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ABSTRACT OF THE THESIS 

 

The effects of urbanization 

on the ecology of bird communities 

in Los Angeles 

 

by 

 

Jeffrey Ga-Ho Lee 

Master of Science in Biology 

University of California, Los Angeles, 2016 

Professor Pamela J. Yeh, Chair 

 

Urbanization, characterized by the rapid growth of human development and resource 

consumption, not only replaces preexisting habitats but can also convert entire landscapes and 

their associated ecological services. As a result, these areas provide researchers with 

opportunities to study how wildlife species respond to novel habitat scenarios. In Chapter 1, we 

directly compared the House Sparrow’s (Passer domesticus) success among different habitat 

typologies in its native and non-native distributions. We related their numbers to environmental 

variables describing vegetation structure, urban infrastructure, and human activity. Our results 

are not only consistent with previous reports but also reveal some useful insights for the 

development of population management tools. In Chapter 2, we assessed the feasibility of using 

Google Street View as an ecological tool for gathering environmental data in different urban 



 

iii 

areas and typologies. Our results provide an optimistic look for GSV’s utilization as a powerful 

tool in the field of ecology. 
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CHAPTER 1 
 

Density shifts of the House Sparrow (Passer domesticus) across 

three urban-agricultural landscapes 

 

 

“We cannot afford to dismiss the possibility that the House Sparrow is the 

modern equivalent of the miner’s canary.”  

-Summers-Smith (1999; p 386) 

 

ABSTRACT 

One of the most successful urban wildlife invaders is the House Sparrow (Passer domesticus). While 

many previous studies have examined House Sparrow success, there have been no studies that 

directly compare House Sparrow success among different habitat typologies in both their native and 

non-native distributions. Here, we estimated House Sparrow densities at five different typologies in 

the urban-agriculture landscape of three cities, one where the House Sparrow is native (Barcelona, 

Spain) and two where the sparrow is non-native (Los Angeles, United States and Mexico City, 

Mexico). In addition, we measured habitat traits quantifying vegetation structure, urban 

infrastructure, and human activity. We used distance-sampling corrected density estimations, general 

linear mixed models, and classification and regression tree (CART) models to analyze the data. Our 

results are not only consistent with previous reports but also reveal some interesting patterns. This 2-

year survey showed the highest density of sparrows occurring in Mexico City and the lowest in Los 

Angeles. In both cities, we recorded the greatest abundances in highly urbanized areas. In Barcelona, 

abundances did not differ among habitat typologies. We found that traits describing vegetation 
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structure, urban infrastructure, and human activity were related to shifts in House Sparrow 

abundances among the three cities, with the most representative variables being: tree cover, tree 

DBH, herbaceous plant height, building height, and passing cars. Although this study only considers 

three urban-agricultural landscapes, our results suggest that the success of the House Sparrow as an 

exotic invasive can vary among non-native cities and is determined by a complex array of urban 

variables. 

 

INTRODUCTION 

Urbanization introduces a broad range of long-term cascading ecological consequences, 

especially for native flora and fauna (Czech et al. 2000; McKinney et al. 2002; Berkowitz et al. 

2003; Jetz et al. 2007; Grimm et al. 2008; Pickett et al. 2008). This can drastically affect the 

ecology of an entire geographic region and its native species in terms of population dynamics 

and community composition, and, as a result, can threaten native species and lead to biotic 

homogenization at the local to regional levels (Emlen 1974; Beissinger and Osborne 1982; 

Vitousek et al. 1997; McKinney 2006; Devictor et al. 2008; van Rensburg et al. 2009). However, 

urbanization not only replaces native habitat and excludes wildlife species, but it also presents 

organisms with novel ecological opportunities. In particular, several bird species have been 

shown to successfully exploit and establish populations beyond the ir native geographic ranges 

(Blair 1996; Savard et al. 2000; Shochat 2004; Kark et al. 2007; Blackburn et al. 2009; 

MacGregor-Fors et al. 2010). 

 The House Sparrow (Passer domesticus) has been introduced anthropogenically 

worldwide, making it one of the most prolific and successful introduced bird species in the world 
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(Anderson 2006; Lowther and Cink 2006; Aronson et al. 2014). Native to Eurasia, the House 

Sparrow has been dominant and successful at exploiting urban areas of North America, often 

repelling potential competitor avifauna (Gavareski 1976; Gowaty 1984; Clergeau et al. 1998; 

White et al. 2005; MacGregor-Fors et al. 2010). Introduced into North America in at least 16 

independent events from 1850 to 1881, the first case took place in Brooklyn, New York (1851–

1852) with stock from England. Further major introductions took place in San Francisco, 

California (1871–1872) and Salt Lake City, Utah (1873–1874; Lowther and Cink 2006) with 

stocks from both Germany and England. Thereafter, the House Sparrow quickly invaded the rest 

of the United States, with faster rates in the eastern portions of the country (Johnston and 

Selander 1973; Lowther 1977; Baughman 2003; Lowther and Cink 2006). Although there is 

limited knowledge of its invasion southwards of the United States, the House Sparrow arrived in 

Mexico City presumably in the 1950–1960s (judging from records in Blake 1953; Davis 1972) 

and was not reported in Central America until the 1970s (Davis 1972). The success of the House 

Sparrow as an urban exploiter species in North America has been mainly attributed to four 

natural history traits (Gavareski 1976; Gowaty 1984; Clergeau et al. 1998; White et al. 2005; 

MacGregor-Fors et al. 2010): (1) it is an territorial species that actively destroys the nests of 

other species (McGillivray 1980; Gowaty 1984; Kimball 1997); (2) it is a dietary generalist that 

feeds on grains, insects, fruits, and even human litter (Gavett and Wakeley 1986; Kimball 1997); 

(3) it has colonial-communal nesting strategies that allow for rapid proliferation upon invading 

new areas (Kalinoski 1975; McGillivray 1980; Gowaty 1984); and (4) it can effectively expand 

its ranges throughout human-altered landscapes (Kark et al. 2007).  

Previous studies have investigated House Sparrow success in relation to certain habitat 



 

4 

 

features. Recent studies performed in Mexican cities (i.e., Mexico City, Morelia), where House 

Sparrows are very abundant, showed that avian communities of areas invaded by the sparrows 

had lower species richness in comparison to those of non- invaded areas (Ortega-Álvarez and 

MacGregor-Fors 2009; MacGregor-Fors et al. 2010). This indicates that the sparrow's success in 

invading non-native areas, mainly through its synergistic interactions with human activity, is 

closely related to changes in the diversity, composition, and structure of native bird communities 

(MacGregor-Fors et al. 2010). More generally, another study found that urban residential bird 

communities can experience relatively lower species richness but greater abundances, with 

commercial areas favoring generalist and urban exploiter species (Ortega-Álvarez and 

MacGregor-Fors 2009). Importantly, House Sparrow abundances have been found to differ 

between the four urban land-uses of Mexico City, with the highest numbers recorded in 

residential-commercial areas and the lowest in green areas (Ortega-Álvarez and MacGregor-Fors 

2011). Similar patterns have also been reported in European cities, such as Barcelona, Spain 

(García-Rodríguez 2011). 

While the success of House Sparrows has been extensively studied in terms of their 

multiple introductions and subsequent differentiation among populations (Johnston and Selander 

1964; Brown and Wilson 1975; Lowther 1977; Baughman 2003; Lowther and Cink 2006), there 

is still an important gap in knowledge of why the native sparrow populations are in decline while 

the non-native populations are able to sustain relatively healthy numbers. Thus, the primary aim 

of our comparative study is to gain direct insights of how their numbers shift in relation to 

specific environmental drivers across urbanization gradients in both native and non-native areas. 

Specifically, we assessed House Sparrow density patterns in relation to habitat traits (quantifying 
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vegetation structure, urban infrastructure, and human activity) across a set of urban-agricultural 

landscapes, one within the House Sparrow’s native distribution (Barcelona) and two in North 

America (Los Angeles, Mexico City) where it is exotic and invasive. As the presence of the 

House Sparrow is generally limited to urbanized and agricultural areas related to human 

settlements (Cramp 1998; Anderson 2006; Lowther and Cink 2006; MacGregor-Fors et al. 

2010), we established our study sites in urban, residential, commercial, and agricultural land-use 

areas. Given that the House Sparrow is a widely distributed species with broad habitat 

requirements along urban-agricultural landscapes in its native distribution (although currently 

declining; Summers-Smith 2003; Balmori and Hallberg 2007; Brichetti et al. 2007; Shaw et al. 

2008; García-Rodríguez 2011; EBCC 2013; Ferrer et al. 2013), we predicted that sparrow 

densities would be similar among most habitat typologies of the Barcelona urban-agricultural 

landscape, while those in the non-native cities would vary among different habitat typologies. In 

addition, we predicted that non-native House Sparrow numbers would be positively related to 

urban infrastructure and human activity in Los Angeles and Mexico City (MacGregor-Fors 2010; 

Ortega-Álvarez and MacGregor-Fors 2011; MacGregor-Fors et al. 2013). On the other hand, we 

expected that traits associated not with urbanization, but with vegetation, would be the primary 

drivers of native House Sparrow numbers (as reported previously; Murgui and Macías 2010; 

García-Rodríguez 2011).  

 

METHODS 

Study areas 

This study was conducted in three major urban areas: Los Angeles Metropolitan Area (USA), 
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Metropolitan Area of the Valley of Mexico (Mexico), and Barcelona Metropolitan Region 

(Spain) (Fig. 1-1). We worked in metropolitan areas and surrounding agricultural areas to assess 

the success of House Sparrows along urban-agricultural landscapes, as governmentally delimited 

boundaries do not necessarily include all urban components of conurbations (MacGregor-Fors 

2011). 

The Los Angeles Metropolitan Area (34°3'4''N, 118°14'37''W; ~86 m asl), referred to as 

Los Angeles hereafter, is located in the state of California, on the southwestern coast of the USA 

(US Census Bureau 2012). It is surrounded by the Pacific Ocean, shrublands, forests, grasslands, 

and croplands (City of Los Angeles, Department of City Planning 1996). Currently, the Los 

Angeles Metropolitan Area includes several governmentally delimited cities (e.g., Los Angeles, 

Long Beach, Anaheim, Santa Ana, Irvine, Glendale, Torrance, Pasadena, Burbank, Santa 

Monica), with a population of ~12 million inhabitants within its ~4500 km2 area (US Census 

Bureau 2012). The rapid demographic and industrial growth of this area was one of the most 

prominent in the United States during the 20th century (US Census Bureau 2012).  

 The Metropolitan Area of Greater Mexico City (19°25'56''N, 99°7'59''W; ~2200 m asl), 

referred to as Mexico City hereafter, includes three federal entities (i.e., Distrito Federal, Estado 

de México, Hidalgo) and is located in the Trans-Mexican Volcanic Belt. It is surrounded by 

temperate forests, shrublands, grasslands, wetlands, and croplands (Rzedowski and Rzedowski 

2005). Mexico City has a population of ~20 million inhabitants within its ~7800 km2 area 

(INEGI 2010). The rapid transformation of the outer- lying areas of Mexico City started in the 

late 1970s and 1980s, with a significant growth characterized by the depopulation of the 

downtown area and the mainly southward expansion of its peripheral areas. 
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 The Barcelona Metropolitan Region (41°23'30"N, 2°10'25"E; ~16 m asl), referred to as 

Barcelona hereafter, is located in the southeastern part of the Iberian Peninsula. It is surrounded 

by the Mediterranean Sea and confined by a mountainous system, including the Catalan Pre-

Coastal Range (Rivas-Martínez 1981). It is the second most populous metropolitan area in Spain, 

with a population of ~4.5 million inhabitants (Demographia 2013) within its ~600 km2 area 

(Catalán et al. 2008). Barcelona grew in the late 19th and early 20th centuries and was followed 

by a significant depopulation process in the 1970s, resulting in a polinuclear urban area (Catalán 

et al. 2008). 

 

Habitat typologies of the urban-agricultural landscape 

We surveyed House Sparrows in five habitat typologies within the urban-agricultural landscapes 

of Los Angeles, Mexico City, and Barcelona. First, we worked in agricultural areas (>70% 

agricultural use) near the three cities, as they resembled conditions similar to those in the 

naturalized habitat of the sparrow in Eurasia (Anderson 2006; Lowther and Cink 2006). 

Secondly, we surveyed four habitat typologies based on the combination of two categorical 

variables that have been shown to drive bird distributions in urban areas (Table 1-1): (1) 

urbanization intensity (i.e., highly and lowly urbanized) (Chace and Walsh 2006; Evans et al. 

2009; MacGregor-Fors et al. 2009) and (2) distance from the urban center (i.e., intra-urban and 

peri-urban) (López 2010; MacGregor-Fors 2010; MacGregor-Fors et al. 2013; Puga-Caballero et 

al. 2014). Sites with >70% built cover were considered highly urbanized, while sites with >70% 

vegetation cover were considered lowly urbanized. To distinguish between intra-urban and peri-

urban areas, we used a recently proposed method to delineate the limit of the peri-urban area of 
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an urban system (MacGregor-Fors 2010). Briefly, this method calculates the representative area 

in which the urban core intermingles with adjacent non-urban systems in amoeboid-growing 

urban areas, representing an ecologically meaningful ecotone for birds (MacGregor-Fors 2010; 

Puga-Caballero et al. 2014). Thus, the habitat typologies considered in this study were: (1) intra-

urban highly urbanized, (2) intra-urban lowly urbanized, (3) peri-urban highly urbanized, (4) 

peri-urban lowly urbanized, and (5) agricultural. 

 

Urban environmental variables 

In order to assess which habitat traits were related to House Sparrow densities in the three 

surveyed cities, we reviewed previous studies relating the presence and abundances of urban 

exploiter species to environmental variables (e.g., Kark et al. 2007; Evans et al. 2009; 

MacGregor-Fors et al. 2010; Murgui and Macías 2010; Ortega-Álvarez and MacGregor-Fors 

2009, 2011). We identified 14 specific variables describing vegetation structure, urban 

infrastructure, and human activity: (1) tree cover, (2) tree abundance, (3) tree species richness 

(morphospecies), (4) maximum tree diameter at breast height (DBH), (5) maximum tree height, 

(6) shrub cover, (7) maximum herbaceous plant height, (8) number of lightning rods, (9) number 

of lamp poles, (10) number of telephone and electric power poles, (11) number of telephone and 

electric power cables, (12) maximum building height, (13) number of passing pedestrians in 5 

min, and (14) number of passing cars in 5 min. All variables were measured within the 50 m 

radius area at which the sparrows were surveyed. 
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Point-count surveys 

We surveyed House Sparrows over a 2-year period, for the winter seasons (December–January) 

of 2012–2013 and 2013–2014 and the breeding seasons (May–June) of 2013 and 2014. We used 

limited radius point-counts, at which we recorded all House Sparrows seen or heard within a 50 

m radius in a 5-min period (following Ralph et al. 1993), from the times of 07:00 to 11:00. In 

order to calculate distance-sampling corrected densities, we measured the radial distances from 

each recorded sparrow to the observer using laser rangefinders (Bushnell Yardage Pro Sport 450, 

Overland Park, KS). We established our point-count locations at a minimum separation distance 

of 200 m to avoid issues of pseudoreplication (Ralph et al. 1993, 1995). Ten point-counts were 

performed in each habitat typology for the three surveyed cities, resulting in a total of 150 point-

counts per survey season. 

 

Data analysis 

For city comparisons, we estimated densities using the distance-sampling corrected procedures 

outlined in Distance 6.0 (Thomas et al. 2010). This software estimates density by calculating the 

detection probability of individuals at increasing distances from the observer and standardizing 

the detection rates along the concentric surveyed area (Buckland et al. 2001). To determine 

statistical differences between the density estimations, we compared their 84% confidence 

intervals. Specifically, we used 84% confidence intervals following the results of a recent study 

showing that statistical differences can be robustly drawn when contrasting asymmetric 

confidence intervals (such as those outputted by Distance 6.0), mimicking statistical tests with an 

α level of 0.05 (MacGregor-Fors and Payton 2013). Hence, we considered House Sparrow 
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densities to be statistically different from one another when their 84% confidence intervals did 

not overlap and considered no statistical differences when they did overlap. Due to the low 

number of recorded House Sparrows in some of the sampling sites, we could only use distance-

sampling corrected density estimations for comparisons between the three cities. Thus, we used 

the observed sparrow abundances for making comparisons between the habitat typologies within 

cities. 

 For habitat typology comparisons, we performed general linearized mixed models 

(GLMM) using Poisson family and a log- link function (package lme4; Bates et al. 2016) in R (R 

Development Core Team 2013). We merged our data by city for this analysis, as we found no 

seasonal density differences when using distance-sampling corrected density estimations. We 

selected the most parsimonious model based on the Akaike information criterion (AIC). When 

necessary, we controlled for model over-dispersion. 

 Finally, to assess the relationships between the environmental variables and House 

Sparrow numbers at each city, we performed regression tree analyses using R (R Development 

Core Team 2013). Regression trees allow the interpretation of datasets where complex nonlinear 

relationships occur between the set of response and predictor variables (De'ath and Fabricius 

2000). This analysis uses binary recursive partitioning to identify the threshold values for a set of 

predictor variables, which can be a mix of continuous and categorical variables that are related to 

the response variable. Thus, regression trees identify the successive critical values of predictor 

variables, splitting the response variable in a dichotomous and hierarchical manner (Palomino 

and Carrascal 2007). These types of trees are analogous to multiple regression models, 

specifically those using the forward selection of predictor variables (Crawley 2007, 2013). In the 
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regression tree, every dichotomy is associated with a threshold for the related variable (on the 

tree, this is placed below the variable label), with values higher than the threshold placed to the 

right and lower values to the left. We used the function “rpart” for R (R Development Core Team 

2013; Therneau et al. 2015) as it carries out analysis of variance with the two-level variables 

associated with each split, which makes it more suitable for anticipating the results of simplified 

models compared to functions like “tree” (Crawley 2013). At the end of each scenario (i.e., at the 

bottom of the tree) we display the average value of the response variable in bold and the % of the 

total number of observations that fall within each scenario—in our case, this would be the 

number of House Sparrows per point-count and % of the total number of point-counts. 

 

RESULTS  

The House Sparrow numbers differed significantly among the three surveyed cities. Within each 

city, we found no difference between seasons, with the exception of the 2014 breeding season in 

Mexico City. The number of House Sparrows per hectare in Mexico City (84% CI range for both 

seasons in both years: 9.5–33.3 sparrows/ha) was significantly higher when compared to the 

numbers estimated for Los Angeles (84% CI range for both seasons in both years: 0.4–3.1 

sparrows/ha) and Barcelona (84% CI range for both seasons in both years: 3.2–7.1 sparrows/ha) 

(Fig. 1-2).  

 We found differences in House Sparrow abundances when comparing between the habitat 

typologies for both Los Angeles and Mexico City; however, no differences were found when 

comparing between the habitat typologies for Barcelona (Table 1-2). We recorded the highest 

House Sparrow numbers in the intra-urban highly urbanized typology for both non-native cities. 
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However, in Mexico City, we recorded a high number of House Sparrows in the peri-urban 

highly urbanized typology, with only a few or no individuals in the remaining typologies. For 

agricultural typologies, we only recorded House Sparrows in Los Angeles and Barcelona, with 

higher numbers in Barcelona (Fig. 1-3). 

 From the regression tree analysis, 10 of the 14 assessed environmental variables showed 

some relationship with shifts in House Sparrow abundances. The most important variables 

explaining for such shifts were maximum tree DBH, maximum building height, number of 

telephone and electric power poles, and number of passing cars. However, tree cover, tree 

abundance, maximum herbaceous plant height, number of lamp poles, number of telephone and 

electric power cables, and number of passing pedestrians were also selected in the regression 

trees. Interestingly, some variables shifted in their relationships with House Sparrow numbers 

between seasons and among cities. For example, the number of passing cars was related to 

House Sparrow numbers only in Barcelona and Los Angeles, both positively; yet one variable 

related to sparrow numbers in Barcelona (i.e., maximum herbaceous plant height) did not show 

any clear pattern, having both positive and negative relationships with sparrow numbers under 

different scenarios (Fig. 1-4). 

 

DISCUSSION  

Our study is unique in that it provides a big picture comparison of the directions and magnitudes 

of the relationships between House Sparrow numbers and specific habitat features. Our general 

linear mixed models and CART results yield a pragmatic and empowering tool that is consistent 

with both previous studies and monitoring efforts of House Sparrow populations. Indeed, this 
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approach would benefit researchers seeking to parse the different environmental drivers between 

House Sparrow populations, as well as to those involved in conservation management and 

policy. In this section, we show that our results are not only well-supported by previous reports 

but also reveal some novel insights regarding these sparrow-habitat relationships. 

 As proposed in Emlen's 1974 pioneering study, urban areas are novel and suitable 

environments for those species that can reach them, utilize their resources, and survive their 

hazards. While some species are excluded by the processes and features of urbanization (known 

as urban avoiders; Blair 1996; Fischer et al. 2015) and some are able to maintain populations 

within urban areas (known as urban adaptors or urban utilizers; Blair 1996; Fischer et al. 2015), 

there are those like the House Sparrow that can exploit urban-related resources, leading to 

population explosions in urban areas (Blair 1996; MacGregor-Fors et al. 2010; Herrando et al. 

2012; Fischer et al. 2015). Previous studies have focused on the differences of North American 

House Sparrow along their geographic ranges, primarily attributing such changes to their 

adaptability to environmental heterogeneity (e.g., duration and severity of the cold season; 

Johnston and Selander 1964; Johnston and Selander 1973; Lowther 1977) and their physiological 

limitations (Kendeigh 1976; Martin et al. 2004). Although House Sparrows are generalists, 

widely distributed, and closely associated with humans (Anderson 2006), this study shows that 

their numbers can also vary greatly between invaded cities, being determined by a complex array 

of variables, including those of vegetation structure, urban infrastructure, and human activity.  

 We note one important caveat to our study: that is, we collected data from only three 

cities. Thus, we acknowledge a limitation on making global generalizations, yet we discuss here 

some interesting findings that could well reflect the broader picture of House Sparrow 
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differences in native and non-native ranges. We found House Sparrows to have the highest 

densities in a non-native city (Mexico City), but also found the lowest densities in another non-

native city (Los Angeles). This demonstrates the ecological plasticity of this species, in that their 

numbers can resemble those of urban exploiters under some circumstances and those of urban 

adaptors under other circumstances. This can help explain why researchers have found the 

detrimental effects of House Sparrows in only non-native areas where its numbers are relatively 

high and not just simply where they occur (MacGregor-Fors et al. 2010; Ortega-Álvarez and 

MacGregor-Fors 2010). 

 As expected, our study shows that House Sparrows were present among all of the studied 

habitat typologies of their native city of Barcelona (Fig. 1-2). While we did not find differences 

in House Sparrow abundances among typologies within Barcelona, this does not imply that all 

populations are healthy, and thus, other ecological patterns, such as urban metapopulation 

dynamics, could be driving this result (Chávez-Zichinelli et al. 2010). Nonetheless, our density 

results for Barcelona are similar to those found by Murgui (2006) in another Spanish city (i.e., 

Valencia), who reported densities of 0.9–8.5 sparrows/ha. The relatively low House Sparrow 

densities estimated from these two cities could be a result of the recent population declines that 

this species has been experiencing in Europe for the past few decades (Summers-Smith 1999; 

Summers-Smith 2003; Balmori and Hallberg 2007; Brichetti et al. 2007; Shaw et al. 2008; 

García-Rodríguez 2011; EBCC 2013; Ferrer et al. 2013). Thus, we assume that our density 

values are underestimated in relation to historical records made prior to the population declines 

in Europe. 

 On the other hand, we recorded a high variation in House Sparrow densities in the two 
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cities located outside of the sparrow’s native distribution. We recorded ~4 times higher average 

House Sparrow densities in Mexico City when comparing to those in Barcelona, while we found 

lower average House Sparrow densities in Los Angeles. Although there is a limited knowledge 

of House Sparrow density patterns along the Mexican territory, our density results are similar to 

those from another study conducted in Mexico City (~7 sparrows/point-count; Ortega-Álvarez 

and MacGregor-Fors 2011). However, other studies have reported different House Sparrow 

densities in other Mexican urban areas, with higher values in Morelia (~20 sparrows/point-count; 

MacGregor-Fors et al. 2010) and lower values in Xalapa (~0.5 sparrows/point-count; J Escobar-

Ibáñez pers. com.). Regarding House Sparrows in the United States, data from the North 

American Breeding Bird Survey (Sauer et al. 2012) show that House Sparrows in the Los 

Angeles area are: (1) scarce in the northern parts of the urban area (~1-3 sparrows/2.5 hr of 

birdwatching) and (2) moderately abundant in the southern parts (~10-30 sparrows/2.5 hr of 

birdwatching). Although data from the Breeding Bird Survey (Sauer et al. 2012) is not directly 

comparable with the values reported in this study, since our survey sites are located in the central 

and northern parts of Los Angeles, our low density values for Los Angeles seem to be consistent 

with the trends found in the Breeding Bird Survey. This pattern in sparrow density reflects that 

the sparrow’s invasive success and numbers are not homogeneous throughout the urban territory 

and are not solely due to latitude or productivity but may be more dependent on landscape- and 

local-scale environmental variables. 

 When analyzing House Sparrow numbers at a finer scale, within the typologies of each 

urban-agricultural landscape, the highest abundance values for both non-native cities were 

recorded in the highly urbanized typologies, for both intra- and peri-urban areas. This result 
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agrees with previous studies suggesting that this sparrow can take advantage of a wide array of 

resources in areas where other species are excluded due to urban-related hazards and the lack of 

basic habitat components (Blair 1996; Kark et al. 2007; MacGregor-Fors et al. 2010; Ortega-

Álvarez and MacGregor-Fors 2011). Interestingly, we only recorded a few individuals in the 

agricultural typology for Los Angeles and no individuals in the agricultural typology for Mexico 

City, which contrasts to our results in this typology for Barcelona. Although we recorded little to 

no House Sparrows in the agricultural areas of these two non-native cities, the sparrows are 

known to be sparsely distributed in low-to-medium numbers in these agricultural areas (IM-F 

and JG-HL pers. obs.; Lee 2014). 

 When relating characteristics of the environment to House Sparrow abundances, we 

found that specific variables of vegetation structure (i.e., tree cover, tree abundance, maximum 

tree DBH, maximum herbaceous plant height), urban infrastructure (i.e., maximum building 

height, lamp poles, telephone and electric power poles, telephone and electr ic power cables), and 

human activity (i.e., passing pedestrians, passing cars) were principle determinants. This is 

consistent with previous studies that have reported these variables to shape House Sparrow 

numbers in urban areas (MacGregor-Fors et al. 2010; Ortega-Álverez and MacGregor-Fors 

2011). Contrary to our expectations, the regression tree analysis identified that all three 

categories of the habitat traits were related to House Sparrow abundance shifts in the three 

surveyed cities. Yet, it is notable that the only case where a vegetation variable was, 

hierarchically, the most relevant in explaining variation in House Sparrow abundances was for 

the 2014 survey in Barcelona (i.e., maximum tree DBH). In addition, we found that across all 

final scenarios for each city’s regression trees, the average number of sparrows per point-count 
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was most similar for Barcelona (range=0.8–5.6 sparrows/point-count) when compared to those 

for Los Angeles (range=0–5.7 sparrows/point-count) and Mexico City (range=0.1–13 

sparrows/point-count). The evenly distributed sparrow numbers across the habitat typologies for 

Barcelona may have been due to the identified environmental variables having comparably 

milder effects to those in non-native areas. Also, as expected, the most relevant variables in 

explaining variation in House Sparrow abundances for Los Angeles and Mexico City were those 

related to urban infrastructure and/or human activity (i.e., maximum building height, telephone 

and electric power poles, passing cars). With the exception of one complex scenario in Barcelona 

with no passing cars (i.e., 0.1–1.5 m maximum herbaceous plant height, <14 lamp poles), these 

variables related to urban infrastructure and human activity showed a positive relationship with 

House Sparrow numbers in the three surveyed cities. This demonstrates the species’ close link 

with highly developed and transited urban sites, especially in non-native areas where such 

features represent important foraging and nesting resources (Anderson 2006). 

 Although this study only considers three urban-agricultural landscapes, one located 

within and two located outside of the House Sparrow’s native range, our results suggest that the 

success of the House Sparrow as an exotic invasive species varies among cities and is 

determined by a complex array of environmental variables. There are a number of further 

questions this study raises related to the potential effects of House Sparrow density on the native 

biota, as well as its role as a driver of biodiversity in urban-agriculture landscapes. Undoubtedly, 

comparative studies focused on the individual (e.g., body condition), population (e.g., trends in 

distribution and growth, intra-specific interactions), and community ecology (e.g., diversity, 

inter-specific interactions) of the House Sparrow in its native and non-native areas would 
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provide further insight for the development of population management tools in addressing two 

growing concerns: (1) their declining native populations in Europe (Murgui 2006; De Laet and 

Summers-Smith 2007) and (2) the problems they pose to the local biodiversity in invaded areas 

(Grussing 1980; MacGregor-Fors et al. 2010; Ortega-Álvarez and MacGregor-Fors 2010; 

Ortega-Álvarez et al. 2011).  
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FIGURES 

 
 

 

Figure 1-1. Map of the three study areas. Gray polygons of insets correspond to the studied 

metropolitan areas. 
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Figure 1-2. House Sparrow distance-sampling corrected density estimates for Los Angeles, 

Mexico City, and Barcelona. 
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Figure 1-3. House Sparrow abundances recorded at each habitat typology in the three surveyed 

agricultural-urban landscapes. 
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Figure 1-4. Regression and classification trees showing the relationships between House 

Sparrow abundance per point-count and 14 environmental variables describing vegetation 

structure, urban infrastructure, and human activity.
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TABLES 

 

Table 1-1. Definitions of surveyed habitat typologies, based on their geographic locations and 

degree of urban development (sensu MacGregor-Fors 2010). 

Habitat typology Definition 

 

Intra-urban highly urbanized 

 

Sites with >70% built cover, within the intra-urban area of the 

surveyed metropolitan area. 

Intra-urban lowly urbanized Sites with >70% vegetation cover, within the intra-urban area of 

the surveyed metropolitan area. 

Peri-urban highly urbanized Sites with >70% built cover, within the peri-urban area of the 

surveyed metropolitan area. 

Peri-urban lowly urbanized Sites with >70% vegetation cover, within the peri-urban area of 

the surveyed metropolitan area.  

Agricultural Sites with > 70% agricultural cover, outside of the surveyed 

metropolitan area. 
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Table 1-2. Results of the GLMM for each agricultural-urban landscapes, using the following 

general model: Abundance(city)~ Habitat typology + Point-count + Dummy datum. 

  Variance Deviance X2 df p-value 

 

Los Angeles 
     

    Dummy variable (random) 1.34 
    

    Point-count (random) 0 
    

    Habitat typology (fixed) 

 

91.83 10.05 4 0.039 

Mexico City 

     
    Dummy variable (random) 0.24 

    

    Point-count (random) 0.22 
    

    Habitat typology (fixed) 
 

137.7 37.74 4 < 0.001 

Barcelona 

     
    Dummy variable (random) 1.66 

    
    Point-count (random) 0 

    

    Habitat typology (fixed)   222 9.67 4 0.323 
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CHAPTER 2 

Assessing the use of Google Street View for quantifying 

environmental variables in urban ecological studies 

 

 

“There is renewed hope that every sort of information on the state of the planet, 

from levels of toxic chemicals to the incidence of diseases, will become available 

to all with a few moves of the mouse.” 

-Declan Butler (2006; p. 777) 

 

ABSTRACT 

The ability to accurately measure a wide range of environmental traits can be crucial to 

understanding the role that any specific trait plays in affecting the ecology and evolution of 

organisms. However, in- field surveys entail substantial amounts of time and money, in addition 

to concerns about safety and accessibility. Google Street View (GSV) is a recently developed 

and publicly accessible remote sensing feature that allows users to navigate a virtual landscape at 

the street level. The tool’s vast range and abundance of spatial and temporal data have remained 

widely unexploited in the field of ecology. Our study is the first to assess the feasibility of using 

GSV as an ecological tool for gathering environmental data in different urban areas and 

typologies. We have three objectives: (1) to examine the spatial variability of the GSV network 

coverage between different urban typologies across 20 global cities; (2) to assess the 

repeatability of measurements between GSV and in situ methods by comparing a number of 
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environmental variables (describing vegetation structure, urban infrastructure, human activity, 

and socioeconomic status) in Barcelona and Los Angeles; and (3) to identify the main sources of 

error associated with using GSV for ecological research. Among the 20 global urban areas, we 

found an overall low current GSV network coverage. A higher degree of urban development was 

correlated with greater coverage. In many cases, the environmental variables measured using 

GSV versus in situ showed high repeatability. However, we did identify specific sources of error, 

such as the increased discrepancy with greater temporal gaps as well as with greater spatial 

complexity. For researchers who want to use GSV to study a particular taxon or environmental 

variable, we recommend that they select one that is easily identifiable, tends to occur near 

roadsides, and is relatively static in nature. Although the research potential of this tool would be 

greatly expanded with increased coverage in lowly developed regions, GSV is frequently 

updated and improved, so we are optimistic of its utilization as a powerful tool in the field of 

ecology. 

 

INTRODUCTION 

A wide range of environmental traits can drive the distributional range of a given wildlife 

population or community (Evans 2009; Monk et al. 2013; Pasher et al. 2013). This is especially 

true for urban ecosystems that present organisms with a multitude of novel scenarios that can 

shape their ecology and evolution (Shochat et al. 2006; Yeh e t al 2007, Candolin and Wong 

2012, Gil and Brumm 2013). Thus, the ability to accurately measure these traits is extremely 

valuable to researchers for capturing ecologically relevant data (Acevedo et al. 2016). 

Researchers have traditionally measured environmental variables physically in the field (Jensen 
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1983; Jensen 2000; Richards and Jia 2005), and large amounts of data are often required for 

detecting and understanding specific ecological patterns and processes. Although field-based 

approaches allow researchers to obtain accurate information about a given study area (Gibbons 

and Freudenberger 2006; Banzhaf and Netzband 2012), these types of surveys can be time-, 

money-, and labor- intensive and can also involve issues of site accessibility and safety (Margules 

and Austin 1991; Turner et al. 2003). This has made field-based surveys less practical for 

implementation across large geographical or temporal scopes. An ongoing effort for ecologists 

has been geared towards finding methods that reduce these costs without sacrificing the accuracy 

and reliability of their data.  

One of the more effective solutions for reducing these costs involves the use of indirect 

techniques, such as remote sensing (Jensen 1983; Turner et al. 2003; Felson et al. 2013). 

Although remote sensing is often perceived as a technique for obtaining data by means of aerial 

imagery from aircrafts or satellites, it can refer to any geospatial procedure that gathers data 

about an object of interest using a device that is not in direct contact with it (Lillesand and Kiefer 

1994). While on-site (or in situ) and remote sensing approaches can yield similar information, 

they can also provide complementary information (Everett and Simonett 1976). For example, 

vegetation monitoring traditionally requires field-based methods for capturing detailed 

information; however, remote sensing can be useful for obtaining similar vegetation 

measurements over larger geographic areas (Gibbons and Freudenberger 2006).  

 Remote sensing technologies (e.g., radars, satellites, radiometers, photometers, 

telemeters) and procedures (e.g., geolocation estimations, imagery processing) are continuously 

being refined to increase their accuracy and precision (Clarke 1986; Richards and Jia 1999; Clark 
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2010; Maliene et al. 2011). One potentially powerful tool is Google's three-dimensional viewing 

apparatus: Google Street ViewTM (referred to as GSV hereafter; 

https://www.google.com/maps/streetview/). GSV is a mobile mapping service that uses high-

resolution imaging sensors attached to vehicular platforms to provide users with a virtual 

interface in which they can interact with the world through omnidirectional (360° horizontal and 

290° vertical) street- level images that are georeferenced to a street map (Anguelov et al. 2010; 

Puente et al. 2013). This technology was first introduced to a handful of cities in the United 

States and Europe in 2007 and 2008 respectively, but since then has expanded its coverage to 

span over seven million unique kilometers of published urban and rural imagery in over 65 

countries (https://www.google.com/maps/streetview/). GSV has several advantages that make it 

an attractive tool for ecological research, including: (1) software that is free and publicly 

accessible, (2) Google’s enormous collection of street- level imagery that spans a large 

geographic scale, (3) high quality imagery that allows for extracting fine-scale environmental 

measurements, and (4) the ability to collect data virtually from sites that are otherwise difficult to 

access. Nevertheless, the GSV tool also has some obvious setbacks, including: (1) the absence of 

coverage in some major regions of the globe (e.g., many parts of Central America, South 

America, Africa, the Middle East, and Asia); (2) the lack of GSV accessibility of sites within 

cities that have no paved roads (e.g., parks), and (3) the presence of obscured or outdated 

features within the imagery. Despite this potential for collecting a vast range and abundance of 

spatial and temporal data in urban areas, the use of this Street View technology as a research tool 

has been widely overlooked by ecologists (Butler 2006).  

 For the past five years, the application of GSV has been gaining traction in the fields of 
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public health and social science as a data collection tool for auditing and assessing built 

environments (Badland et al. 2010; Clarke et al. 2010; Rundle et al. 2011; Odgers et al. 2012; 

Wilson et al. 2012; Ben-Joseph et al. 2013; Kelly et al. 2013; Li et al. 2015). A few recent 

ecological studies have found this tool to be relatively useful in identifying potential nesting 

habitat for two vulture species (griffon vulture Gyps fulvus and Egyptian vulture Neophron 

pernocpterus; Olea and Mateo-Tomás 2013) and in obtaining occurrence and distribution data on 

model species, including the giant cane Arundo donax L. (Hardion et al. 2016), Russian olive 

Elaeagnus angustifolia L. (Collette et al. 2015), and pine processionary moth Thaumetopoea 

pityocampa (Rousselet et al. 2013). Indeed, previous studies have evaluated the robustness of 

using this GSV method for a range of specific purposes and overall have found high correlation 

between GSV and in situ methods. However, obtaining accurate data by using GSV for 

measuring a suite of urban characteristics has not yet been explored in the ecological context. 

Thus, we seek to understand if environmental measurements between the GSV and in situ 

methods are interchangeable. 

 In order to fully assess the usefulness of this tool, it is important that we address some 

causes of measurement inconsistencies that are intrinsically associated with using GSV under an 

ecological framework. By doing so, we can improve the accuracy of measurements as well as 

increase the potential for interchangeability between remote sensing and in situ methods. First, 

urban environments present unique challenges for analyses because they are often comprised of a 

complex mosaic of features that are diverse in space, structure, composition, and time (Herold et 

al. 2001, Weng and Lu 2009; Collins et al. 2010; Felson et al. 2013). The few ecological studies 

that have used GSV recommend that the sampled habitat or taxon should be easily recognizable 
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through Street View imagery, especially since detection is primarily restricted to roadsides 

(Rousselet et al. 2013; Hardion et al. 2016). Thus, we expect that this urban complexity will 

generate an overall higher degree of variability for the GSV method than for the in situ method 

(Felson et al. 2013). We also address a well-known issue, the “temporal mismatch,” which 

describes situations where the data recorded from the GSV and in situ methods substantially 

differ in time periods. This limitation can increase the error in quantitative measurements and 

limit the GSV method’s ability to detect stronger effects (Badland et al. 2010; Clarke et al. 2010; 

Rundle et al. 2011; Wilson et al. 2012; Kelly et al. 2013). Resolving this uncertainty has received 

little attention, especially since Google did not introduce their date stamp feature until very 

recently (2011). This temporal mismatch effect likely depends on the study’s objectives, as 

Wilson et al. (2012) found no significant difference in agreement when they accounted for 

differential date stamps in their methods. However, their study assessed predominantly fixed 

variables of the build environment, whereas urban ecological studies tend to be comprised of 

variables that are a considerably more dynamic. We seek to account for this temporal mismatch 

in regards to both the year and seasonality of the GSV imagery under a relevant set of 

environmental variables. 

 The aim of this study is to assess if GSV can be used as a reliable ecological tool for 

gathering environmental data in different urban areas and typologies (i.e., intra-urban highly 

developed, intra-urban lowly developed, peri-urban highly developed, peri-urban lowly 

developed) in comparison to surveys conducted in the field. We first examine the spatial 

variability of the GSV network by analyzing its coverage in different urban typologies within 

major urban areas of the globe. Secondly, we assess the repeatability of measurements between 
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GSV and in situ methods by comparing a number of environmental variables (describing 

vegetation structure, urban infrastructure, and socioeconomic status) in two urban cities 

(Barcelona, Catalonia, Spain and Los Angeles, California, USA; Fig. 2-1). Lastly, we identify 

the main sources of error associated with using GSV for environmental measurements, 

specifically in the contexts of environmental complexity and temporal mismatch, to provide 

recommendations for how to minimize the discrepancy between GSV and in situ methods. 

 

METHODS 

Evaluating GSV network coverage  

To estimate the inventory of potential study sites for GSV use in urban ecology research, we 

accounted for the heterogeneities in network coverage between different urban typologies – 

defined by the distance from the city center and the intensity of urban development (Simon 

2008)—across geographical regions. All work for evaluating GSV coverage was performed 

using the free version of the Google Earth® software; this is the most publicly accessible version. 

All authors involved in the data collecting process (IDC in Barcelona; DMC in Los Angeles) 

were trained in both field and GSV surveys and have used these methods for at least two years.  

 We evaluated GSV network coverage within five geographical regions in which the 

introduction of GSV was no later than 2010 (Asia, Europe, North America, Oceania, South 

America; https://en.wikipedia.org/wiki/Coverage_of_Google_Street_View). Within each region, 

we randomly selected four urban areas from a list of the region’s ten largest urban areas (City 

Mayors Statistics 2006), resulting in a total of 20 urban areas for our analysis: Asia (Bangkok, 

Manila, Seoul, Tokyo), Europe (Barcelona, Milan, Paris, Saint Petersburg), North America 
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(Mexico City, Miami, New York City, Toronto), Oceania (Jakarta, Perth, Surabaya, Sydney), 

and South America (Belo Horizonte, Bogotá, Buenos Aires, Rio de Janeiro).  

 We derived Keyhole Markup Language (KML) files of the 20 urban areas from the Atlas 

of Global Expansion, which is a global map of 3,646 urban clusters (463-m pixel sizes) (Angel et 

al. 2012). These urban clusters account for both the patterns and processes of urban expansion 

(Galster et al. 2001), and thus provide an ecologically sound representation for assessing 

environmental variables in different urban typologies. For each of the 20 urban areas, we 

delineated the peri-urban boundary following the methods outlined in MacGregor-Fors (2010). 

In order to select the intra-urban locations for each urban area, we first used Google Earth’s 

UTM grid to save sequentially numbered placemarks at the exact center of each 5x5-km cell, 

using only those cells that contained >70% intra-urban area. This allowed us to establish 25-35 

evenly distributed point locations. For peri-urban locations, we divided the intra-urban boundary 

line into 25 evenly spaced distances, at which we saved sequentially numbered placemarks at the 

points centered between the inner and outer peri-urban boundaries. From each designated set of 

placemarks, we used stratified random sampling to obtain five point locations for each urban 

typology: intra-urban highly-developed (IUHD), intra-urban lowly-developed (IULD), peri-

urban highly-developed (PUHD), and peri-urban lowly-developed (PULD) (as defined in Table 

2-1). In order to determine if a point location was considered highly- or lowly-developed, we 

used Google Earth’s ruler tool to draw a 500-m radius circle, and this allowed us to assess and 

assign one of those categories to each point. 

 For each point, we determined GSV accessibility using a survey with the binary response 

of presence or absence of available street- level imagery. Specifically, we identified whether 



 

41 

 

points did or did not have GSV accessibility upon dragging and dropping the yellow Street View 

avatar, often referred to as the “Pegman,” over the exact location of the placemark. Dropp ing the 

Pegman on a location with network coverage will open the Street View feature and allow the 

user to remotely navigate the street- level imagery. An absence of GSV will not open the feature 

and will yield ground- level view instead. We reported the general proportion of positive 

assignments for the entire sample (400 points total) but we also focused on the different urban 

typologies. Furthermore, we analyzed if there were any significant differences among 

geographical regions, urban typologies, and the entire sample using a General Linear Model with 

a Poisson distribution and a log- link function.  

 

GSV versus in situ environmental measurements 

In order to determine if GSV may be used as a tool for collecting feasible environmental 

information in place of field-based surveys for ecological studies in urban areas, we measured 

the repeatability of several important biotic and abiotic landscape variables by comparing the 

collected data of both survey methods. The repeatability coefficient (Ri) is a measure of precision 

that represents the value below which the absolute difference between two or more repeated test 

results may be expected to lay within a probability of 95%. Thus, repeatability is a measurement 

of the strength of agreement between the replicates; it expresses the proportion of variation in a 

trait that is due to differences among sample points, accounting for inter-observer variation. This 

measurement ranges from 0 to 1, at which Ri=0 indicates that repeated measurements of the same 

variable are as different as if randomly measured while Ri=1 indicates a perfect degree of 

repeatability (as though the same value was measured twice). In ecological studies, Ri≥0.90 
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would be considered highly reliable, although Ri>0.70 is considered an acceptable degree of 

repeatability for a measured variable (Harper 1994, Senar 1999). Repeatability can be calculated 

from Analysis of Variance (ANOVA) by comparing variation within individuals and variation 

among individuals. This technique has been previously used to assess consistency between 

methods (Quesada and Senar 2006; Nakagawa and Schielzeth 2010, Vaquero-Alba et al. 2016) 

and between observers (Villafuerte and Negro 1998; Kuczynski et al. 2003). Given that different 

sources of error may affect repeatability, we examined each variable with low to moderate 

repeatability values (Ri<0.70) individually. We evaluated the presence of outliers by analyzing 

the 95% confidence ellipse of the correlation between GSV and in situ measurement values. 

Also, we analyzed the differences in variance between the values obtained in Barcelona and Los 

Angeles using the Levene’s test. 

 We performed the environmental measurements within 50-m radius points in the same 

locations for both GSV and in situ surveys. IDC (Barcelona; 41°23' N, 2°10' E, conducted June–

August 2014) and DMC (Los Angeles; 34°3' N, 118’°14' W, conducted June–August 2015) 

collected all of the data for both GSV and in situ survey types for their respective urban areas. 

For Los Angeles, we delimited a western section of the Los Angeles urban area to an area similar 

in size to that of the Barcelona urban area (~155 km2). We selected five point-count locations for 

each urban typology, for a total of 20 locations for each urban area; these were randomly 

selected by non-surveying individuals (JG-HL for Los Angeles and JQ for Barcelona) to 

eliminate any observer bias. This stratified sampling design among urban typologies ensured that 

we covered a sufficient amount of heterogeneity in the variables. All locations had to be 

accessible for both GSV and in situ surveys in order to serve as suitable comparisons for habitat 
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measurements. 

 Within each 50-m radius point, we measured 13 urban variables shown to be associated 

with the presence/absence of urban fauna (Savard et al. 2000; Melles et al. 2003; Kinzig et al. 

2005; Chace and Walsh 2006; McKinney 2008; Evans 2009; MacGregor-Fors et al. 2009; 

MacGregor-Fors and Schondube 2011) for both simulated survey types. Seven variables 

described vegetation structure: (1) tree cover, (2) tree morphospecies richness, (3) tree 

abundance, (4) maximum tree height, (5) shrub cover, (6) herbaceous plant cover, and (7) soil 

cover. For consistency between observers, we defined vegetation components as fo llows: trees as 

woody plants with the main canopy elevated on a substantial trunk; shrubs as woody plants with 

the main canopy deployed relatively close to the soil surface on short multi- stemmed trunks, and 

herbaceous plants as non-woody plants such as grasses and annuals. We distinguished tree, 

shrub, and herbaceous plant species based on morphology (i.e., morphospecies richness), which 

has been proven to be a reliable proxy for gross species richness (Oliver and Beattie 1993). For 

the GSV survey, when leafless deciduous trees were encountered, we estimated tree cover based 

on the physiognomy of the trees (as though leaves were present). Five variables described urban 

infrastructure: (1) number of lamp poles, (2) number of telephone/ poles, (3) number of 

telephone/power line cables, (4) number of antennas/lighting rods, and (5) maximum building 

height. One variable described socioeconomic status, estimated under a categorical scale ranging 

from the lowest (=1) to highest (=6) prosperity values, based on several qualitative characteristics 

(e.g., state of infrastructures, building and housing materials, car makes and years, and presence 

and quality of recreational spaces).  

 We attempted to keep observer process and effort as consistent as possible between 
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survey types. In our GSV surveys, we measured variables using navigation tools relatively 

analogous to physically being in the field (e.g., panning back and forth down segments, 

navigating in and around the points, and zooming in and out of objects of interest), allowing the 

observer to take a virtual walk in and around the point and to interact with features of the 

environment. We used laser range finders (Bushnell Yardage Pro Sport 450, Overland Park, KS) 

for the field survey and an online freeware that created 50-m radius buffer lines (GeoUtilities: 

http://www.geo-news.net/index_geof.html) for the GSV survey to assure that measurements 

were conducted within the point boundaries. All variables describing the spatial distribution of 

habitat components were estimated using a numerical scale of cover (0–100%). For objects of 

interest crossing into the point boundaries (e.g., projections of the aerial parts of trees), partial 

estimates were included for cover variables and whole numbers were included for abundance and 

species counts. We estimated height variables (m) using direct comparisons with nearby familiar 

figures (e.g., pedestrians, cars, and building stories) as baseline references for the objects of 

interest. 

 

Sources of discrepancy between GSV versus in situ methods 

In order to analyze significant discrepancies between the values obtained from the GSV and in 

situ survey methods, we first generated a variable of discrepancy that represents the differences 

between the two methods. We used the normalized absolute differences between GSV and in situ 

values. We calculated the absolute difference (|ValueGSV – Valueinsitu|) for the measured values of 

each variable and then normalized each variable for each urban area. This allowed us to combine 

the measurements for each variable from the two urban areas into one common variable, which 
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we named the “discrepancy value.” To analyze habitat complexity, we performed bivariate 

Pearson correlations between the original values of all variables measured in situ and their 

associated discrepancy values. In order to see if there was an effect of the imagery year on the 

discrepancy between the two methods, we recorded each point’s month and year (located at the 

bottom of GSV imagery) of imagery acquisition during data collection. We first performed a 

General Linear Model with a log-normal distribution (log-link function) where we used the 

discrepancy variable as the dependent variable and the imagery year as the predictor. This 

allowed us to analyze any temporal trends in the discrepancy variable between the years 2011-

2015. Additionally, we used Tukey post hoc analyses to test for any s ignificant differences 

between particular years. Finally, in order to analyze the seasonal effect of GSV imagery, we 

carried out a general linear model with a log-normal distribution (log- link function) where we 

used the discrepancy variable as the dependent variable and “season” (fall or spring) and “year” 

of GSV imagery acquisition as predictor variables. We limited this comparison to the variables 

describing vegetation structure, as these components intrinsically experience the greatest 

seasonal variation. 

 

RESULTS 

GSV coverage in different urban areas and typologies  

The GSV coverage analysis in urban areas yielded an overall low coverage (X±SE= 

27.8±3.19%), at which only 111 of the total 400 points were captured by GSV. However, the 

results varied between the urban typologies. We found a statistically significant difference in 

coverage between the urban typologies but not for geographical regions (Urban typology: 
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X2
(3)=74.10, p>0.001; Region: X2

(3)=1.18, p=0.74; Urban typology*Region: X2
(3)=9.44, p=0.58; 

N=80; Fig. 2-2). The differences in coverage between urban typologies were more apparent 

between the two levels of development, as shown in the Tukey analysis (Fig. 2-2): intra- and 

peri-urban highly developed typologies had moderate GSV coverage (IUHD=53.00±6.03; 

PUHD=43.00±5.29), while most of the intra- and peri-urban lowly developed typologies had 

scarce GSV coverage (IULD=8.00±2.67; PULD=7.00±3.00).  

 

Repeatability between GSV and in situ methods  

We found that most environmental variables were highly repeatable in both urban areas 

(Barcelona: 11 of 13 variables; Los Angeles: 11 of 13 variables; Table 2-2). However, for some 

variables, repeatability levels were moderate to low: for Barcelona, moderate levels for 

herbaceous plant cover (69%) and low levels for number of antennas/lighting rods (53%); for 

Los Angeles, moderate levels for maximum tree height (63%) and low levels for shrub cover 

(47%).  

 In the case of Barcelona, we found a single outlying measurement for the “number of 

antennae/lightning rods” variable that was responsible for the moderate Ri value; once we 

removed this outlier, the Ri increased to an acceptable Ri value of 0.71 (p<0.001). Similarly in 

Los Angeles, two outliers for the “shrub cover” variable were found to be responsible for the low 

Ri value, and the Ri also increased when they were removed from the dataset (Ri=0.81; p<0.001). 

For the case of the “maximum tree height” variable in Los Angeles, no outliers were identified. 

One possibility is that maximum tree height in Los Angeles is less heterogeneous than in 

Barcelona. However, we did not identify any significant differences in variance between the two 
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cities for this variable (Levene’s test F(1,38)=2,77, p=0.10; RangeBCN=3.0–15.0 m; RangeLA=7.0–

22.9 m). More likely, the observer for Los Angeles made a consistent error that could have 

significantly increased the impact on Ri in Los Angeles. Hence, despite that both observers were 

trained in the same manner and that GSV-in situ discrepancy values were correlated for 

maximum tree height (Ri=0.63; p<0.001), the Ri value for Los Angeles was moderate for this 

variable.  

 

Sources of discrepancy between GSV versus in situ methods 

In regards to how the complexity of specific urban variables can yield larger divergences 

between GSV versus in situ results, several biotic and abiotic variables showed a positive 

relationship between variable complexity and discrepancy. The greater the density (i.e., 

abundance in a 50-m radius plot) of trees, tree species, lamp poles, and telephone/power line 

poles, the larger the discrepancy between GSV and in situ values (Fig. 2-3).  

 We did not detect any significant trends in the discrepancy for any variables through the 

years 2011-2015 of street- level imagery acquisition (all >0.18). Interestingly, when comparing 

between imagery years, we only found statistical differences in discrepancy between the latest 

imagery year (2011) and the more recent ones for the variables of tree cover (2011 vs. 2014 and 

2011 vs. 2015; both p<0.05) and herbaceous plant cover (2011 vs. 2014; p<0.05) (Fig. 2-4); a 

marginally non-significant trend was found for maximum tree height (2011 vs. 2015; p=0.06). 

We also found a significant difference in discrepancy for prosperity (Tukey analysis of 2011 vs. 

2012; p<0.02). 

 Finally, we did not detect any significant seasonal effects in the discrepancy between 
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GSV-in situ values for variables describing vegetation structure (all p>0.12). Nevertheless, we 

did detect a marginal seasonal effect in the discrepancy for shrub cover (Wald Test=3.81; 

p=0.051). However, Leverage analysis revealed that this was caused by a single outlying 

measurement, and the model was no longer significant after removal of the outlier (Wald 

Test=2.51; p=0.11). Thus, the acquisition of street- level imagery in the presence or absence of 

foliage on vegetation did not affect the error between the measurements from the two methods.  

 

DISCUSSION 

Collecting spatial data in the field is not always possible because of the high costs in time, 

money, labor, safety, and accessibility to study sites (Margules and Austin 1991; Turner et al. 

2003). The use of remote sensing procedures offers a sound alternative, but some technologies 

can be less attractive in terms of the lack of public accessibility to certain software, flexibility in 

navigational features, and geographical or temporal latitude for answering specific questions. 

Our study suggests that GSV could be a useful supplement or potential alternative for conducting 

ecological in situ surveys. 

 Spatially uneven GSV coverage, at both the global and local scales, is consistently stated 

as a major limitation for this remote sensing method (Anguelov et al. 2010). For example, GSV 

coverage is highest in the eastern parts of Asia (e.g., Hong Kong, Seoul, and Tokyo), which 

experienced unprecedented economic growth throughout the late 1900s (Cohen 2006), and this 

likely correlates with the current density and quality of paved roads that make the spread of GSV 

possible. Looking forward, we expect GSV coverage to become increasingly useful not only 

because Google is expanding further internationally but also because the global population is 
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projected to become rapidly more urban, with a predicted 5 billion people living in urban areas 

by 2030 (Cohen 2006; UNPD 2015). 

 Within all of the surveyed urban areas, we found an overall low GSV coverage (27.8%), 

with significantly higher coverage found in urban typologies of high development (40–50%) 

compared with those of low development (<10%). GSV coverage within urban areas appears to 

be driven not by the distance from the urban center (i.e., intra- vs. peri-urban) but, similarly to 

the analysis of global coverage, by the degree of urban intensity (i.e., high vs. low development). 

In other words, GSV and their image-capturing vehicles rely on the density and quality of roads 

for increasing coverage. Given that GSV coverage is more widespread in urban areas than in 

rural ones, the use of this technique for ecological studies should be very promising for urban 

ecological studies. However, Google continues to diversify its fleet of platforms (e.g., car, 

trekker, trolley, snowmobile, tricycle) to traverse and gather imagery at sites that are less 

accessible by car. This will progressively enhance the applicability of this technology by 

enabling more widespread data collection.  

 The GSV method had high values of repeatability for many biotic and abiotic variables, 

which demonstrates that GSV is a promising tool for obtaining high quality environmental data 

in urban areas. Our results showed that the levels of repeatability were ≥70% (≥90% for a few 

variables) for all but two of the 13 environmental variables for each urban area: herbaceous plant 

cover and number of antennae/lightning rods in Barcelona and maximum tree height and shrub 

cover in Los Angeles. By identifying and addressing specific sources of error, we can maximize 

the efficiency of GSV use, either by excluding those types of measurements or by determining 

the direction and intensity of the error and accounting for the discrepancy.  
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 The variables that could be measured objectively, for both biotic (e.g., number of trees 

and species richness) and abiotic variables (e.g., number of lamp poles, telephone/power line 

poles, and telephone/power line cables), had high repeatability values, with the only exception 

being the number of antennae/lighting rods. The few ecological studies that have assessed the 

GSV method suggest that researchers should only use taxa that are easily identifiable or 

conspicuous from street- level imagery for this method (Rousselet et al. 2013; Visser et al. 2013; 

Hardion et al. 2016), and the same holds true for features of the built environment (Badland et al. 

2010; Clarke et al. 2010; Rundle et al. 2011; Odgers et al. 2012; Ben-Joseph et al. 2013; Kelly et 

al. 2013). Although antennae and lightning rods can be somewhat conspicuous in shape, they 

occur in fewer numbers than other features describing vegetation structure and urban 

infrastructure, which makes them somewhat prone to under-detection when using GSV. That is, 

an observer’s visual interpretation of a street- level image is limited by the camera’s perspective 

and viewing angle. This gives the observer less flexibility for navigating the visually complex 

but fixed layout of urban features, as opposed to the on-site observer who can walk off of the 

road and go closer to and around objects of interest (Taylor et al. 2011; Wilson et al. 2012; Ben-

Joseph et al. 2013). As a result, when moving around a point location on GSV, it is very possible 

for an observer to miss a thin single antenna or lightning rod that could be sitting atop a building 

surrounded by other buildings of varying shapes and heights; miscounting is even more likely 

when the objects are partially or totally obscured by more complex, prominent features.  

 Of the seven features describing vegetation structure, four of them yielded high 

repeatability in both urban areas. The three lower-scoring variables (i.e., herbaceous plant cover, 

maximum tree height, and shrub cover) reveal two important challenges when working with 
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vegetation structure in a virtual environment: (1) unlike the static nature of urban infrastructure, 

many vegetation features can have characteristics that vary dramatically with time and (2) 

measuring the spatial distribution and dimensions of such variables on GSV requires the 

observer to make qualitative decisions.  

For temporally varying traits, researchers using GSV should be familiar with how 

different species of flora and fauna differ in morphology with the time of day, season, and 

meteorological- and anthropogenic-related dynamics (Clarke et al. 2010; Rundle et al. 2011; 

Odgers et al. 2012). The measurement of tree cover retained high repeatability likely because we 

accounted for such variation by basing our estimations on the physiognomy of the trees. The 

smaller stature and different cycles of herbaceous plants and shrubs make this a more difficult 

task.  

Regarding the use of qualitative decisions for assessing the urban environment, our study 

results show that even well-trained researchers should be cautious when working with variables 

that are subject to the perceptions and experiences of individual observers (Kelly et al. 2013; 

Olea and Mateo-Tomás 2013). Thus, researchers should minimize the use of subjectively-

sourced GSV measurements whenever possible. Case in point, a handful of recent studies have 

proposed the use of GSV for assessing the urban landscape in an objective manner. For example, 

our measurements of herbaceous plant and shrub cover can be supplemented by an approach that 

extracts the green pixels from GSV imagery to calculate the spatial distribution of urban 

greenery (Yang et al. 2009; Li et al. 2015); our measurement of maximum tree height can adapt 

from different metric measurement approaches that take advantage of the intrinsic features of 

GSV to localize and measure 3-D objects (Devaux and Paparoditis 2010; Ozuag et al.; 2011).  
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 One final issue regarding repeatability between GSV and in situ methods is that GSV 

images are generally limited to streets, biasing estimations towards variables that have a 

tendency to occur near roadsides (e.g., built cover, edge species). To summarize, for researchers 

who want to use GSV to study a particular species, we recommend that they focus on one that is 

easily identifiable (i.e., large in size or relatively abundant), occurs near roadsides, and is 

relatively static in nature. Due to these characteristics, ecologists are beginning to find this 

method especially useful for gathering data on invasive species (Collette et al. 2015; Hardion 

2016). 

 

Sources of error 

Our study’s experimental approach is a simple and practical method that assesses repeatability 

with only a single measurement for each survey method (see Lessells and Boag 1987). This has 

allowed us to identify several sources of error that fall under one of two categories, those that are 

intrinsic to: (1) properties of the measured environmental variables and (2) properties of the GSV 

method. In regards to the former, we can identify measurement errors closely related to a specific 

environmental feature’s range in variability (Lessells and Boag 1987; Senar 1999). For example, 

given two cities with different tree covers, we would expect the same skilled observer to derive a 

lower repeatability in the city with a smaller range in variability of tree cover. In addition, the 

observer’s ability to make accurate measurements of specific variables must also be considered 

as a source of error (Lessells and Boag 1987; Senar 1999). Some biotic and abiotic variables can 

be difficult to measure, so a prior learning period, along with consistent maintenance of 

performance especially among multiple observers, can be helpful. However, even when the 
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observer is skilled (given previous repeatability analyses and field experience), there may be 

unknown sources of error that can compromise the repeatability results. This may have been the 

case for our “maximum tree height” variable. While we obtained a moderate repeatability value 

in Barcelona, we obtained a low value in Los Angeles. Neither outliers nor a difference in 

variability range were detected, and both cities were assessed by similarly skilled observers. A 

possible solution to improve the repeatability for variables that are difficult to measure is to 

calculate the mean from multiple measurements of the same variable (Senar 1999). 

On the other hand, several intrinsic properties of using GSV are responsible for lower 

measures of accuracy in the data from the GSV method compared to the actual data from the in 

situ method. First, we found that discrepancy values between the two methods increased with the 

degree of complexity for both abiotic and biotic variables (Fig. 2-3), so landscapes with a 

complex mix of urban features (i.e., tree morphospecies richness, tree abundance, number of 

lamp poles, and number of telephone/power line poles) would be expected to have a larger 

discrepancy between the GSV and in situ methods. Calculating the mean from multiple 

measurements for variables of complexity would help minimize the discrepancy between the 

methods, emphasizing GSV’s advantage of taking measurements at any time in space. Second, 

another source of error that we identified in our study was the temporal gap between GSV 

imagery and in situ data, which appeared to negatively affect the comparability of the two 

methods. That is, the older the acquisition of GSV imagery, the more discrepancy we found 

between the GSV and in situ methods. This is not a surprising finding, as habitats and urban 

areas are subject to change. The most up-to-date GSV imagery should yield more similar data to 

that collected in situ. This temporal mismatch effect is most pronounced for biotic variables. 
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Hence, researchers must take careful considerations when using not recent imagery (>3 years in 

our study) to measure variables describing vegetation structure, as they can be influenced by the 

likes of climatic conditions and landscape and gardening practices. As GSV imagery is not 

updated in a homogeneous manner (Anguelov et al. 2010), when year standardization is not 

possible, one potential solution is to consider the year of imagery acquisition as a covariate in the 

analyses. Finally, although seasonality can potentially influence the discrepancy between the two 

methods, this effect can be minimized for imagery acquired during the winter period by making 

an abstraction of the foliage of deciduous trees; that is, one can “fill in” the cover that one would 

expect to see during the spring based on the tree structure. In this way, we can get more accurate 

measurements of vegetation cover in “winter” (period without foliage) in relation to cover in 

“spring” (period with foliage).  

 GSV is updated and improved on a frequent basis (https://www.google.com/intl/en-

US/maps/streetview/explore/), and we anticipate useful remote sensing features such as the 

integration of 3-D imagery with the street-level landscape 

(https://www.google.com/intl/en_US/earth/explore/showcase/trees.html). This would provide 

researchers with a more nuanced and detailed approach to quantifying the urban landscape. In 

addition, the availability of historical street-level imagery will only increase, likely leading to 

much finer timeline scales. This event would allow researchers to examine landscape changes 

across longer periods of time, thus expanding the ecological usefulness of this remote-sensing 

tool. 
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GSV as a tool for urban studies 

Several public health studies (Wilson et al. 2012; Kelly et al. 2013) also found substantial 

agreement when comparing field audits to GSV audits. Our study extends these findings to 

emphasize variables of ecological importance and identifies specific sources of error, such that 

researchers could take precautionary measures to minimize these discrepancies and obtain 

accurate repeatable data. Ultimately, our results indicate that mixing data collection methods 

should still yield accurate results. Thus, this opens an exciting opportunity to obtain high quality 

environmental information in a cost-efficient manner. Furthermore, GSV can allow for flexibility 

during the data collection process: for instance, some variables like wildlife species richness or 

abundance require in- field surveys, while a great deal of other biotic and abiotic variables (e.g. 

the ones used in this study) can be collected, recovered, or verified essentially at any time using 

GSV. As a result, we could minimize the time and money spent in the field and prioritize the 

data that can instead be collected in situ, which would be particularly useful in dangerous or 

difficult-to-access sites. In sum, remote sensing tools that are free and easy to use can potentially 

transform how we conduct environmental surveys, a critical component of many urban field 

studies. 
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FIGURES 

 

 

Figure 2-1. Map of point-counts within the Los Angeles and Barcelona urban areas, five points 

in each urban typology. Surveys in the Los Angeles urban area were limited to a western section 

similar in size to the entire Barcelona urban area (~155 km2 area). 
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Figure 2-2. Percentage of GSV network coverage in the different urban typologies from 20 

global urban areas. IUHD=intra-urban highly developed, IULD=intra-urban lowly developed, 

PUHD=peri-urban highly developed, PULD=peri-urban lowly developed. (**=p<0.01 from 

Tukey results between urban typologies; for instance, the far left ** indicates that IUHD has 

significantly different GSV coverage than both IULD and PULD).
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Figure 2-3. The relationship between GSV and GSV-in situ discrepancy values for 

measurements representative of “urban complexity”: (a) tree morphospecies richness, (b) tree 

abundance, (c) number of lamp poles, and (d) number of telephone/power line poles. 

(a)                (b) 

(c)                (d) 
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Figure 2-4. Mean discrepancy values of (a) tree cover and (b) herbaceous plant cover, 

comparing measurements from recently-obtained in situ surveys versus measurements from GSV 

imagery that were acquired across a 5-year period (CI: mean±1.96*SE). 

(a) 

(b) 
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TABLES 

 

Table 2-1. Definitions of the urban typologies.  

 

Urban typology 

 

Typological associations 

 

Characteristic land use 

   
Intra-urban highly developed (IUHD) >70% built cover within the 

intra-urban area  

High-density housing, shopping complexes 

Intra-urban lowly developed (IULD) >70% vegetation cover 

within the intra-urban area  

Recreational parks, university campuses 

Peri-urban highly developed (PUHD) >70% build cover within the 

peri-urban area  

Low-density housing, business plazas  

Peri-urban lowly developed (PULD) >70% vegetation cover 

within the peri-urban area  

Large state parks, golf courses, farms  
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Table 2-2. Repeatability analysis for the 13 environmental variables, comparing GSV versus in 

situ methods for the urban areas of Barcelona and Los Angeles.  

  BARCELONA    LOS ANGELES 

Variables 
F ratio 

(df)  
Repeatability 

 p-

value 
  

F ratio 

(df) 
Repeatability 

 p-

value 

                

Tree cover (%)  22.43 0.91 <0.001   11.35 0.84 <0.001 

Tree morphospecies richness 

(#) 10.15 0.82 <0.001   10.74 0.83 <0.001 

Tree abundance (#) 6.52 0.73 <0.001   8.63 0.79 <0.001 

Maximum tree height (m)  8.98 0.8 <0.001    4.46 0.63 <0.001 

Shrub cover (%) 15.07 0.88 <0.001   2.78 0.47 <0.05 

Herbaceous plant cover (%) 5.53 0.69 <0.001   13.79 0.86 <0.001 

Soil cover (%) 13.52 0.86 <0.001   6.91 0.75 <0.001 

Lamp poles (#) 15.51 0.88 <0.001   14.76 0.87 <0.001 

Telephone/power line poles 

(#) 21.85 0.91 <0.001   27.73 0.93 <0.001 

Telephone/power line cables 

(#) 13.25 0.86 <0.001   9.4 0.81 <0.001 

Antennae/lightning rods (#) 3.22  0.53 <0.01   5.67 0.7 <0.001 

Maximum building height (m) 69.55 0.97 <0.001   28.47 0.93 <0.001 

Socioeconomic status (1-6) 13.76 0.86 <0.001   14.85 0.87 <0.001 

                

 1 
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