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The expansion of urban areas is currently one of the most important worldwide landscape
changes. This process, termed urbanization, has important ecological effects and is
known to alter many aspects of the biology of organisms (including birds). However,
human-nature interactions can also be affected by this process. We hypothesized that
urbanization can particularly affect how intensively we investigate birds. We predict that
species living in close proximity to humans will be more easily or preferably studied, thus
promoting a bias in research effort toward urban birds. In order to test this hypothesis
we have collected a detailed database of urban and non-urban avian communities
including information from five biogeographic realms and more than 750 bird species.
We obtained four different indicators of research effort (two previously considered and
two new ones) as well as information on different confounding factors that are known
to affect research effort such as conservation status, body mass, distribution range
and phylogeny, in addition to the previously unconsidered historical factor of year of
description of the species. We found a positive and significant association between
the degree of urbanization of a species and how frequently it is investigated. We also
found the expected effect for biogeographic realm, body mass and distribution range,
and year of description, but not for conservation status. In addition, we found a strong
correlation among all research effort variables which support the use of Google Scholar
as a reliable source for these kind of studies. Our findings suggest that urbanization is not
only affecting the biology of organisms but also how we study them. These results might
have important implications if this research bias is maintained in the long term. Future
investigation should aim at exploring the ultimate reasons for this research bias toward
urban birds and whether it is also happening for other groups of organisms.

Keywords: birds, human-nature interactions, research effort, urbanization

INTRODUCTION

The process of urbanization is dramatically changing the environment, modifying not only
abiotic elements such as habitat structure or connectivity, but also biotic elements (Grimm
et al., 2008; Gaston, 2010; Forman, 2014). There is mounting evidence suggesting that
this anthropogenic landscape change modifies different components of biodiversity, including
taxonomic, functional and evolutionary diversity (Devictor et al., 2008; McKinney, 2008;
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Newbold et al., 2015; Ibáñez-Álamo et al., 2016; Knop, 2016;
Morelli et al., 2016) and other aspects of the biology of organisms
like animal behavior or life-history traits (Ibáñez-Álamo and
Soler, 2010; Møller and Ibáñez-Álamo, 2012; Díaz et al., 2013;
Gil and Brumm, 2014; Møller et al., 2015). This intensive
alteration of the environment has attracted increasing attention
by the scientific community (Marzluff, 2016; McDonnell and
MacGregor-Fors, 2016) and has ultimately lead to recognize
urbanization as a major global challenge (United Nations, 2016).

Humans are intrinsically associated with the urbanization
process (Forman, 2014). The urban habitat is created by us to
meet our species-specific requirements and now the majority of
the World’s human population is living in cities (United Nations,
2012). It is thus normal that many papers in the field of Urban
Ecology have focused on investigating the interaction between
organisms and humans. The majority of them focused on how
humans can affect organisms, for example by altering animal’s
escape behavior (Díaz et al., 2013, 2015; Samia et al., 2015), while
others explored the opposite direction of the interaction, how
urban nature can affect humans (Fuller and Irvine, 2010; Soga
and Gaston, 2016). In relation to the latter, it is logical to think
that scientists are not immune to this effect and the focus of
their investigations might also be influenced by urban nature. For
instance, researchers might be biased to study species that live in
urban habitats more often, due to different reasons such as ease
to study or preferences toward those species encountered more
often by researchers or with scientifically attractive traits. These
reasons have already been proposed to affect research effort (how
intensely we study a topic or subject) and are used to explain for
example why we tend to investigate more often larger species
or those with broader distribution ranges (Brooke et al., 2014;
Ducatez and Lefebvre, 2014; McKenzie and Robertson, 2015).
Despite previous studies, it has been suggested that there is a need
to explore alternative factors in order to explain research effort
(Murray et al., 2015) and that urbanization might be one of these
factors. The knowledge about how we carry out our research is
very valuable as it can be used to re-orientate our effort toward
those less studied topics or areas, it can help detect potential
biases in our conclusions, or even better justify our management
efforts (De Lima et al., 2011; Ibáñez-Álamo et al., 2012; McKenzie
and Robertson, 2015).

Another important and related issue regarding the study
of research effort is methodological. Even though there are
alternative ways to measure research effort (Murray et al., 2015),
the most commonly used variable is the number of published
papers (De Lima et al., 2011; Brooke et al., 2014; Ducatez and
Lefebvre, 2014; McKenzie and Robertson, 2015). Previous studies
on the topic have used different research databases to look for
published papers, from Web of Science to Zoological Records,
including those obtained from different research organizations
(e.g., Birdlife International; De Lima et al., 2011; Ducatez and
Lefebvre, 2014;McKenzie and Robertson, 2015). However, even if
it has been highly recommended for this type of study (Pautasso,
2016), to our knowledge there has been only one attempt to
investigate whether different databases might be offering similar
conclusions in relation to research effort in birds (De Lima
et al., 2011). In this case the authors found a positive correlation

between the number of papers obtained fromWeb of Knowledge
and those of the Birdlife International library catalog. It is also
worth tomention that no previous study has used Google Scholar
as a source to test research effort predictions. All previously
used databases are, to some extent, difficult to get access to
because they are not free or easily accessible. Thus, exploring
the feasibility of this open-access scientific database to investigate
research effort and its relationship with other commonly used
databases is important.

The aims of our study were: (i) to investigate whether the
degree to which a species is urbanized (number of cities in
which it is found) is related to the research effort it receives;
(ii) to find other potential factors that can affect research effort
in birds (including the previously unconsidered effect of year
of description of a species); and (iii) to test whether there
are correlations between research effort variables obtained from
different sources (including Google Scholar and more traditional
databases), in order to explore whether they can offer similar
information. In order to do so, we used a global database of bird
species found in urban and non-urban habitats and collected the
number of papers published for each species in four different
databases (Google Scholar, Web of Science, Zoological Records
and the Handbook of the Birds of the World Alive). We decided
to use birds as a model group because they are very well known
in relation to urbanization (Marzluff et al., 2001; Lepczyk and
Warren, 2012; Gil and Brumm, 2014) allowing us to compile
a geographically wide database and extract general conclusions.
This global coverage is important given the worldwide expansion
of urban areas and will also allow us to identify differences in
research effort allocation among regions.

MATERIALS AND METHODS

Bird Assemblages
We used a global database of studies presenting information
for 17 countries and four continents on urban and non-urban
bird communities published recently (Ibáñez-Álamo et al., 2016).
Basically, the database was created using an exhaustive literature
search in different websites (i.e., Web of Science, Google Scholar,
and SmartCat) and a careful selection of papers including
complete bird assemblages from urban and non-urban habitats
(defined according to Marzluff et al., 2001; e.g., urban areas
characterized with >50% of the surface built and >10 buildings
per ha). These assemblages were collected following the same
field method, during the same period and by the same field
observer, thus offering standardized information that avoids
many potential confounding factors in these kind of comparative
studies. From each study, we obtained: (i) urban bird assemblage,
(ii) non-urban bird assemblage, and (iii) site. There is a more
detailed description of data collection in Ibáñez-Álamo et al.
(2016).

Research Effort Data, Urbanization and
Species’ Traits
Using the database described above, we created a new dataset
including all the 767 species from the 28 paired study sites
(Supplementary Material 1). To quantify research effort for
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each species, we collected information on the number of
papers published in different databases. This variable has been
commonly used in previous studies and has been suggested
to reflect the research effort invested in a species better than
alternative ones (McKenzie and Robertson, 2015). First, we used
Web of Science, as it has been previously used in these kinds
of studies (McKenzie and Robertson, 2015; Murray et al., 2015).
Using quotes, we searched for each scientific name in all available
databases within the search engine and without time restriction.
A recent study showed that this is an effective method that is
not affected by changes in scientific names with time (Ducatez
and Lefebvre, 2014). Second, we extracted the number of papers
in Zoological Records from a previously published compilation
(Ducatez and Lefebvre, 2014). Third, we also looked for the
number of references per species obtained with Google Scholar,
using the scientific name in quotes and without the patents
option activated, again without time limits. The literature search
in Google Scholar andWeb of Science were both done in January
2017. Finally, we extracted the number of papers included in the
reference section of the Handbook of the Birds of theWorld Alive
during August 2016 (Del Hoyo et al., 2016). This compilation of
birds is known for its quality and up-to-date information among
ornithologists and thus, the number of references used for each
species should indicate the overall knowledge for that particular
species.

In order to investigate whether species that are found in
urban areas are more studied, we calculated the number of cities
for each species in which it was found in our database (max.
28 cities). This variable matches the definition of urbanization
used by Croci et al. (2008), which considers a species to be
urbanized if it is found in urban centers, but also accounts for
the intensity of such effect by adding the number of cities in
which the species can be found. Croci’s definition of urbanization
is strongly correlated (sensu Cohen, 1988) to all other indexes
of urbanization previously used in Urban Ecology, and thus can
be considered a good proxy for the extent of urbanization of a
species (Møller, 2014).

Given that research effort in birds is multifaceted and can
be affected by several different factors (Ducatez and Lefebvre,
2014; McKenzie and Robertson, 2015; Murray et al., 2015), we
also collected information on different factors that might affect
research effort according to previous studies, but we tried to avoid
co-linearity of predictors (i.e., between distribution range and
population size or body mass and clutch size Saether, 1987; Jetz
et al., 2008). We obtained the following information for each
species: (i) range of breeding distribution (square kilometers)
according to Birdlife International (www.birdlife.org) given that
species with large distribution are more likely to be studied
than those occupying small areas (i.e., endemic) (Ducatez and
Lefebvre, 2014; McKenzie and Robertson, 2015); (ii) Body mass
collected from the Handbook of the Birds of the World Alive
(Del Hoyo et al., 2016) as a proxy for size because large-sized
species are more likely to be detected and manipulated and hence
studied (Ducatez and Lefebvre, 2014; McKenzie and Robertson,
2015); (iii) Conservation status obtained from the International
Union for Conservation of Nature (www.iucn.org) as threatened
species might attract a greater attention by scientists (De Lima

et al., 2011; Murray et al., 2015); (iv) the biogeographic realm
for that species as the research effort can vary depending on
the development of the region (i.e., highly developed countries
investing more in research and consequently having more
probabilities to investigate their species) (De Lima et al., 2011;
Ducatez and Lefebvre, 2014). In addition to these factors
capturing information on geographic (biogeographic realms),
biotic (distribution range and body mass) and human effects
(conservation status and urbanization), we wanted to control also
for historical factors. Therefore, we also collected (v) the year
of description of the species obtained from the Handbook of
the Birds of the World Alive (Del Hoyo et al., 2016), as those
birds described more recently may have received a lower research
effort.

Statistical Analyses
We first calculated a correlation matrix of the four research
effort variables in order to detect whether they offer similar
information. All research effort variables in addition to body
mass and breeding distribution range were log-transformed to
achieve normality. We chose a single research effort variable
based on the results of these correlations to run the subsequent
analyses (see Results). Given that a previous study (Ducatez and
Lefebvre, 2014) found differences among avian taxa in research
effort, species cannot be considered independent units in our
context. Therefore, we estimated the phylogenetic relationships
of the species in our database using the Mesquite environment
(Maddison and Maddison, 2015) and calculating the consensus
(i.e., majority rules consensus) tree of 1000 phylogenetic trees
downloaded from birdtree.org (Jetz et al., 2012; Supplementary
Material 2). Then, we used a stepwise backward model selection
running phylogenetic generalized least square models (PGLS; i.e.,
Díaz et al., 2013, 2015). The best models were selected based on
corrected Akaike Information Criteria (AICc), using a threshold
AICc value of 2. The full model included all single effects of the
variables described above (Table 2) in addition to the interaction
between biogeographic realm and the degree of urbanization as
urban development vary geographically (Seto et al., 2012). We
performed our analyses in R 3.3.2 (R Core Team, 2016) using
the R libraries “ape” (Paradis et al., 2004), “MASS” (Venables and
Ripley, 2002) and “mvtnorm” (Genz et al., 2016) as well as the
function pglm3.3.r created by R. Freckleton which allows to run
PGLS using an orthogonal (type III) fit of models. As a first step,
we calculated the phylogenetic scaling parameter lambda (λ),
which varies from 0 (phylogenetic independence) to 1 (variables
completely covary according to their shared evolutionary history;
Freckleton et al., 2002) and provides information on the variation
explained by phylogeny. Secondly, we run the models correcting
for the estimated λ and applied the backward procedure. Once
the best model was found, we assessed the importance of each
predictor regarding our (research effort) dependent variable
based on their effect sizes calculated from P-values and t-tests
(Díaz et al., 2015). We used Cohen’s criteria (Cohen, 1988) to
quantify their importance explaining our dataset as small (r ≤
0.10, explaining less than 1% of the variance), intermediate (r =
0.11–0.49, explaining between 2 and 24% of the variance), and
large (r ≥ 0.50, explaining more than 25% of the variance).
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TABLE 1 | Correlations between all four variables of research effort.

R2 Web of science Handbook alive Zoological records

Google scholar 0.94*** 0.66*** 0.92***

Web of science 0.62*** 0.94***

Handbook alive 0.64***

***P < 0.001.

RESULTS

Our dataset contained information on 767 bird species, of which
49.0% were found in an urban area. The three most urbanized
species in our database were the Rock pigeon (Columba livia),
the House sparrow (Passer domesticus) and the Common starling
(Sturnus vulgaris) (SupplementaryMaterial 1). Given the extreme
degree of urbanization of these three species, we decided to run
a sensitivity analysis in order to check the importance of those
species in our findings (Supplementary Material 3).

The search in Google Scholar provided a higher number
of references in comparison with the other databases
(Supplementary Material 1), probably due to the use of different
search engines and size of the database. Despite this, the results
for our correlation analyses among research effort variables
indicated that all of them are highly correlated (Table 1). The
r-values indicated a strong and significant correlation among all
four research effort variables, with Google Scholar showing the
highest values with all others. Thus, we carried out our model
selection procedure using Google Scholar as it is more easily
accessible and correctly represents research effort.

The minimum adequate model of Google Scholar research
effort retained six variables, including urbanization index, and
explained 73% of the variance of our database [PGLS; λ =

0.33, Adjusted R2 = 0.73, F(1, 754) = 477.87, P < 0.0001;
Table 2]. The phylogenetic signal of this model was relatively
small. All variables retained in the final model were statistically
significant and had intermediate effect sizes indicating that
they are important for explaining research effort. The only
exception was the interaction between the biogeographic realm
and urbanization index, which involved a small effect size
(Table 2), and in fact was not retained in the best model if
we exclude the three most urbanized species (Supplementary
Material 3). This interaction indicated that the relationship
between research effort and urbanization was stronger in the
Palearctic. We found a positive association between the level of
species urbanization and the attention received by researchers
(Table 2, Figure 1). In addition, we found a positive effect of
body mass and breeding distribution suggesting that larger and
more widely distributed species have been studiedmore (estimate
± standard error of 0.11 ± 0.03 and 0.44 ± 0.03, respectively;
Table 2). But a negative influence of year of description showing
that fewer papers have been published for those species described
more recently (Table 2; Figure 2). The biogeographic realm
also had a significant and intermediate effect per se to explain
research effort as those species from Neotropical and Oriental
realms have been less studied than those of the other three
realms represented in our database (Figure 3). We also run the

analyses using Croci’s definition of urbanization more strictly,
thus using a binary variable instead of the urbanization index
described above. Our results were the same as those obtained
with the urbanization index except for the interaction between
biogeographic realm and urbanization that was not retained in
the best model (Supplementary Material 4), similarly to what
happened with our sensitivity analysis. This additional analysis
provides support for the robustness of our results and suggest
caution regarding the mentioned interaction.

DISCUSSION

As hypothesized, we found that the level of urbanization of a
species is an important predictor of the attention it receives from
scientists (Figure 1). This is a clear example that urbanization
is not only affecting the biology of organisms but also how
intensively we research them, and consequently altering human-
nature interactions. Our results seem to point out that the
urbanization effect on research effort is global and does not
depend on the biogeographic realm given that the small effect
size of the interaction between the degree of urbanization
and the biogeographic realm disappeared in our sensitivity
analysis (without the three most urbanized species) and in our
analysis using a binary variable (Supplementary Materials 3,
4). Our results markedly contrast with those obtained in a
recent study done with a group of mammals (Brooke et al.,
2014). In that investigation, they found a significant negative
relationship between the mean human population density of
the distribution range of a species and its research effort.
This effect disappeared when other factors where included
in the model. The differences between the two studies could
be due to group-specific effects regarding research effort or
different methodological approximations (e.g., mean human
population density being influenced by other factors in addition
to urbanization). Future studies on avian research effort should
investigate the effect of human population density in order to
distinguish between these two options.

Our findings highlight the importance of biases in research
effort like the one described here, even though it does not
necessarily involve re-orientating our scientific aims. It is possible
that urban birds are significantly more studied because they
show a particular set of traits (Kark et al., 2007; Croci et al.,
2008; Møller, 2014; Sol et al., 2014) that might be of special
scientific relevance (i.e., more complex social breeding; Kark
et al., 2007) or because they are involved in particularly important
economic or health issues (i.e., spread of some diseases;
Kilpatrick, 2011). Alternatively, other reasons of more concern
(i.e., logistic/monetary constrains or personal preferences) may
be behind our results. The ease of study has been raised as
an important determinant to explain research effort in birds
(Ducatez and Lefebvre, 2014; McKenzie and Robertson, 2015;
Murray et al., 2015) and mammals (e.g., Brooke et al., 2014).
Some of the traits of urban birds can facilitate their investigation.
Nesting in holes, for example, is a common trait of birds living
in cities (Croci et al., 2008; Sol et al., 2014) which allows
the use of nest-boxes by scientists, making their study easier.
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TABLE 2 | Full and minimum adequate models explaining avian research effort.

Predictor df SS F p Effect size

FULL MODEL (AICc = 1764.94)

Number of cities 1 3.551 477.99 <0.001 0.371

Body mass (log) 1 0.088 11.87 <0.001 0.138

Conservation status 2 0.037 2.52 0.081 0.063

Breeding distribution (log) 1 4.507 603.74 <0.001 0.371

Year 1 0.772 103.96 <0.001 0.371

Biogeographic Realm 4 6.232 209.69 <0.001 0.371

Biogeog. Realm*N of cities 4 0.043 1.24 0.040 0.074

Error 752 5.587

MINIMUM MODEL (AICc = 1760.84)

Number of cities 1 3.565 477.87 <0.001 0.371

Body mass (log) 1 0.089 11.88 <0.001 0.124

Breeding distribution (log) 1 4.523 606.40 <0.001 0.371

Year 1 0.797 106.84 <0.001 0.371

Biogeographic Realm 4 6.250 209.46 <0.001 0.371

Biogeog. Realm*N of cities 4 0.076 2.55 0.038 0.075

Error 754 5.624

Effect sizes are partial correlation coefficients. P-values in bold indicate statistical significance (P < 0.05).

FIGURE 1 | Relationship between research effort (number of papers in

Google Scholar) and the number of cities in which the species are

found. The blue line represents the correlation between the two variables
according to our model while the red line corresponds to the sensitivity
analysis. The three most urbanized species (Rock pigeon, House sparrow and
Common starling) are not represented to increase the clarity of the figure.

Furthermore, urban birds are present in a larger number of
habitats than non-urban birds (Sol et al., 2014) and the number
of habitats in which a species can be found (habitat breadth) is
known to affect research effort in birds (Ducatez and Lefebvre,

2014). This could also be the reason why urban species are
more easily accessed by a larger number of researchers and,
consequently, more often studied. In addition, this bias could be
due to human demographic patterns. Considering that scientists
follow the same demographic trend as humans in general and
are concentrated in urban areas (Nations, 2014), populations
that are found closer to the residence place of scientists may be
more frequently studied. But despite these potential explanations
for the ease of study of urban birds, we cannot discard other
(worrying) sociological effects unrelated to it. The extinction
of experience is known to affect human-nature interactions
in different contexts (Soga and Gaston, 2016). What if the
scientists are more often studying those species encountered
during childhood? The extinction of experience in researchers
might also explain the bias toward urban birds and should be
explored in future studies. Additionally, frequent contact with
urban species and popularization of science programs can make
them more charismatic (Duckworth, 2014), and this factor is
known to influence research effort (Murray et al., 2015). If the
ease of study or extinction of experience are the causes for
the observed bias found in our study instead of their scientific
relevance, maybe we should think about how to facilitate the
study of non-urban birds as well.

Our model explained a high proportion of variance of our
data, which supports the relevance of the factors selected for our
analyses. The phylogenetic signal in our model explained 33% of
the variation in research effort. This value was not as high as in
Ducatez and Lefebvre (2014) study, in which it explained 74% of
the variation, but it is still present and important to correct for.
The reason for this difference between studies could be our use
of a more restricted database in comparison to theirs presenting
a phylogenetically biased subset. Similarly to other studies on
avian research effort we found an intermediate and significant
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FIGURE 2 | Relationship between research effort (number of papers in

Google Scholar) and year of description of the species. The blue line
represents the correlation between the two variables.

FIGURE 3 | The research effort (number of papers in Google Scholar)

for each biogeographic region. Box-plots show median, quartiles, 5- and
95- percentiles and extreme values. Different letters indicate significant
differences (P < 0.02) between regions according to Bonferroni post-hoc tests
using the package “phytools” (Revell, 2012).

effect of body mass, distribution range and biogeographic region
(De Lima et al., 2011; Ducatez and Lefebvre, 2014; McKenzie
and Robertson, 2015; Murray et al., 2015). As stated in these

papers, larger birds with wider distributions are more studied,
probably because they are more easily accessible by scientists
(endemic species can only be studied by a limited number
of scientists), more easily manipulated and their large size
allows to do more studies (i.e., allowing to extract more blood,
attaching tracking devices; Bridge et al., 2011). Nevertheless,
given that many bird species are studied outside their breeding
range, future investigations should explore the effect of non-
breeding distribution range in this context. We also found a
geographical pattern showing that those birds from certain areas
(i.e., Palearctic) are more often studied (Figure 3). Previous
studies already suggested that this geographic bias was of concern
as there is no match between the biodiversity levels of a region
and the research effort to study their species (Brito and Oprea,
2009). In contrast, we did not find an effect of conservation
status. Two recent studies using regional databases also failed to
detect such an effect (McKenzie and Robertson, 2015; Murray
et al., 2015), although other papers have found that more
threatened species are investigated more often (Brooks et al.,
2008; De Lima et al., 2011; Ducatez and Lefebvre, 2014). This
difference in results can be due again to the subset of species in
our database, which does not includes many threatened species
(99% of them are considered of least concern). Interestingly,
we found an intermediate effect for the year of description of
the species indicating that those species described more recently
have fewer papers published (Figure 2). Recently, it was proposed
for mammals that such an effect could be due to larger and
more widely distributed species being described first (Brooke
et al., 2014). This however does not seem to be the case as the
intermediate effect of year of description is present even after
controlling for those two traits, which suggest an effect of time-
restriction (species described long ago have had more time to be
investigated). Further studies are needed to differentiate whether
mammals or other groups follow the same pattern shown here
for birds. To our knowledge, it is the first time that this factor
is tested explicitly and, together with our other results, suggests
that research effort is complex and multifactorial, influenced by
many different factors including geographic, phylogenetic, biotic
and human causes.

Another important result from our study is the positive and
strong correlations among all research effort variables obtained
from four different databases. These correlations exceed 0.60,
accounting thus for strong effects in consistency, and being
higher than those found by the only single study that has
tested for such a relationship (De Lima et al., 2011). This
consistency is particularly strong between the number of papers
obtained from Web of Science, Zoological Records and Google
Scholar, with values higher than 0.90, which suggest that any
of these variables can be used for studies on research effort.
Therefore, considering the facility of access to Google Scholar,
we recommend its use for future studies on the topic. On
the contrary, the lower correlation with the number of papers
included in the Handbook of the Birds of the World Alive as
well as the difficulty to extract this information (much more time
consuming than for the other databases as it is not completely
digitalized) recommend against its use for research effort
studies.
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To sum up, our findings complement previous studies on
avian research effort adding two new variables (urbanization and
year of description) that significantly explain how bird species
are studied, but also provide an additional perspective to those
papers more focused on investigating temporal and geographic
trends in avian urban ecology research (Marzluff, 2001, 2016).
The effect of urbanization in human-nature interactions can be
very subtle, like in our case, and deserves more attention in the
future (i.e., exploring if our findings apply to other organisms
too). It could be particularly interesting to study the ultimate
reasons of the bias toward urban birds in order to detect whether
we should re-orientate the allocation of scientific resources.
Finally, we confirmed the utility of Google Scholar as a good
database to carry out these kind of studies and recommend its
use in future investigations. We hope that our study is useful to
better understand how we study urban birds and more broadly
the impacts of urbanization on organisms, including humans.
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