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On the lookout for danger: House Sparrow alert distance in three cities
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Abstract The House Sparrow Passer domesticus, closely associated with human presence along
urban-agricultural landscapes and widely distributed species outside its native range, has shown
great morphological and physiological variations, with its plasticity linked to its invasiveness.
Yet, there is a dearth of knowledge on the escape behavior of this sparrow along its North
American invasion range. We here assessed House Sparrows alert distances in Los Angeles and
Mexico City, but also in Barcelona as a control within its native distribution, considering ‘city’,
‘sex/age’ (adult males vs. adult females and immatures), and ‘flock size’ as alert distance
predictors. Through a linear model and a classification and regression tree, we identified that
House Sparrow alert distances in Barcelona were significantly larger when compared to both
studied North American cities (Los Angeles, Mexico City). Given that alert distances were also
significantly larger in Los Angeles when contrasted with those from Mexico City, where it has
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been recently shown to be hyper-abundant, our results also suggest that its boldness could be

related not only to an origin (native/non-native) driver, but also to a density-dependent process.

Keywords Barcelona, flushing distance, Los Angeles, Mexico City, Passer domesticus, urban

ecology.
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Introduction

The establishment or growth of an urban system goes beyond the often simplistic view of the
replacement of pre-existing land-uses. Instead urbanization processes represent severe physical
and ecological changes associated with fulfilling modern urban needs (Eldredge and Horenstein
2014). Although urbanization filters regional avian species pools, limiting the presence of an
important proportion of species in cities (Aronson et al. 2014), there is growing evidence of
changes to wildlife associated with adaptive responses to urbanization by those species able to
overcome urban hazards and able to use the novel array of resources, which can ultimately drive
adaptation and evolution (Diaz et al. 2013; McDonnell and Hahs 2015; Johnson and Munshi-
South 2017; Samia et al. 2017). In the light of an increasingly urbanized planet, there is a
pressing need to understand wildlife responses to urbanization (McDonnell and Hahs 2015;
McDonnell and MacGregor-Fors 2016).

Fischer et al. (2015) suggested three types of urban wildlife species categories based on
their population response to urbanization: (1) ‘avoiders,’ (2) ‘utilizers,” and (3) ‘dwellers.’
Among urban ‘dwellers,” some species can experience population explosions, which Blair (1996)
coined as ‘exploiters.” Avian urban exploiters have been widely studied in the search of the traits
related to the successful species facing such a dramatic environmental scenario as the urban one
(e.g., Kark et al. 2006; Vincze et al. 2015). Exploiters have also received attention in regards to
their potential negative effects with native urban avifauna (MacGregor-Fors et al. 2010,
Gonzélez-Oreja et al. 2018). Among the most frequent cosmopolitan bird species, the Rock Dove
Columba livia and House Sparrow Passer domesticus head the list, with both of them considered

urban exploiters in many regions of the globe (Aronson et al. 2014).
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The House Sparrow, which has been a human commensal species known to live in
Eurasia before modern times (Lowther and Cink 2006), has been subject to study for decades due
to its impressive range-expanding invasive capacity in several regions worldwide (Aronson et al.
2014). Currently, the House Sparrow has populations in most of Europe, a large proportion of
Western, South-Central, and South-Eastern Asia, South-East Oceania, Southern Africa, most
North America (except North-Central Canada and Greenland), Central America, and South
America (except the Amazon Basin and the Caribbean region) (Summers-Smith et al. 2018).
Specifically for North America, the House Sparrow was introduced in the New England area in
at least 16 independent events from 1850-1881 (Brown and Wilson 1975). After colonizing most
of the United States, it is presumed that the House Sparrow arrived to Mexico City by the 1930s
(Wagner 1959), only 49-80 years after its initial introduction. Studies focused on House Sparrow
morphological differences have found great variation across its North American range, generally
regarding its adaptation to contrastingly different environmental and climatic scenarios in the
face of the contrasting environmental heterogeneity of the regions it has successfully invaded
(Johnston and Selander 1964, 1971; Lowther 1977).

House Sparrows have been extensively studied along their North American invasion
range (mostly in Northern North America) for many decades now, including evidence of
morphological differences along their northern invasion range, as well as their physiology
(Johnston and Selander 1964, 1973; Kendeigh 1976, Lowther 1977, Martin et al. 2004).

Yet, there is an important dearth of knowledge on the behavior of this species, essentially
circumscribed to urban—agricultural landscapes throughout its North American invasion
distribution. Recently, a study focused on House Sparrow densities in three urban—agricultural
landscapes related to three cities (i.e., Barcelona, Los Angeles, Mexico City) showed differing
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results among and within landscapes (MacGregor-Fors et al. 2017). Briefly, this study reports
higher densities in the studied landscape including Mexico City and lower densities in those of
Los Angeles and Barcelona, showing that their densities are not dependent from the origin of
their populations (i.e., native, exotic).

In this study, we assessed House Sparrow escape distances in the same three cities
considered in the aforementioned study (i.e., Barcelona, Los Angeles, Mexico City). We focused
on escape distances as they have shown to be a robust way to assess predation risk, specifically
the reaction to an approaching potential predator (Ydenberg and Dill 1986). In particular, alert
distance (i.e., distance at which birds become aware of a threat) has been used as an indicator of
the ability of birds to detect potential predators (Fernandez-Juricic et al. 2001, Blumstein et al.
2004). Thus, escape distances have been long considered as useful approximations of how the
boldness or shyness of individuals (Wilson et al. 1994).

We had two mutually exclusive predictions related to a behavioral response (i.e., alert
distances) of House Sparrow and their population densities: (1) if their invasiveness is related
with their boldness, we then predicted individuals from Los Angeles and Mexico City (which are
part of the North American invasion population) to be less wary about human approaches than
those from Barcelona (which is part of the distribution range considered to be native for the
species), resulting in shorter alert distances in these two cities, and (2) if their densities are
related to their boldness, we then expected individuals in the city where higher densities were
recorded (i.e., Mexico City: average density during the breeding season: 11.6-21.7 ind/ha;
MacGregor-Fors et al. 2017) to be less wary about human approaches than those from lower
density cities (i.e., Barcelona: average density during the breeding season: 4.5-5.7 ind/ha; Los
Angeles: average density during the breeding season: 1.2-2.5 ind/ha; MacGregor-Fors et al.
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2017), resulting in shorter alert distances in Mexico City when compared with Barcelona and

Los Angeles.

Methods

Study area

We conducted this study in three cities where the House Sparrow is present: Barcelona
(Catalonia, Spain), Los Angeles (California, United States) and Mexico City (Mexico).
Barcelona is located in the south-eastern region of the Iberian Peninsula (41°23°30” N, 2°10°25”
E; ~16 m above sea level), surrounded by the Mediterranean Sea and confined by a mountainous
system. It is the second most populated city in Spain (~1.6 million inhabitants), with its
metropolitan area housing 4.7 million residents (Demographia 2017). Los Angeles is located in
the south-western coast of the United States (34°3°4” N, 118°14°37” W, ~86 m above sea level)
(USCB 2012). The Los Angeles-Long Beach-Anaheim metropolitan area has approximately 12.1
million inhabitants. Finally, Mexico City is located in the Valley of Mexico, as part of the
Transverse Volcanic Axis (19°25°56” N, 99° 7' 59” W; ~2200 m above sea level). According to
the National Institute of Statistics and Geography of Mexico (INEGI 2010), the Metropolitan

area has ~20 million inhabitants.

Fieldwork

We assessed House Sparrows alert distances by walking toward House Sparrows at different
sectors of the studied cities during June and early July of 2016 (Barcelona: June 15-29; Los
Angeles: June 8-July 7; Mexico City June 1-23). In Barcelona, El Poblenou, Eixample, Sant
Pere, La Barceloneta, Sant Marti, Les Corts, Les Tres Torres, Sarria-Sant Gervasi, Santa Eulalia,
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and Gornal; in Los Angeles, Fashion District, Flower District, Koreatown, Hollywood,
Inglewood, Hawthorne, and EI Pueblo; in Mexico City, Pedregal de Santa Ursula, EI Caracol,
Villa Panamericana, and Pedregal de la Zorra. Given that after noticing our presence, House
Sparrows tend to hop a few meters away from its initial position and can take several repetitions
of such behavior before fleeing (often hoping under a car or fenced area) in some of our study
areas, we did not measure flight initiation distances per se, a variable that has been widely
studied for birds in the past (Cooke 1980; Erwin 1989; Fernandez-Juricic 2000; Blumstein 2003,
2006; Anderson 2006). Thus, the response variable that was comparable among cities was the
moment in which sparrows were wary of our presence (i.e., alert distance). Upon encountering a
House Sparrow, one observer walked towards the targeted individual at a consistent pace (~2
km/h) to elicit a behavioral response. We recorded the following information when spotting a
House Sparrow: (1) ‘sex/age’ (i.e., adult males vs. adult females and immatures), (2) ‘flock size’
(number of sparrows grouped in distances <2 m with the targeted individual), and (3) distance at
which the individual evidently reacted to our presence approaching it (m), recorded using laser
rangefinders (Bushnell Yardage Pro Sport 450). We note that the sampling sites were selected
based previous knowledge regarding the presence of House Sparrows, as well as the accessibility

to conduct the surveys.

Statistical analyses

To test differences in the alert distances of House Sparrows at the three studied cities, we
performed a linear model (LM). Due to the lack of homogeneity of variance in ADs by city, we
log-transformed (log(x+1)) ADs. We included ‘city’ (i.e., Barcelona, Los Angeles, Mexico City),
‘sex/age’, and ‘flock size’ as independent variables for the LM. In order to perform contrasts
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among the three cities, we used the ‘gmodels’ package for R (function ‘estimable’; Warnes et al.
2018). Based on the variables shown to be significantly related with our independent variable in
the LM, we performed classification and regression trees (CARTS). This method uses binary
recursive partitioning to identify independent variables that best explain variations in the
dependent variable. CARTSs consider deviance, which is analogous to the residuals of sum of
squares in multiple regressions (used in a similar fashion to the forward procedure of
independent variable selection) (Crawley 2013). To run CARTSs, we used the ‘rpart’ package for
R (Therneau et al. 2018). One of the particularities of ‘rpart’ is that it used ANOVAs to split the
dataset into two mutually exclusive subsets based on an identified threshold for the independent
variable explaining most variance of the dependent one at any given step. As the method is
hierarchical, sample size deceases toward the terminal, furthest down node, given by the loss of
deviance. Due to its procedure based in ANOVAs, ‘rpart’ is better than other ways of
constructing CARTSs at anticipating the results of model simplification, reason why there it no
need to prune them. In its graphic representation, CARTS provide the mean value of the
dependent variable at the terminal node of all identified scenarios. Thus, CARTS are a robust
procedure to identify the scenarios under which the dependent variable changes in a dichotomous
and hierarchical manner as a result of variations of the related independent variables at each step

(Crawley, 2013). All statistical analyses were run in R (R Development Core Team, 2018).

Results

We gathered a total of 208 House Sparrow alert distance records in the studied cities.
Specifically, we recorded the response of 106 individuals in Barcelona, 50 in Los Angeles, and
52 in Mexico City. House Sparrow ‘flock sizes’ ranged from 1 to 10 individuals (mean + SD;
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Barcelona = 1.5 + 0.8 individuals, Los Angeles = 2.3 + 1.9 individuals, Mexico City =1.8 + 1.7
individuals). House Sparrow alert differences were shorter for Mexico City (2.0 £ 2.7 m; max.
12 m), than those from the other two cities: Barcelona (8.5 = 4.0 m; max. 20.8 m), Los Angeles
(7.2 £5.2 m; max. 23.4 m).

The LM showed that only ‘city’ showed a significant relationship with House Sparrow
ADs, while ‘sex/age’ indicated a non-significant trend (F1,203 = 3.12, P = 0.07), with adult males
being less bold than adult females and juveniles (Table 1). ADs at all three cities showed to be
significantly different (i.e., Barcelona—Los Angeles contrast: toz = 2.95, P = 0.003; Barcelona—
Mexico City contrast: toos =-12.83, P < 0.001; Los Angeles—Mexico City contrast: too3 = 8.10, P
< 0.001).

Considering ‘city’ and ‘sex/age’ (variables that showed a significant and a non-
significant trend in the LM), the CART untangled their relationship with House Sparrow alert
distances. Above all, it corroborated the hierarchical importance of ‘city’ in explaining recorded
variations in House Sparrow alert distances at the studied cities. First, alert distances were
shorter in Mexico City (average = 2 m), regardless of ‘sex/age’, when compared to any of the
four scenarios identified for Los Angeles and Barcelona. Next, the CART subsequently splits
Los Angeles and Barcelona, with ‘sex/age’ splitting variations in Barcelona, with adult male
House Sparrow exhibiting 20% larger average alert distances (9.6 m) when compared to adult

females and juveniles (7.9 m) (Figure 1).

Discussion
The ability to colonize and thrive in urban conditions is a key factor that facilitates the successful
invasion of species (Maller et al. 2015; Gonzalez-Lagos and Quesada 2017). In this study, we
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found that House Sparrows from Mexico City were significantly bolder in terms of alert
distances than those from Barcelona and Los Angeles (with also differed significantly among
them), with ‘sex/age’ representing an important variables Barcelona. Given that alert distances
were significantly higher in Barcelona when compared to those from Mexico City and Los
Angeles, our findings support our first hypothesis (relation between House Sparrow invasiveness
and boldness). Yet, due to the fact that alert distances were significantly lower in Mexico City
when contrasted to those recorded at Los Angeles, our results are also in agreement with our
second prediction, showing a positive association between alert distances and House sparrow
densities, at least in cities where it is non-native and invasive (see MacGregor-Fors et al. 2017).
Although it is impossible with our current dataset to determine if the sparrow boldness in Mexico
City is associated with its large population density in the city or if its boldness allowed it to
become highly successful (Nocedal 1987; Ortega-Alvarez and MacGregor-Fors 2009), our
results suggest that this behavior could be tied to a density-dependent process.

Although our results clearly show that ‘city’ was the most important variable associated
with shifts in House Sparrow alert distances, we also found a non-significant trend in the LM
with ‘sex/age’. These results were confirmed and explained by the CART, relating ‘sex/age’ only
with Barcelona. In this case, the analysis shows that alert distances of adult males are longer than
those for adult females and juveniles. Although we could not distinguish females from immature
males in the field, this particular finding seems counter-intuitive in the light of the behavior of
male House Sparrows, which have complex intra-sexual status signals and aggressive
interactions (e.g., bib size, wingbars; Bokony et al. 2006), and they have been shown to be more
resilient to certain stressors than females (Ensminger and Westneat 2012). Yet, this result could
also be related to differences in the dominant status of the studied House Sparrows, which have
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been documented to adopt different behavioral strategies in urban conditions (Lendvai et al.
2006). Indeed, the directional survival selection of the smaller intra-sexual status signals, which
are positively related with boldness, has been recorded in urban passerine males in Barcelona,
complimenting the reasons behind male boldness in comparison to females or immatures (Senar
et al. 2014). Moreover, given that our study does not only consider sex, but also has an age
component. Age has been shown to play an important role in avian flushing distances (Dhindsa
and Boag 1989), and we suggest that future studies use field marks (e.g., extent of black around
the eye, bib size; Nakagawa and Burke 2008) and survey over specified time-windows before the
long breeding season of this species. In our case here, January seems to be the best option (sensu
Summers-Smith et al. 2018) to untangle the relative role of these potential drivers on House
Sparrow escape distances. Careful attention should be paid to local breeding periods, as this
species has irregular and multiple breeding events across tropical and subtropical regions
(Anderson 2006).

Regarding ‘flock size’, it was not found to be significantly related with House Sparrow
alert distances by the LM, and thus were not included in the CART. A previous study performed
in wooded parks of Madrid provided evidence that House Sparrows increase buffer distances
with the number of conspecifics (Fernandez-Juricic et al. 2002). Yet, other studies have shown
that this sparrow can behave differently in heavily-urbanized sites when compared to other less-
developed conditions (Vincze et al. 2015). Although we did not find ‘flock size’ to relate with
alert distances, it is important to underline that most of our records were from birds in singles,
pairs, or triples (overall 1.80 £ 1.43 individuals/flock; see Results for details by city). Although
these numbers may seem low, they are in line with the ‘flock sizes’ reported for House Sparrows
in several European cities (average ‘flock size’ 1.95 individuals; Samia et al. 2017).
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Previous studies have shown that the response of wildlife species to human approach is
species-specific (Blumstein 2003, 2006); yet, most studies focus on single locations, without
comparing populations of the same species in which their densities differ. We recognize that our
study considers only three cities during one field season, and therefore acknowledge the
limitations of the generalization of our findings. Additionally, we are aware that we only tested
one of the potential drivers of House Sparrow boldness, measured through alert distances; yet,
there are many other factors, including confounding ones, that could also be behind our findings,
including —but not only— habituation to humans (Mgller 2008, Diaz et al. 2015), as well as
human density (Mgller and Diaz in press; Samia et al. 2017; Vincze et al. 2015), geographical
differences (e.g., latitudinal behavioral responses; Diaz et al. 2013), and neuroendocrine traits
(Chéavez-Zichinelli et al. 2010; Liebl and Martin 2012). Nevertheless, our results clearly show
that House Sparrow alert distances in one city located within the region where we consider it
native (i.e., Barcelona) were significantly larger when compared to both studied North American
cities. Given that alert distances were significantly larger in Los Angeles when contrasted with
those from Mexico City (where it is hyper-abundant; MacGregor-Fors et al. 2017), our results
also suggest that its boldness could be related to density-dependent processes. Based on our
results and others in the literature, we suggest that future studies could add evidence to or refute
this phenomenon by including a wider array of cities, testing hypotheses related to the
familiarization to humans, geographical variations, as well as the physiology of House Sparrows,
and including scenarios in which House Sparrows are hyper-abundant, as well as scarce, and

finding strategies to sex and age all of the assessed individuals.

Acknowledgments

12



258

259

260

261

262

263

264

265

266

We are deeply thankful to the anonymous reviewers and Michelle Garcia-Arroyo for their
comments and suggestions that enhanced the quality and clarity of our manuscript, as well as
Luis E. Sanchez-Ramos for his help with fieldwork in Mexico City, and Roger Guevara for his
assistance with statistical procedures. Research funds were granted by UC MEXUS-CONACYT
to P.J.Y. and I.M.-F. (CN-13-587), National Geographic Society to P.J.Y. and I.M.-F., the
Natural Sciences Museum of Barcelona and Fundacio Zoo de Barcelona to J. Q. (PASSERCAT-
1 project), the UC Natural Reserve System to J.G.-H.L. (Mildred E. Mathias Graduate Student
Research Grant Program), and the Santa Monica Bay Audubon Society to J.G.-H.L. (Small

Grants for Field Study Projects).

13



267

268

269

270

271

272

273

274

275

276

277

2178

279

280

281

282

283

284

285

286

287

288

References

Anderson TR (2006) Biology of the Ubiquitous House Sparrow: From Genes to Population.
Oxford University Press, New York

Aronson MF, La Sorte FA, Nilon CH, Katti M, Goddard MA, Lepczyk CA, Warren PS,
Williams NS, Cilliers S, Clarkson B, Dobbs C, Dolan R, Hedblom M, Klotz S,
Kooijmans JL, Kiihn I, MacGregor-Fors I, McDonnell M, Mértberg U, Pysek P, Siebert
S, Sushinsky J, Werner P, Winter M (2014) A global analysis of the impacts of
urbanization on bird and plant diversity reveals key anthropogenic drivers. Proc Royal
Soc Lond B 281:20133330

Blair RB (1996) Land use and avian species diversity along an urban gradient. Ecol Appl 6:506—
519

Blumstein DT (2003) Flight-initiation distance in birds is dependent on intruder starting distance.
J Wildlife Manage 67:852-857

Blumstein DT (2006) Developing an evolutionary ecology of fear: how life history and natural
history traits affect disturbance tolerance in birds. Anim Behav 71:389-399

Blumstein DT, Fernandez-Juricic E, LeDee O, Larsen E, Rodriguez-Prieto I, Zugmeyer C (2004)
Avian risk assessment: Effects of perching height and detectability. Ethology 110:273—
285

Bdkony V, Lendvai A, Liker A (2006) Multiple cues in status signalling: the role of wingbars in
aggressive interactions of male House Sparrows. Ethol 112:947-954

Brown NS, Wilson GI (1975) A comparison of the ectoparasites of the House Sparrow (Passer

domesticus) from North America and Europe. Am Midl Nat 94:154-165

14



289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

Chavez-Zichinelli CA, MacGregor-Fors I, Talaméas Rohana P, Valdéz R, Romano M.C,
Schondube, JE (2010) Stress responses of the House Sparrow (Passer domesticus) to
different urban land uses. Condor 98:183-189

Cooke AS (1980) Observations on how close certain passerine species will tolerate an
approaching human in rural and suburban areas. Biol Conserv 18:85-88

Crawley MJ (2013) The R book. Wiley, Chichester

Demographia (2017) Demographia World Urban Areas (Built-Up Urban Areas or Urban
Agglomerations) (13th annual edition). Wendell Cox Consultancy, Belleville

Dhindsa MS, Boag DA (1989) Influence of age on the flushing distance of marked and
unmarked black-billed magpies. Ornis Scand 20:76-79

Diaz M, Mgller AP, Flensted-Jensen E, Grim T, Ibafiez-Alamo JD, Jokimaki J, Marko G,
Tryjanowski P (2013) The Geography of fear: A latitudinal gradient in anti-predator
escape distances of birds across Europe. PLoS ONE 8:e64634

Diaz M, Cuervo JJ, Grim T, Flensted-Jensen E, Ibafiez-Alamo JD, Jokiméaki J, Marké G,
Tryjanowski P, Mgller AP (2018) Interactive effects of fearfulness and geographical
location on bird population trends. Behav Ecol 26:716-721

Eldredge N, Horenstein S (2014) Concrete Jungle: New York City and our Last Best Hope for a
Sustainable Future. University of California Press, Oakland

Ensminger AL, Westneat DF (2012) Individual and sex differences in habituation and neophobia
in House Sparrows (Passer domesticus). Ethol 118:1085-1095

Erwin M (1989) Responses to human intruders by birds nesting in colonies: experimental results

and management guidelines. Colonial Waterbirds 12:104-108

15



311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

Fernandez-Juricic E (2000) Local and regional effects of pedestrians on forest birds in a
fragmented landscape. Condor 102:247-255

Fernandez-Juricic E, Jimenez MD, Lucas E (2002) Factors affecting intra- and inter-specific
variations in the difference between alert distances and flight distances for birds in
forested habitats. Can J Zool 80:1212-1220

Fernandez-Juricic E, Jimenez MD, Lucas E (2001) Alert distance as an alternative measure of
bird tolerance to human disturbance: Implications for park design. Environ Conserv
28:263-269

Fischer JD, Schneider SC, Ahlers AA, Miller JR (2015) Categorizing wildlife responses to
urbanization and conservation implicationWilson, D. S., Clark, A. B., Coleman, K. and
Dearstyne, T. 1994. Shyness and boldness in humans and other animals. - Trends Ecol.
Evol. 9: 442-446.s of terminology. Conserv Biol 29:1246-1248

Gonzalez-Lagos C, Quesada J (2017) Stay or leave? Avian behavioral responses to urbanization
in Latin America. In: MacGregor-Fors |, Escobar-Ibafiez JF (eds) Avian Ecology in
Latin American Cityscapes. Springer, Cham. pp. 99-123

Gonzalez-Oreja JA, Zuria |, Carbd-Ramirez P, Charre GM (2018) Using variation partitioning
techniques to quantify the effects of invasive alien species on native urban bird
assemblages. Biol Inv 20:2861-2874

(INEGI) Instituto Nacional de Estadistica y Geografia (2010) Censo de Poblacién y Vivienda
2010: Estados Unidos Mexicanos Resultados Preliminares. INEGI, Aguascalientes

Johnson MTJ, Munshi-South J (2017) Evolution of life in urban environments. Science

358:eaam8327

16



333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

Johnston RF, Selander RK (1964) House Sparrows: rapid evolution of races in North America.
Science 144:548-550

Johnston RF, Selander RK (1971) Evolution in the House Sparrow. Il. Adaptive differentiation
in North American populations. Evol 25:1-28

Johnston RF, Selander RK (1973) Evolution in the House Sparrow. I11. Variation in size and
sexual dimorphism in Europe and North and South America. Am Nat 107:373-390

Kark S, lwaniuk A, Schalimtzek A, Banker E (2006) Living in the city: can anyone become an
‘urban exploiter’? J Biogeogr 34:638—651

Kendeigh SC (1976) Latitudinal trends in the metabolic adjustments of the House Sparrow.
Ecology 57:509-519

Lendvai AZ, Liker A, Barta Z (2006) The effects of energy reserves and dominance on the use of
social-foraging strategies in the House Sparrow. Anim Behav 72:747-752

Liebl AL, Martin LB (2012) Exploratory behavior and stressor hyper-responsiveness facilitate
range expansion of an introduced songbird. Proc Royal Soc Lond B 279:4375-4381

Lowther PE (1977) Selection intensity in North American House Sparrows (Passer domesticus).
Evol 31:649-656

Lowther PE, Cink CL (2006) House Sparrow (Passer domesticus). In: Rodewald PG (Eed) The
Birds of North America. Cornell Lab of Ornithology, Ithaca.

http://bna.birds.cornell.edu/bna/species/012. Accessed 28 September 2018

MacGregor-Fors |, Morales-Pérez L, Quesada J, Schondube JE (2010) Relationship between the
presence of House Sparrows (Passer domesticus) and Neotropical bird community

structure and diversity. Biol Inv 12:87-96

17


http://bna.birds.cornell.edu/bna/species/012

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

MacGregor-Fors I, Quesada J, Lee JG-H, Yeh PJ (2017) Space invaders: House Sparrow
densities along three urban—agricultural landscapes. Avian Cons Ecol 12:11

Martin LB, Pless M, Svoboda J, Wikelski M (2004) Immune activity in temperate and tropical
House Sparrows: A common-garden experiment. Ecology 85:2323-2331

McDonnell MJ, MacGregor-Fors | (2016) The ecological future of cities. Science 352:936-938

McDonnell MJ, Hahs AK (2015) Adaptation and adaptedness of organisms to urban
environments. Annu Rev Ecol Evol Syst 46:261-280

Mgller AP (2008) Flight distance of urban birds, predation, and selection for urban life. Behav
Ecol Sociobiol 63:63-75

Mgller AP, Diaz M (2018) Avian preference for close proximity to human habitation and its
ecological consequences. Current Zool 64:623-630

Magller AP, Diaz M, Flensted-Jensen E, Grim T, Ibafiez-Alamo JD, Jokimaki J, Gaivo M,
Tryjanowski P (2015) Urbanized birds have superior establishment success in novel
environments. Oecologia 178:943-950

Nakagawa S, Burke T (2008) The mask of seniority? A neglected age indicator in House
Sparrows Passer domesticus. J Avian Biol 39:222-225

Nocedal J (1987) Las comunidades de pajaros y su relacion con la urbanizacion en la Ciudad de
México. In: Rapoport E, Lopez-Moreno IR (eds) Aportes a la Ecologia Urbana de la
Ciudad de México. Limusa, Mexico City. pp. 73-103.

Ortega-Alvarez R, MacGregor-Fors | (2009) Living in the big city: effects of urban land-use on
bird community structure, diversity, and composition. Landsc Urban Plan 90:189-195

R Development Core Team (2018) R: A Language and Environment for Statistical Computing. R
Foundation for Statistical Computing,. Vienna

18



378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

Samia DSM, Blumstein DT, Diaz M, Grim T, Ibafiez-Alamo JD, Jokimaki J, Mgller AP (2017)
Rural-urban differences in escape behavior of European birds across a latitudinal
gradient. Front Ecol Evol 5:66

Senar JC, Conroy MJ, Quesada J, Mateos-Gonzalez, F (2014) Selection based on the size of the
black tie of the Great Tit may be reversed in urban habitats. Ecol Evolution 4:2625-2632

Summers-Smith D, Christie DA, Garcia EFJ (2018) House Sparrow (Passer domesticus). In:
Hoyo J, Elliott A, Sargatal J, Christie DA, de Juana E (eds) Handbook of the Birds of the
World Alive. Lynx Edicions, Barcelona

Therneau T, Atkinson B, Ripley B (2018) rpart: recursive partitioning and regression trees. R
package version 4.1-13. R Foundation for Statistical Computing, Vienna

(USCB) United States Census Bureau (2012) Statistical abstract of the United States: 2012.
USDC 2012:111

Vincze E, Papp S, Preiszner B, Seress G, Liker A, Bokony V (2015) Does urbanization facilitate
individual recognition of humans by house sparrows? Anim Cogn 18:291-298

Vincze E, Papp S, Preiszner B, Seress G, Bokony V, Liker A (2016) Habituation to human
disturbance is faster in urban than rural house sparrows. Behav Ecol 27:1304-1313

Wagner HO (1959) Die Einwanderung des Haussperlings in Mexiko. Ethol 16:584-592

Warnes GR, Bolker B, Lumley T, Johnson RC (2018) gmodels: Various R Programming Tools
for Model Fitting. R package version 2.18.1

Wilson DS, Clark AB, Coleman K, Dearstyne T (1994) Shyness and boldness in humans and
other animals. Trends Ecol Evol 9: 442446

Ydenberg RC, Dill LM (1986) The economics of fleeing from predators. Adv Study Behav
16:229-249

19



401 Table 1. LM considering relationships between ‘city,” ‘sex/age’ (i.e., adult males vs. adult

402 females and immatures), and ‘flock size’ with House Sparrow alert distances.
403

404 Variable F df P

405 ‘City’ 83.11 2 <0.001

406 ‘Sex/Age’ 3.12 1 0.079

407 ‘Flock size’ 1.80 1 0.181

20



408 Figure 1. Classification and regression tree (CART) relating ‘city’ and ‘sex/age’ with House

409 Sparrow alert distances in the three studied cities. Numbers displayed at the bottom of the CART

410 represent average alert distances under the ‘city’ and ‘sex/age’ scenarios. * ‘S/A’ = ‘sex/age’.
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