behaviour. 37, 322–331.  340	  

Gray, J., & Buffery, A. (1971). Sex differences in emotional and cognitive behaviour in 341	  

mammals including man: Adaptive and neural bases. Acta Psychologica. 35, 89–342	  

111. 343	  

Guigueno, M. F., Snow, D. A., MacDougall-Shackleton, S. A., & Sherry, D. F. (2014). 344	  

Female cowbirds have more accurate spatial memory than males. Biology Letters. 345	  

10, 20140119. 346	  



           15 
	  

Healy, S.D., & Hurly, T. A. (1998). Rufous hummingbirds’ (Selasphorus rufus) 347	  

memory for flowers: Patterns or actual spatial locations? Journal of Experimental 348	  

Psychology: Animal Behavior Processes. 24, 396-404. 349	  

Hodgson, Z. G., & Healy, S. D. (2005). Preference for spatial cues in a non-storing 350	  

songbird species. Animal Cognition. 8, 211–4.  351	  

Hurly, T. A., & Healy, S. D. (1996). Memory for flowers in rufous hummingbirds: 352	  

location or local visual cues? Animal Behaviour. 51, 1149–1157.  353	  

Jones, C. M., Braithwaite, V. A., & Healy, S. D. (2003). The evolution of sex 354	  

differences in spatial ability. Behavioral Neuroscience.117, 403–411.  355	  

Jones, C. M., & Healy, S. D. (2006). Differences in cue use and spatial memory in men 356	  

and women. Proceedings of the Royal Society B: Biological Sciences. 273, 2241–357	  

2247.  358	  

Jozet-Alves, C., Modéran, J., & Dickel, L. (2008). Sex differences in spatial cognition 359	  

in an invertebrate: the cuttlefish. Proceedings of the Royal Society B: Biological 360	  

Sciences. 275, 2049–2054.  361	  

Kavaliers, M., Ossenkopp, K., Prato, F., Innes, D., Galea, L., Kinsella, D., & Perrot-362	  

Sinal, T. (1996). Spatial learning in deer mice: Sex differences and the effects of 363	  

endogenous opioids and 60 Hz magnetic fields. Journal of Comparative 364	  

Physiology A. 179, 715–724. 365	  

Kodric-Brown, A., & Brown, J. H. (1978). Influence of economics, interspecific 366	  

competition, and sexual dimorphism on territoriality of migrant rufous 367	  

hummingbirds. Ecology. 59, 285–296. 368	  



           16 
	  

 369	  

Lacreuse, A., Herndon, J., Killiany, R., Rosene, D., & Moss, M. (1999). Spatial 370	  

cognition in rhesus monkeys: Male superiority declines with age. Hormones and 371	  

Behavior.36, 70–76. 372	  

Lara, C. (2006). Temporal dynamics of flower use by hummingbirds in a highland 373	  

temperate forest in Mexico. Écoscience.13, 23–29. 374	  

Perdue, B. M., Snyder, R. J., Zhihe, Z., Marr, M. J., & Maple, T. L. (2011). Sex 375	  

differences in spatial ability: a test of the range size hypothesis in the order 376	  

Carnivora. Biology Letters. 7, 380–383. 377	  

Reboreda, J. C., Clayton, N. S., & Kacelnik, A. (1996). Species and sex differences in 378	  

hippocampus size in parasitic and non-parasitic cowbirds. Neuroethology.7, 505–379	  

508. 380	  

Rodríguez, C. A., Chamizo, V. D., & Mackintosh, N. J. (2011). Overshadowing and 381	  

blocking between landmark learning and shape learning: the importance of sex 382	  

differences. Learning & Behavior.39,324-335. 383	  

Roof, R. L., & Stein, D. G. (1999). Gender differences in Morris water maze 384	  

performance depend on task parameters. Physiology & Behavior. 68, 81–6.  385	  

Schmidtke, D., & Esser, K.-H. (2011). Sex matters in echoacoustic orientation: gender 386	  

differences in the use of acoustic landmarks in Phyllostomus discolor (lesser spear-387	  

nosed bat). Journal of Comparative Physiology. A. 197, 531–539.  388	  



           17 
	  

Seymoure, P., Dou, H., & Juraska, J. (1996). Sex differences in radial maze 389	  

performance: influence of rearing environment and room cues. Psychobiology. 24, 390	  

33–37. 391	  

Silverman, I., Choi, J., Mackewn, A., Fisher, M., Moro, J., & Olshansky, E. (2000). 392	  

Evolved mechanisms underlying wayfinding: further studies on the hunter-gatherer 393	  

theory of spatial sex differences. Evolution and Human Behavior. 21, 201–213. 394	  

Sokal, R. R., & Rohlf, F. J. (1995). Biometry. The principles and practice of biological 395	  

research (3rd ed.). New York: W.H. Freeman and Company. 396	  

Temeles, E. J., Shaw, K. C., Kudla, A. U., & Sander, S. E. (2006). Traplining by purple-397	  

throated carib hummingbirds: behavioral responses to competition and nectar 398	  

availability. Behavioral Ecology and Sociobiology. 61, 163–172.  399	  

Vallortigara, G. (1996). Learning of colour and position cues in domestic chicks: Males 400	  

are better at position, females at colour. Behavioural Processes. 36, 289–296.  401	  



           18 
	  

Figure legends 402	  

 403	  

Figure1. Diagram of the experimental set up. During Phase 1, a hummingbird had to 404	  

search for one rewarded flower amongst four flowers presented in an 80 cm square 405	  

array.  Before the bird returned, we switched the rewarded flower with the flower in the 406	  

diagonal corner.  During phase 2 all flowers were empty.  The dashed arrows indicate 407	  

the flowers that had been switched in Phase 2. 408	  

 409	  

Figure 2. The proportion of first visits made to each flower type during Phase 2 (N = 11 410	  

female rufous hummingbirds, 3 female white-eared hummingbirds, 7 female 411	  

magnificent hummingbirds, 8 male white-eared hummingbirds).  The black horizontal 412	  

line represents chance for both the correct location and correct colour whereas the grey 413	  

dashed line represents chance for the two irrelevant flowers.  Asterisks indicate the 414	  

statistical significance of comparisons between observed and expected values (* P < 415	  

0.05, ** P < 0.005, *** P < 0.001).  416	  

 417	  
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Figure 2 444	  
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