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Abstract
Many authors have described ‘urban ecology’ as a subfield of ecology that emerged in the 1990s and has expanded expo-
nentially. We propose to take a step further and analyse the expansion of the ‘urban’ in ecology with a novel quantitative 
approach, with the aim to better understand the relationship between ecology and the urban. Previous quantitative assess-
ments of the urban in ecology have focused on short to medium time spans (5 to 40 years) and on research coined as ‘urban 
ecology’, and have rarely considered the content of publications (e.g., vocabulary and topics) using quantitative methods. 
In this paper, we conduct a bibliometric assessment and an in-depth quantitative textual data analysis of a corpus of 960 
articles published from 1922 to 2018 in 10 leading English-language journals in ecology and conservation biology. We 
address the following questions: (1) When and how have urban environments been integrated into ecological research during 
the past century? (2) What urban research topics have been investigated in ecology during the same period? (3) How have 
these research topics changed through time? Our results show that the urban was never entirely absent from publications 
in ecology. The quantitative analyses highlight three turning points (1970s, 1990s and 2000s) in the relationship between 
ecology and the urban. Moreover, they help visualize the shift from particularly scattered publications at the beginning of 
the period to publications characterized by a more homogeneous vocabulary, reflecting the stabilization of a research field 
focused on the urban in ecology.
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Introduction

Research on the ‘urban’ in ecology is often coined as ‘urban 
ecology’, a subfield of ecology that can be defined as the 
study of factors influencing the distribution and abundance 
of organisms in urban environments and the processes result-
ing from their interactions with the environment (Pickett 
et al. 2011). Urban ecology emerged in the 1970s, with the 
creation, for example, of a dedicated journal (Urban Ecol-
ogy, created in 1975 by urban planner LaNier and merged 
with Landscape and Urban Planning in 1986), and has 
undergone a boom in recent decades (McDonnell 2015; 
Barot et al. 2019; Tan 2020). Nonetheless, prior to the emer-
gence of urban ecology, pioneering studies were conducted 
on cities and urban areas (Kühnelt 1955; Kieran 1959; 
Sukopp 1973; Duvigneaud 1974; Kunick 1974).

A key marker of the increasing interest of ecologists 
in the urban environment is the publication trend through 
time, as underlined in previous reviews in ecology (e.g., 
Barot et al. 2019). Indeed, until the 1990s, urban ecology 
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was hardly present in international journals (e.g., McDon-
nell et al. 2011; Wu 2014). By contrast, the end of the 
1990s and the 2000s have been characterized by the crea-
tion of new academic journals dedicated to urban ecology 
(e.g., Urban Ecosystems in 1997, Journal of Urban Ecol-
ogy and Frontiers in Urban Ecology in 2015), the rise of 
digital forums (e.g., The Nature of Cities in 2012) and the 
publication of review articles and textbooks (e.g., Alberti 
2008; Marzluff et al. 2008; Niemelä 2011; Forman 2014; 
Douglas et al. 2020).

So far, only a few studies have involved long-term 
quantitative assessments of the evolution of publications 
dealing with the urban in ecology; to our knowledge, only 
five papers have had such a focus (Collins et al. 2000; 
Miller and Hobbs 2002; Young and Wolf 2006; Martin 
et al. 2012; Barot et al. 2019). The quantitative assess-
ments in these five articles were largely based on the com-
putation of the percentage of papers focusing on cities. 
For example, Collins et al. (2000) highlighted that from 
1995 to 2000 “a mere 0.4 percent – 25 of 6,157 – of the 
papers published in nine leading ecological journals […] 
dealt with cities or urban species” (p. 416). Miller and 
Hobbs (2002) found that less than 6% of the papers pub-
lished in Conservation Biology described studies of human 
settlements (urban, suburban and exurban). Martin et al. 
(2012) reviewed 2,573 papers from 10 highly cited ecol-
ogy journals from 2004 to 2009 and concluded that 3.9% 
of the study sites were in ‘densely settled’ areas. More 
recently, Barot et al. (2019) conducted a literature review 
combining the terms ‘urban’ and ‘ecology’ for the period 
1980–2015 in Web of Science and reported that 14,000 
articles were published each year on urban ecology, which 
represents 14% of the total number of articles published in 
ecology, with an exponential increase of publications in 
urban ecology. Such assessments are interesting, yet they 
mostly focused on short to medium time spans (from 5 to 
40 years) and provide little information on the content of 
the publications on urban settings. Young and Wolf (2006) 
looked into the content of publications in urban ecology 
and focused on goal attainment and commitments in urban 
ecology, based on an analysis of all the articles published 
in two journals (Urban Ecology and Urban Ecosystems) 
between 1975 and 2004 (n = 261). However, this in-depth 
quantitative study of urban ecology was only based on 
papers published in urban ecology journals. Such an 
approach is relevant for exploring the subfield of urban 
ecology and its specificities, but it leaves aside publica-
tions on the urban by authors who may not anchor their 
work in the subfield of urban ecology. Finally, all four 
of these literature reviews mostly adopted a bibliometric 

approach, and none of them explored in depth and from 
a quantitative perspective the content, and notably the 
vocabulary, used in the publications and the topics devel-
oped in relation to cities.

The overall aim of this article is to provide a novel contri-
bution to the understanding of the rise of the urban in ecol-
ogy, and more generally of the relationship between ecology 
and the urban, thus helping to fill three research gaps: (1) the 
lack of quantitative analysis over a century; (2) the exclusion 
of articles which do not label themselves as ‘urban ecology’ 
yet may still focus on (or include) urban areas; (3) the lack 
of quantitative assessments regarding the content, the topics 
and notably the vocabulary used in scientific publications in 
ecology and on the urban. We ask the following questions:

–	 When and how have urban environments been integrated 
into ecological research during the past century?

–	 What urban research topics have been investigated in 
ecology during the same period?

–	 How have these urban research topics changed through 
time?

While this study examines the case of the urban in ecol-
ogy and the rise of urban ecology, the implications are far 
broader. The case study presents an opportunity to engage in 
the literature on discipline and specialty formation. In the sci-
ence and technology literature, and especially in the field of 
‘new political sociology of science’, these processes are mainly 
studied through qualitative analysis. For example, studies show 
how scientists and researchers manage to incorporate certain 
research problems and issues into broader political and scien-
tific agendas (Frickel 2004) or address researchers’ different 
views of which knowledge matters most (Granjou and Arpin 
2015; Granjou et al. 2023). By conducting a bibliometric 
analysis and textual data analysis on a substantial corpus of 
publications in the field, we aim to scrutinize how the vocabu-
lary used in publications in ecology has changed over time. 
We further aim to show how changes in vocabulary reflect the 
weak signals of an interest for a new subject (here, the urban) 
in a discipline and the change in this interest. Finally, we aim 
to identify key time points in the conceptualization and defini-
tion, or even institutionalization, of a new subfield of research.

In the next section we detail our framework and method-
ology, which combines bibliometrics and textual data analy-
sis. We then present our main results, and more specifically 
the main trends that we have identified. Finally, we discuss 
the contribution of our results with regard to previous quali-
tative reviews on the relationship between ecology and the 
urban and on the history of urban ecology, and we present 
the limitations of our quantitative textual data analysis.
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Methods

General approach

In this paper, we apply bibliometric methods and quantita-
tive textual data analysis to understand how urban environ-
ments have been integrated into ecological research and 
to explore the lexical content of publications on cities in 
ecology.

Bibliometric studies have been developed in sciento-
metrics “to shed light on the processes of written com-
munication and of the nature and course of development 
of a discipline (in so far as this is displayed through writ-
ten communication), by means of counting and analyzing 
the various facets of written communication” (Pritchard 
1969). Bibliometric studies often rely on quantitative cita-
tion analysis to investigate the emergence and develop-
ment of a research field or topic. However, bibliometrics 
do not focus on the content of the publications, on the 
words used in the publications, or on the statements made 
by the authors of the articles. For this reason, in this paper 
we combine bibliometrics with quantitative textual data 
analysis.

Textual data analysis, sometimes also called ‘text min-
ing’, can be defined as a set of methods that use statistics 
to analyse text corpora (Lebart et al. 1998, 2019; Hei-
den et al. 2010; Beaudouin 2016). Recently, quantitative 
textual data analysis has been used to explore the textual 
content of scientific publications and their evolution in 
time based on the analysis of corpora of abstracts (Dufour 
et al. 2019; Desvallées et al. 2022) and in some cases of 
full-length publications (Flaminio et al. 2022a, b). Such 
methods, which stem from linguistics rather than from sci-
entometrics, are particularly efficient to detect historical 
trends and to highlight similarities and contrasts in vocab-
ulary and topics; they can be used to characterize phases 
in the development of research fields (Dufour et al. 2019). 
Gobster (2014) uses text mining methods, for example, to 
explore the themes and trends of the papers published in 
Landscape and Urban Planning.

Building a corpus of scientific papers on the urban 
in ecology

Text corpora can be defined as collections of texts (or pos-
sibly of other media such as pictures of videos) which 
are put together with specific hypothesis in mind (Mayaf-
fre 2002). We built a coherent and homogeneous corpus 
(Pincemin 1999) by focusing our study on scientific arti-
cles, since they present the advantage of having similar 
lengths and structures. Since our scope was the evolution 

and trajectory of publications on the urban in ecology, 
we focused on journals that are among the oldest avail-
able online and that were all founded before 1990. This 
led to the selection of ten ecology journals, eight with a 
broad perspective and two focused on conservation biol-
ogy (Table 1). We also chose the latter because they pub-
lished important papers related to the cities and conser-
vation (notably Miller and Hobbs 2002; Sanderson and 
Huron 2011). Data collection was performed using the 
Web of Science, JSTOR and ScienceDirect databases, as 
the last two databases are more complete for the period 
1900–1990.

We built a broad query, to be as inclusive as possible, 
using the following combination of words: ‘urban* OR city 
OR suburb* OR town OR “residential area” OR “human set-
tlement” OR “built environment” OR street’ (in singular and 
plural forms). We applied this query to titles, keywords and 
abstracts in the three databases and for 10 selected journals. 
This resulted in over 4,641 papers before duplicate suppres-
sion. By default, we decided to include in the corpus all 
articles containing ‘urban’ or ‘city’ in their titles or abstracts 
(n = 676). To exclude off-topic papers, we read the remain-
ing papers; we excluded from the corpus all articles that 
only marginally mentioned urban areas or urbanization. We 
ultimately kept a total of 960 papers published between 1922 
and December 2018.

We collected the articles in *.pdf format and batch con-
verted them to text files (using the open-source command 
line utility pdftotext and the online tool pdf2go when the 
characters were not recognized in the *.pdf file). Finally, 
using the open-source programs Regexxer and Notepad +  + , 
we semi-automatically erased from the articles any informa-
tion that risked biasing the textual data analysis or inter-
rupting the text structure: authors names, journal names, 
page numbers, repetitions of the paper title, reference lists, 
acknowledgements, tables, and figure and table captions.

Once we had finalized the corpus, we built a metadata 
table containing the following information on each article: 
the publication date, the authors, and the journal in which 
the article was published.

Data analysis

First, from a bibliometric perspective, we determined 
whether there were publications on the urban in ecology 
before the 1990s, and we plotted the number of articles pub-
lished per year in the 10 journals using R (R Core Team 
2022). Second, to identify the research themes on which 
the papers focus, we conducted a textual data analysis on 
the corpus.

To carry out the textual data analysis we used the open-
source software Iramuteq (an R interface for multidimen-
sional analyses of texts and questionnaires; (Ratinaud and 



	 Urban Ecosystems

Ta
bl

e 
1  

Jo
ur

na
ls

 s
el

ec
te

d 
fo

r t
hi

s 
stu

dy
. T

he
 s

co
pe

 o
f e

ac
h 

jo
ur

na
l i

s 
re

po
rte

d.
 T

he
 to

ta
l n

um
be

r o
f a

rti
cl

es
 fr

om
 th

e 
jo

ur
na

l’s
 fo

un
da

tio
n 

to
 D

ec
em

be
r 2

01
8 

is
 b

as
ed

 o
n 

da
ta

 fr
om

 W
eb

 o
f S

ci
-

en
ce

Jo
ur

na
l n

am
e

C
ur

re
nt

 sc
op

e 
of

 th
e 

jo
ur

na
l e

xt
ra

ct
ed

 fr
om

 it
s w

eb
si

te
Fi

rs
t i

ss
ue

N
um

be
r o

f a
rti

cl
es

 
in

cl
ud

ed
 in

 th
e 

co
rp

us

N
um

be
r o

f a
rti

cl
es

 p
ub

lis
he

d 
si

nc
e 

th
e 

jo
ur

na
l’s

 fo
un

da
tio

n
Pe

rc
en

ta
ge

 o
f a

rti
cl

es
 

in
cl

ud
ed

 in
 th

e 
co

rp
us

 p
er

 
jo

ur
na

l

Jo
ur

na
l o

f E
co

lo
gy

“J
ou

rn
al

 o
f E

co
lo

gy
 [a

 jo
ur

na
l o

f t
he

 B
rit

is
h 

Ec
ol

og
ic

al
 

So
ci

et
y]

 p
ub

lis
he

s o
rig

in
al

 re
se

ar
ch

 p
ap

er
s o

n 
al

l a
sp

ec
ts

 o
f 

th
e 

ec
ol

og
y 

of
 p

la
nt

s (
in

cl
ud

in
g 

al
ga

e)
, i

n 
bo

th
 a

qu
at

ic
 a

nd
 

te
rr

es
tri

al
 e

co
sy

ste
m

s.”

19
13

25
6,

54
8

0.
38

%

Ec
ol

og
y

“E
co

lo
gy

 [a
 jo

ur
na

l o
f t

he
 E

co
lo

gi
ca

l S
oc

ie
ty

 o
f A

m
er

ic
a]

 
pu

bl
is

he
s r

es
ea

rc
h 

an
d 

sy
nt

he
si

s p
ap

er
s o

n 
al

l a
sp

ec
ts

 o
f 

ec
ol

og
y,

 w
ith

 p
ar

tic
ul

ar
 e

m
ph

as
is

 o
n 

pa
pe

rs
 th

at
 d

ev
el

op
 

ne
w

 c
on

ce
pt

s i
n 

ec
ol

og
y,

 th
at

 te
st 

ec
ol

og
ic

al
 th

eo
ry

, o
r 

th
at

 le
ad

 to
 a

n 
in

cr
ea

se
d 

ap
pr

ec
ia

tio
n 

fo
r t

he
 d

iv
er

si
ty

 o
f 

ec
ol

og
ic

al
 p

he
no

m
en

a.”

19
20

72
16

,2
69

0.
44

%

Ec
ol

og
ic

al
 M

on
og

ra
ph

s
“P

ap
er

s p
ub

lis
he

d 
in

 E
co

lo
gi

ca
l M

on
og

ra
ph

s [
a 

jo
ur

na
l o

f 
th

e 
Ec

ol
og

ic
al

 S
oc

ie
ty

 o
f A

m
er

ic
a]

 p
ro

vi
de

 in
te

gr
at

iv
e 

an
d 

co
m

pl
et

e 
do

cu
m

en
ta

tio
n 

of
 m

aj
or

 e
m

pi
ric

al
 a

nd
 th

eo
re

tic
al

 
ad

va
nc

es
 in

 th
e 

fie
ld

 a
nd

 e
st

ab
lis

h 
be

nc
hm

ar
ks

 fr
om

 w
hi

ch
 

fu
tu

re
 re

se
ar

ch
 w

ill
 b

ui
ld

.”

19
31

7
1,

54
3

0.
45

%

Jo
ur

na
l o

f A
ni

m
al

 E
co

lo
gy

“J
ou

rn
al

 o
f A

ni
m

al
 E

co
lo

gy
 [a

 jo
ur

na
l o

f t
he

 B
rit

is
h 

Ec
ol

og
i-

ca
l S

oc
ie

ty
] p

ub
lis

he
s t

he
 b

es
t a

ni
m

al
 e

co
lo

gy
 re

se
ar

ch
 th

at
 

de
ve

lo
ps

, t
es

ts
 a

nd
 a

dv
an

ce
s b

ro
ad

 e
co

lo
gi

ca
l p

rin
ci

pl
es

.”

19
32

55
5,

73
1

0.
95

%

O
ik

os
“O

ik
os

 [a
 jo

ur
na

l o
f t

he
 N

or
di

c 
So

ci
et

y 
O

ik
os

] p
ub

lis
he

s 
or

ig
in

al
 a

nd
 in

no
va

tiv
e 

re
se

ar
ch

 o
n 

al
l a

sp
ec

ts
 o

f e
co

lo
gy

, 
de

fin
ed

 a
s o

rg
an

is
m

-e
nv

iro
nm

en
t i

nt
er

ac
tio

ns
 a

t v
ar

io
us

 
sp

at
io

te
m

po
ra

l s
ca

le
s, 

so
 in

cl
ud

in
g 

m
ac

ro
ec

ol
og

y 
an

d 
ev

ol
ut

io
na

ry
 e

co
lo

gy
”

19
49

38
8,

71
5

0.
43

%

Jo
ur

na
l o

f A
pp

lie
d 

Ec
ol

og
y

“J
ou

rn
al

 o
f A

pp
lie

d 
Ec

ol
og

y 
[a

 jo
ur

na
l o

f t
he

 B
rit

is
h 

Ec
o-

lo
gi

ca
l S

oc
ie

ty
] p

ub
lis

he
s n

ov
el

, h
ig

h-
im

pa
ct

 p
ap

er
s o

n 
th

e 
in

te
rfa

ce
 b

et
w

ee
n 

ec
ol

og
ic

al
 sc

ie
nc

e 
an

d 
th

e 
m

an
ag

em
en

t 
of

 b
io

lo
gi

ca
l r

es
ou

rc
es

.”

19
64

11
1

5,
63

9
2.

07
%

Bi
ol

og
ic

al
 C

on
se

rv
at

io
n

“B
io

lo
gi

ca
l C

on
se

rv
at

io
n 

[a
n 

affi
lia

te
 p

ub
lic

at
io

n 
of

 th
e 

So
ci

et
y 

fo
r C

on
se

rv
at

io
n 

B
io

lo
gy

] i
s a

 le
ad

in
g 

in
te

rn
a-

tio
na

l j
ou

rn
al

 in
 th

e 
di

sc
ip

lin
e 

of
 c

on
se

rv
at

io
n 

sc
ie

nc
e.

 T
he

 
jo

ur
na

l p
ub

lis
he

s a
rti

cl
es

 sp
an

ni
ng

 a
 d

iv
er

se
 ra

ng
e 

of
 fi

el
ds

 
th

at
 c

on
tri

bu
te

 to
 th

e 
bi

ol
og

ic
al

, s
oc

io
lo

gi
ca

l, 
et

hi
ca

l a
nd

 
ec

on
om

ic
 d

im
en

si
on

s o
f c

on
se

rv
at

io
n.

”

19
68

35
0

8,
29

1
4.

22
%

O
ec

ol
og

ia
“O

ec
ol

og
ia

 [p
ub

lis
he

d 
in

 c
oo

pe
ra

tio
n 

w
ith

 th
e 

In
te

rn
at

io
na

l 
A

ss
oc

ia
tio

n 
fo

r E
co

lo
gy

] p
ub

lis
he

s i
nn

ov
at

iv
e 

ec
ol

og
i-

ca
l r

es
ea

rc
h 

of
 g

en
er

al
 in

te
re

st 
to

 a
 b

ro
ad

 in
te

rn
at

io
na

l 
au

di
en

ce
. W

e 
pu

bl
is

h 
se

ve
ra

l t
yp

es
 o

f m
an

us
cr

ip
ts

 in
 m

an
y 

ar
ea

s o
f e

co
lo

gy
.”

19
68

74
12

,9
05

0.
57

%



Urban Ecosystems	

Déjean 2009). This software has been used in various pub-
lications to analyse survey results (e.g., Torres et al. 2018), 
and to explore the scientific literature on specific topics (e.g., 
Hamman 2017), mostly based on corpora of article abstracts 
(Plumecocq 2014; Allain et al. 2017; Dufour et al. 2019; 
Curt 2021). In the latter case, the results from Iramuteq are 
often used to interpret trends in the evolution of scientific 
fields and topics.

Iramuteq relies on R and the Python programming lan-
guage (Van Rossum and Drake 1995) to perform its cluster-
ing algorithm (Reinert 1983, 1990), which comprises five 
main phases (Cottet et al. 2015). (1) The clustering algo-
rithm identifies active words (i.e., words potentially carrying 
a semantic value) and splits the text into segments contain-
ing a constant number of active words (which corresponds, 
in our case, to approximatively 40 words per segment). (2) 
The algorithm then lemmatizes the words using a grammati-
cal dictionary. In linguistics, a lemma is generally defined as 
“a set of lexical forms having the same stem and belonging 
to the same major word class, differing only in inflection 
and/or spelling” (Francis and Kučera 1982, p. 1). In general, 
a lemma is the standard dictionary entry of a word. To lem-
matize means to tag words of a corpus according to their 
stem. In our case, the software matched each word of the 
corpus to a dictionary entry. The algorithm then (3) produces 
a contingency table between the lemmas and text segments, 
and (4) performs a top-down hierarchical spectral clustering 
method on text segments, using the χ2 distance computed 
with the contingency table. The top-down approach means 
that all text segments start in the same cluster and are then 
divided recursively according to their first factorial coordi-
nate (obtained with a correspondence analysis). For a com-
plete description of the method see Reinert (1993). (5) The 
algorithm finally computes the signed χ2 association metric 
(Reinert 1993) between active lemmas and resulting clusters. 
Reinert defines the signed χ2 association metric between two 
modalities (belonging to two different categorical variables) 
as the value of the χ2 statistic test of the 2 × 2 contingency 
table with both modalities versus the rest. This statistic is 
signed based on whether the modalities attract (positive) or 
repel (negative) each other. It is therefore possible to com-
pute the degree of association between these semantic fields 
and any corpus metadata, such as the publishing date (again 
by using the signed χ2 association metric). We tested several 
levels of hierarchical spectral clustering, and the results with 
10 clusters (i.e., 10 semantic fields) offered a good balance 
between lexical diversity, interpretability, and a relatively 
small number of groups. We characterized each cluster in 
a similar way to in previous studies (e.g., Desvallées et al. 
2022), using Iramuteq to identify text segments and articles 
which were strongly associated with the clusters.

To understand the evolution in time of these ten semantic 
fields, we conducted two analyses in parallel. First, using Ta
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Python, we computed and plotted the signed χ2 associa-
tion metric values (with dotted lines representing the 0.01 
significance level for a χ2 distribution with 1 degree of 
freedom, which is equal to 6.63) representing the over- and 
underrepresentation of the different semantic fields among 
publication years. Second, we conducted a correspondence 
analysis based on the contingency table between lemmas 
appearing at least 1,000 times in the corpus and publication 
years. On the resulting factorial map, we displayed: (1) the 
top 10 lemmas for each cluster (regarding their χ2 associa-
tions), with size of the text corresponding to the frequency 
in the corpus; (2) triangles: the barycentres, or the centres 
of mass, of the semantic fields, computed as the weighted 
(by the positive χ2 associations) average of the lemma 
coordinates; (3) red dots: publication years, with dot size 

corresponding to the aggregated number of lemmas; and (4) 
blue line: the ± 2-year moving average around the displayed 
year, indicating the general trend of the articles over time.

Results

Overview of the distribution of the publications

According to our corpus, very few papers were published on 
the urban in ecology before the 1960s (Fig. 1). However, dur-
ing this period journals generally published only a few issues, 
and thus only a small number of papers, per year; the per-
centage of papers included in the corpus was therefore often 
over 1% for this period. The number of papers on the urban 

Fig. 1   Period of activity of the journals, special issues on urban-
related topics present in the corpus, number of papers per year based 
on the corpus (grey bars), and percentage of papers on urban areas 
and urbanization (black line), according to the query and selection 

process explained in the Methods section. The percentage corre-
sponds to the yearly ratio between the number of articles in the cor-
pus and the total number of articles published in the 10 selected jour-
nals
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in ecology then increased, but the corpus is characterized by 
small peaks and troughs, which are essentially coincidental, 
until the 1990s. However, the 1989 peak corresponds to a 
special issue on “environmental problems of industrialized 
countries” in Journal of Applied Ecology. From 1990 to 2018, 
the number of publications per year increased substantially. 
Some peaks in the corpus are directly related to special issues 
on cities or urbanization, such as the 1990 special feature on 
“the use of urban gradients in ecological studies” in Ecology 
(volume 71, issue 4) and the 2006 special issue on urbaniza-
tion in Biological Conservation (volume 127, issue 3). Other 
peaks cannot be easily explained based on information from 
the articles themselves.

Semantic fields of scientific publications on urban 
areas and urbanization

The hierarchical spectral clustering analysis produced 10 
clusters corresponding to the major semantic fields of the 

corpus of scientific articles. These clusters and semantic 
fields are shown in a dendrogram (Fig. 2) and are character-
ized by quotations and examples of publications (Supple-
mentary information 1).

Cluster 1 (13.9% of the text segments) groups text seg-
ments and texts relating mostly to plant ecology. Many of 
the articles representative of this cluster were published 
before 2000.
Cluster 2 (11% of the text segments) relates to urbani-
zation and global change, and more generally to major 
social and environmental changes, such as climate 
change, species extinction, and habitat fragmentation. 
This cluster is mostly composed of more recent texts.
Cluster 3 (5.95% of the text segments) concerns parks 
and protected areas, a theme strongly present in conser-
vation journals.
Cluster 4 (11.5% of the text segments) focuses on biodi-
versity conservation and connections between science and 

Fig. 2   Dendrogram representing the 10 semantic fields of the cor-
pus of scientific publications in ecology (1922–2018). The figure is 
based on the hierarchical spectral clustering analysis of the textual 
segments, performed with Iramuteq. For each semantic field and in 
each cluster, the lemmas are ranked in descending order of degree of 

association with the clusters (using the signed χ2 association metric), 
also expressed by the size of the text. Keywords, established through 
a qualitative analysis, are presented under the class numbers to facili-
tate interpretation
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management; as with cluster 3, this theme is very present 
in articles published in conservation journals.
Cluster 5 (8.1% of the text segments) comprises text seg-
ments containing information on the data collection pro-
cess and on the observation of different species.
Cluster 6 (11.2% of the text segments) focuses more gen-
erally on animal ecology.
Clusters 7 and 8 (over 20% of the text segments) relate to 
the description of methods and results in connection with 
statistical analyses.
Cluster 9 (12.2% of the text segments) is related to urban 
habitats and species.
Cluster 10 (10% of the text segments) groups words and 
text segments which describe the areas where fieldwork 
was conducted.

Changes to the 10 semantic fields over time (1922–
2018)

Figure 3 shows the distribution of the 10 semantic fields within 
the corpus over time. It is clear that the semantic fields are not 
evenly distributed over time. For example, plant ecology (clus-
ter 1) was overrepresented in the corpus from the beginning 
of the study period to the mid-1930s (signed χ2 association 
metric > 6.63). This semantic field was slightly underrepre-
sented in 1939 (signed χ2 association metric < -6.63), before 
being once again overrepresented in 1947 and 1949 and at 
the beginning of the 1960s, and then mostly overrepresented 
from the mid-1960s to the beginning of the 1980s. It was then 
alternately over- and underrepresented until the mid-2000s, 
after which point it was essentially underrepresented.

Fig. 3   Over- and underrepresentation (distribution above and below 
the zero line, respectively) of the 10 semantic fields (1922–2018). 
The scale on the left represents the signed χ2 association metric val-

ues, and the dotted lines represent the 0.01 significance level for a χ2 
distribution with 1 degree of freedom (= 6.63). The colours used in 
this figure are the same as in Fig. 2
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Also, text segments on methods, statistics and modelling 
(clusters 7 and 8) have become increasingly overrepresented 
since the mid-1990s, whereas observations and inventories 
(clusters 5 and 6) have become less common since the mid-
2000s. While the semantic field related to protected areas 
(cluster 3) has regularly been overrepresented throughout the 
study period (in one year during the 1930s, at the beginning 
of the 1960s, and more often in recent years), biodiversity 
conservation (cluster 4) was briefly overrepresented at the 
end of the 1960s and at the beginning of the 1970s but has 
mostly gained momentum only since 2012. Urbanization and 
global change (cluster 2) have also only become overrepre-
sented in the corpus since the mid-2000s, along with urban 
landscapes and species (cluster 9), despite this semantic 
field’s underrepresentation in 2014 and 2017.

The factorial map (Fig. 4) helps visualize the main lexi-
cal contrasts and proximities within the corpus according to 
the year of publication of the papers. The map illustrates the 
lexical differences between the pre-2000 publications (on the 
left side of Fig. 4) and the post-2000s publications (on the 
right side of Fig. 4). Moreover, the trajectory of the moving 
average curve before the 1990s (blue line on the left side of 
Fig. 4) is rather erratic and convoluted. This is in contrast to 
the curve’s trajectory between the 1990s and 2018, which 

shows a clear progression (on the far right of Fig. 4). The 
small number of keywords situated in the pre-1990 ellipsis 
reveals the extent to which the corpus is unbalanced in the 
number of papers published before and after 1990 and it 
highlights the difficulty interpreting pre-1990 changes in 
vocabulary. Post-1990, many more keywords appear, and the 
progression towards issues such as biodiversity conservation 
and climate change can be seen.

Discussion and conclusion

In this paper, we have investigated the changing importance 
of the urban in the ecological literature over the past century 
using bibliometrics and textual data analysis. We aimed to 
provide a novel contribution to the understanding of the rise 
of the urban in ecology, and more generally of the relation-
ship between ecology and the urban.

We have opted for journals among the oldest in ecology 
with broad scopes and with a regular rate of publication. 
This approach ensured the consistency and homogeneity of 
the corpus, two conditions which are essential when produc-
ing and analyzing text corpora (Pincemin 1999). We have 
selected eight journals with a broad perspective in ecology 
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Fig. 4   Factorial map representing the correspondence analysis based 
on the contingency table between lemmas appearing at least 1,000 
times in the corpus and publication years (colours in Fig.  4 are the 
same as in Fig. 2 and 3). The top 10 lemmas for each cluster (based 
on their χ2 associations; Fig.  2) are displayed, with the size of the 

text corresponding to the frequency in the corpus. The barycentres of 
the semantic fields (triangles), the publication years (red dots), and 
the moving average (blue line) are also shown. The horizontal dimen-
sion explains 10.51% of the variance, whereas the vertical dimension 
explains 5.51%
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and two focused on conservation biology. Our in-depth text 
data analysis contrasts with previous works (Barot et al. 
2019; Young and Wolf 2006) focused on short or medium 
time spans. Besides, our selection of specific journals at the 
outset, with respect to a random selection of papers based on 
keywords (e.g., Barot et al. 2019) has allowed us to limit in 
number the sample of papers in order to be able to carefully 
read each of them and exclude non-relevant articles.

By focusing on the urban in ecology, and not solely 
on research that has been labelled as ‘urban ecology’, our 
study clearly shows that urban environments were never 
completely absent from international publications in main-
stream ecology journals during the past century. Our results 
(Fig. 1) show that cities and urbanization have been present 
for a long time in publications in ecology, but at a very low 
intensity. Thus, considering the small percentage of litera-
ture on cities before the 1990s, our study also corroborates 
the results from a qualitative review on urban ecology, in 
which the author states that urban ecology was hardly vis-
ible in mainstream ecology journals before the late 1980s 
(Wu 2014).

Our study helps visualize a first turning point in the 
1970s, mentioned in some previous qualitative reviews 
(Breuste et al. 1998; Sukopp 1998; Douglas and Goode 
2010; McDonnell 2015). Based on the textual data analy-
sis (and notably the topics and semantic fields), the grow-
ing number of publications on urban areas starting in the 
1970s seems to be connected with concerns regarding the 
spatial expansion of urban areas and discussions on the role 
protected areas can play in the mitigation of the effects of 
urbanization.

More strikingly, the quantitative textual data analysis con-
firms a second turning point in the 1990s, noted in previous 
qualitative reviews (Parris 2004; Johnston and Daniels 2006; 
McDonnell et al. 2011). Further, it shows the extent to which 
publications on the urban were scattered and followed no 
clear temporal structure before 1990, and it indicates that 
no leading topics clearly emerged in relation to the urban 
during that period. We tested the clustering algorithm on 
a subcorpus comprising the texts spanning from 1922 to 
1990 and the resulting clusters were impossible to interpret, 
revealing the strong heterogeneity of the pre-1990 articles. 
In this respect, the factorial map (Fig. 4) clearly reveals the 
contrast between the pre-1990 period, during which the dis-
course appears much less structured (notably considering 
the moving average) and the post-1990s periods, when the 
vocabulary is much more identifiable. Future studies seeking 
to better understand the pioneering research on the urban in 
ecology would need to use qualitative methods to identify 
the main topics or ideas present in publications in ecology 
in relation to cities and urbanization, including in pre-1990 
articles. Some attempts at this task have already been made 
(Flaminio et al. 2022), but it would be particularly relevant 

to explore corpora based on non-English language publica-
tions. Indeed, many pioneering studies on the urban in ecol-
ogy were published in other languages (e.g., Kühnelt 1955; 
Sukopp 1973; Duvigneaud 1974; Kunick 1974; Pyšek 1975), 
and researchers from non-Anglophone countries and univer-
sities have played an important role in the development of 
research on urban environments (Norra and Petney 2016). 
Such efforts could corroborate and complement our result 
that publications on the urban were particularly scattered and 
unstructured before the 1990s.

Our results show a third turning point in the 2000s, in the 
form of a major change in topics, semantic fields and vocab-
ulary. Specifically, the topics of urbanization and urban land-
scapes became overrepresented in the corpus during those 
years (Fig. 3). Such a change indicates that the emergence of 
a research field, with papers which regularly bring up plan-
ning issues, as well as major environmental issues such as 
climate change. Environmental concerns have already been 
put forth in previous studies as a factor contributing to the 
reinforcement of urban ecology (Cressey 2015). Moreover, 
the recent overrepresentation of the semantic fields of urban 
landscapes and urbanization suggests that if the urban was 
indeed present in articles before 2000, it was most likely less 
discussed and under-theorized. A similar trend, e.g., the lack 
of theoretical insights in early studies in ecology focusing 
on urban areas, has been suggested by previous reviews of 
urban ecology (Young 2009).

Finally, our paper contributes to the literature on dis-
cipline and specialty formation through its experimental 
approach to decrypting the vocabulary used in the main pub-
lications affiliated with a discipline. It privileges a quantita-
tive approach where qualitative discourse approaches often 
dominate (e.g., Frickel 2004)1. Notably, the textual data 
analysis, which complemented the bibliometric analysis, 
enabled detection of the stabilization and homogenization 
of the vocabulary, concomitant to the establishment of a 
specific research subfield.

This main finding could be tested on other discipli-
nary or more specific corpora in ecology and biology, for 
instance on taxa specific journals (e.g., Journal of Avian 
Biology) or on journals dedicated to specific biological 
processes (e.g., Biological invasions2) Indeed, this way 
of scrutinizing the emergence of research subfields, such 
as urban ecology, through changes in vocabulary seems 

1  The type of quantitative approach we propose here can be usefully 
combined with a qualitative approach. Such mixed-methods research 
design therefore led us to identify different urban imaginaries associ-
ated with the city in the history of ecology (Flaminio et al. 2022) as 
well as to define more specifically what inattention to the city in ecol-
ogy can mean (Chalmandrier et al. 2024).
2  Interestingly, Biological Invasions published a special issue dedi-
cated to urban invasions in 2017.
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particularly promising and deserves to be explored more 
widely. We hope that our proposition will encourage the 
use of bibliometrics and textual data analysis as comple-
mentary tools to better understand the rise of new topics 
and research fields.
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