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HIGHLIGHTS

e African urban ecology is understudied.

o There are important geographic, ecological and scientific biases.

e Urban ecology is significantly more studied in wealthier African countries.

e More urbanized areas (now or in the future) are not the main focus of study.
e We need to redirect our priorities regarding urban ecology in Africa.

ARTICLE INFO ABSTRACT

Keywords: Urbanization is an extreme human activity and is expanding worldwide, consequently increasing the attention of
Africa scientists across research areas of urban ecology. Recent studies have warned of the lack of information from
B?UdiverSity certain regions, particularly Africa, which is rapidly urbanizing. Thus, we did a detailed literature search to
Literature search determine the state of knowledge in African urban ecology in the last century. We found 795 relevant papers
Research effort . . . .
Review from where data were collected and tested to understand geographic and ecological mismatches in research
Urban ecology effort, allowing us to identify important knowledge gaps (e.g., taxonomy and scientific fields). We also tested the
effect of current and future urbanization intensity, human population density, size and conservation status of
ecoregions and Gross Domestic Product (GDP) on research effort. Our results suggest a low turnout of papers and
a dearth of knowledge about African urban ecology. Studies were conducted in 72% of African countries, with
South Africa alone accounting for almost 40% of all published papers. The studies were either conducted at the
city (55%) or local/country (34%) level, suggesting the lack of transnational research collaboration. Interest-
ingly, only country GDP and the size and conservation status of ecoregions significantly predicted the number of
publications, suggesting that research effort is driven by economic reasons and the relevance of conservation in
African urban ecology. We need to account for these biases to advance our understanding of the impacts of
urbanization on African biodiversity.

1. Introduction

Rapidly expanding urbanization is a major threat to nature world-
wide, leading to the reduction of biodiversity and alteration of species
interactions and ecosystem services (Gaston, 2010; McDonald, Kareiva,
& Forman, 2008; McKinney, 2006; United Nations, 2016). The impacts
of urbanization could be even worse in the near future due to the geo-
metric progression of human population. According to the United Na-
tions (2019), the global human population density will increase from 60
humans/km? in 2020 to 78 humans/km? in 2050, while the global urban

land cover will increase from 824,200 km? to 1,145,698 km? during the
same period (Angel et al., 2011). Thus, research on urban ecology is
imperative to achieve sustainable development, allowing for the un-
derstanding of ecological processes in urban areas and providing
necessary data for urban planning, landscape design, policy formulation
and biodiversity conservation (Corbyn, 2010; Moragues-Faus & Carroll,
2018).

Given the availability of various definitions of urban ecology, we
follow the scientific proposition that incorporates the ‘interaction of
organisms, built structures and the physical environment where people
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are concentrated’ (Forman, 2014). Due to the transformative potential
of urbanization, the concept of social and ecological integration
(inclusiveness) has been proposed to enhance biodiversity in urban
areas (e.g., Haase et al., 2017). For instance, Ferketic et al., (2010)
demonstrated the usefulness of inclusiveness in promoting conservation
justice in Cape Town (South Africa), thereby influencing the ecology of
the city, and an understanding of such a nexus is useful to design resil-
ient and sustainable urban areas (Childers et al., 2015; Grimm et al.,
2008).

The globally recognized multi-disciplinary fields and the embedded
scientific topics in urban ecology have attracted increasing attention
from researchers (e.g., Anderson et al., 2013; Cilliers et al., 2013; Girma
et al,, 2019). However, several papers have highlighted important
knowledge gaps across regions, taxa and scientific topics (e.g., Magle
etal., 2012; Toth et al., 2020; van der Walt et al., 2015). Probably, one of
the most important mismatches between urban ecology research effort
and the urbanization process is the lack of knowledge on the topic from
the most rapidly urbanizing continents of South America, Asia and Af-
rica (Ibanez-Alamo et al., 2017; Seto et al., 2012; Shackleton et al.,
2021). As identified in these studies, geographic biases impede the full
comprehension of the real impacts of urbanization on nature. Future
studies conducted in appropriate areas will therefore be useful to
determine ameliorative strategies needed to promote the co-existence of
humans with nature, thereby enhancing urban habitats and the associ-
ated biodiversity, which is in line with the 1 1™ Sustainable Development
Goal of the United Nations (2021).

Literature reviews provide an opportunity for summarizing the state
of evidence-based knowledge applied in many fields (e.g., Ibanez-Alamo
etal., 2017; Magle et al., 2012). Broadly, this involves the incorporation
of published literature in any given field (Garousi et al., 2019). How-
ever, the generalization and application of findings from literature re-
views in decision-making have been a subject for debate, mainly due to
transparency, objectivity, repeatability and credibility (Sanchez-Tojar
et al., 2020). Since traditional approaches to literature reviews are prone
to errors (Grant & Booth, 2009), rigorous methodological approaches
have been developed and applied more recently in the field of urban
ecology (e.g., Cilliers et al., 2018; Kendal et al., 2020; Ibafiez-Alamo
et al., 2017), allowing for an important advancement in our under-
standing of the effect of urban areas on organisms.

In the present study, we conducted a systematic literature review to
determine trends in urban ecological research conducted in Africa.
Relative to other regions such as Asia, Europe and North America
(Forman, 2016; Lin & Grimm, 2015; Magle et al., 2012; Wu et al., 2014),
there have been few attempts aimed at synthesizing the state of
knowledge in African urban ecology (e.g., Cilliers et al., 2013; Shack-
leton et al., 2017; Lindley et al., 2018; du Toit et al., 2018). Our aims
were to (i) analyze the current status of research effort on urban ecology
in this continent, (ii) identify research gaps (geographic, taxonomic and
ecological) and (iii) provide recommendations and insights on future
prospects. Additionally, (iv) we investigated the potential association of
urban ecology research effort with some factors previously associated
with the number of scientific publications. On the one hand, we tested
whether the number of publications in the field (i.e., urban ecology) per
country could be influenced by human population density, economic
wealth, as well as the current or future urbanization prospects. Given the
positive association between human population density and the degree
of urbanization (e.g., Gao & O’Neill, 2021; Qizhi et al., 2016), we would
expect that countries with high human population density would hold
the majority of studies in urban ecology. Furthermore, if urban ecology
research effort is driven by the intensity of urbanization, based on the
scientific reasoning of geographic focus areas of particular interest, we
could predict a positive association of the number of publications on this
topic in those countries currently more urbanized or with the highest
rate of urban expansion (i.e., future urbanization). Although the rela-
tionship between urbanization and economic growth is often contested
(e.g., Chen et al., 2014; Moomaw & Shatter, 1996), we would expect
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that wealthier countries (i.e., higher Gross Domestic Product -GDP-) are
those concentrating the majority of urban ecological studies as increased
funding positively influences publication rates (Man et al., 2004). On the
other hand, we also tested whether the number of publications in the
field could be influenced by the conservation status and size of African
ecoregions. Previous reviews have pointed out the positive association
between the conservation status of study sites and research effort (e.g.,
de Lima et al., 2011). Thus, if research effort is based on conservation-
oriented reasons, we would expect that threatened ecoregions will be
more studied. In addition, since smaller areas generally support lower
species richness (see Rantalainen et al., 2005), we would expect that
larger ecoregions will provide more study opportunities for researchers
specializing in different species and scientific topics, and will therefore
be more studied. Considering the marked differences between Global
North and Global South urban settings (Shackleton et al., 2021), we
acknowledge that there could be other factors (e.g., climate severity,
colonial history or high diversity in human-nature interactions) shaping
the urban ecology research effort in Africa, which is considered part of
the Global South. However, we did not include them because of the
difficulty of extracting such information and to avoid over-
parameterization of models. Findings of this study will provide addi-
tional information about African urban landscapes that should generate
interest among researchers, conservation practitioners and policy-
makers.

2. Methods
2.1. Bibliographic search and paper screening

We performed a literature search in Web of Science, Google Scholar
and Scopus on 8 March 2021 using different combinations of 89 relevant
keywords within the article titles, abstracts and keywords, covering the
period 1920-2020. The search string containing research focus (23
keywords; e.g., ecology, biodiversity and wellbeing) and urban terms (5
keywords; e.g., urban, city and town) were matched with region (Africa
and country name). We performed independent searches for each of the
58 countries and autonomous territories in the continent. A detailed
description of these search terms, and the relevant Web of Science cat-
egories (41) and Scopus study fields (10) selected can be found in
Table S1. The relevance of the use of such comprehensive keywords has
been demonstrated by previous studies (e.g., Raji & Downs, 2021; Roy
et al., 2012; Tan & bin Abdul Hamid, 2014).

We then uploaded all detected papers on Rayyan (https://www.
rayyan.ai/) for screening. Rayyan is a web-based App that uses a semi-
automation process to screen paper’s preliminary pages with a high
degree of precision (Olofsson et al., 2017; Ouzzani et al., 2016). Its
adaptability and many functions allow the detection of duplicates,
verification, collaboration and decisions in systematic reviews (Abreha,
2019; de Keijzer et al., 2016). In the present study, both authors inde-
pendently performed the paper selection process by activating the “blind
function” in Rayyan and reached a consensus thereafter.

Our selection process followed the Preferred Reporting Items for
Systematic Reviews and meta-analyses (PRISMA Statement) (Abreha,
2019; Moher et al., 2009), which is presented in Fig. 1. Based on article
titles and abstracts, we first excluded duplicates, non-African studies and
investigations carried out outside urban settings. We also excluded pa-
pers on human diseases, climate change, pollution and agriculture when
they were exclusively focused on clear different disciplines, such as
malaria studies exclusively focused on the medical science (e.g., Kigozi
et al., 2020) or agricultural papers investigating different crop varieties
without any socio-ecological, biodiversity or human dimensions focus
(e.g., Kent et al., 2001). Several systematic reviews already exist on
these disciplines (e.g., Fayiga et al., 2018; Hulme et al., 2001; Orsini
et al., 2013). The remaining articles were then screened and those that
met the following criteria were retained for data extraction: (1) urban
landscape, ecological and sociological studies, (2) journal articles
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Fig. 1. PRISMA flow diagram for determining the state of urban ecology in Africa using the Rayyan Software.

published in English, (3) peer-reviewed as a first step towards quality
control (Beninde et al., 2015; Raji & Downs, 2021), and (4) biodiversity
conservation studies (including pet animals and introduced species).

2.2. Data extraction and categorization

We extracted the following data from each included paper: title, year
of publication, journal, country of study and study sites. We then clas-
sified each paper based on type (field study, review or perspective) and
scale, which included city (conducted in a single city), local (involving
more than one city in a country), regional (involving more than one
African country) and global (involving more than the African continent).
Further, we followed the classification of Magle et al. (2012) to allocate
each paper to one of the following scientific fields, including animal
behavior, community ecology, conservation, human dimensions,
human-wildlife conflict, landscape ecology, population ecology, wildlife
disease and wildlife management. For taxonomic studies, we extracted
information on the kingdoms and classes of focal species based on the
classification of the Global Biodiversity Information Facility (GBIF)
(GBIF, 2021; accessed May 2022).

With the exception of reviews and perspectives, we obtained the
coordinates of all 1405 African study sites included in the selected pa-
pers by using Google Earth. This ensured conformity and completion
given that the coordinates of some sites were either not originally pro-
vided in the papers or were presented in different formats. We then
obtained information on all terrestrial ecoregions found in Africa from
the World Wildlife Fund for Nature (WWF: Olson et al., 2001). Further
data on the ecoregions, including size, conservation status and the
biome they are located in, were also collected (Burgess et al., 2004). In
addition, we obtained data on urbanization intensity and urban land
cover (2015) across the continent, as well as the total population (2015)
and total land area of each studied country from Africapolis (OECD/
SWAC, 2020; accessed 9th June 2021). Urban land cover was used as a
proxy for country urbanization intensity, while the total population was
divided by the total land area to obtain the population density of each
country. We then overlaid the study sites across ecoregions and urban-
ization intensity, as well as urbanization intensity across ecoregions,
using QGIS (version 3.24 Tisler). Africapolis is the single most important
and comprehensive geospatial database on cities and urbanization dy-
namics in Africa, which incorporates data on demography, satellite and
aerial imagery and other cartographic sources (OECD/SWAC, 2020). To
investigate urbanization prospect based on the urban land cover, data on
the average annual rate of change of the percentage urban expansion by

country (2015-2050) were integrated (United Nations, 2018). The Gross
Domestic Product (GDP 2020; US$) of each studied country was also
extracted from the National Accounts Section of the United Nations
Statistics Division (accessed 6th May 2022).

2.3. Statistical analyses

All analyses were carried out using R Version 1.4.1717 (R Core Team,
2016). We performed descriptive statistics using the number of pub-
lished urban ecological studies to determine temporal and spatial trends
in urban ecological knowledge across years, countries, study scales,
scientific fields, journals, and taxonomic kingdoms and classes.

We first used the number of published urban ecological studies
(hereafter: research effort) per country as the response variable to test
the effect of urbanization intensity, urbanization prospect, human
population density and GDP using general linear models (LM). We used
the “performance” package to check for multi-collinearity among the
independent variables (Bernat-Ponce et al., 2021; Liideck et al., 2021)
and tested the normality (Shapiro & Wilk, 1965) of the dependent var-
iable (p < 0.05). The independent variables had low correlation (Vari-
ance Inflation Factor < 5) and, consequently, were all included in the
models, but research effort was log-transformed to obtain reasonably
normally distributed residuals from final models, and models that did
not violate LM assumptions when examined visually as diagnostic plots
(Crawley, 2013). Using the stepwise backward selection method
(Crawley, 2013), variables with the highest p values were removed and
the procedure repeated until the best model was selected as the one with
the lowest Akaike Information Criterion value (Burnham & Anderson,
2002). Statistical significance was set at p value < 0.05. We also con-
ducted a sensitivity analysis (Moher et al., 2009) due to the dispropor-
tionate weight of South African studies in our database, causing outliers.
Of the overall 710 field studies that mentioned the 42 African countries
represented here, 313 (44 %) were from South Africa. The second model
therefore incorporated the same variables as the first but without South
African papers.

Secondly, we tested for mismatches in the distribution of research
effort across ecoregions. Note that this information could not be com-
bined with the one collected at the country level and thus requires for an
additional model to be tested. Given that research effort was not nor-
mally distributed (p < 0.05) even after log-transformation, we built a
separate model using Poisson Logistic Regression to test if the size and
conservation status of ecoregions (factor: Critical, Endangered, Vulner-
able, Relatively Stable or Relatively Intact) influence research effort. We
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then conducted a Tukey post-hoc test for a pairwise comparison across
the different categories of conservation status using the package
“emmeans” (Manley et al., 2015; Yvoz et al., 2020).

3. Results

Our search string detected a total of 60,355 papers out of which
17,793 duplicates were removed. The output of the remaining processes
of Rayyan screening led to the retention of 795 papers considered in this
review (Fig. 1). Out of them, 691 (87 %) were field studies, 90 (11 %)
reviews and 14 (2 %) perspectives, all of which were published in 377
journals (Table S2). The first urban ecology studies focused on Africa
date back from the 1970s (Okpala, 1978; Hugo, 1979), but the publi-
cation rate on the topic was slow (<10 papers/year) until 2006 when an
exponential growth started, culminating in 126 papers published in
2020 (Fig. 2). From a geographical point of view, we found studies from
72 % of the countries that make up the African continent (42 out of 58
countries and autonomous territories; Fig. 3). However, a single country
(South Africa) published 4 out of every 10 papers on the topic (N = 313),
with the highly-urbanized and biodiversity-rich countries of tropical
regions of the continent recording little (<40 papers; e.g., Democratic
Republic of the Congo and Kenya) or even no urban studies (e.g., Angola
and Liberia; Figs. 3 and 4) for the period of study (1920-2020).
Furthermore, papers found in our literature search showed that most
urban ecological research in Africa (89 %) was performed within
countries, either focused on a single city (N = 434; 55 %) or conducted
locally (N = 270; 34 %). We identified very few international research as
only 4 % of the studies were carried out regionally (i.e., including more
than one African country; N = 29) and only 8 % were coordinated at a
global scale (i.e., including data from other continents too; N = 62).

The result of the LM analysis for all countries shows that research
effort significantly increased with higher GDP, but not according to any
other predictors (Table 2; Fig. 5). Contrary to our expectation, countries
with higher human density and current or future urbanization prospects
(up to 2050) have not been more studied (Table 1). In contrast,
wealthier African countries have significantly investigated more on
urban ecology (Table 1; Fig. 5). The same significant pattern was found
for the sensitivity analysis (i.e., when South Africa was removed;
Table S3).

Regarding ecoregions, we found information from 75 out of the 119
ecologically relevant regions in Africa (Fig. 6a-b; Table S4). This implies
37 % of ecoregions without a single urban ecology study. The research
effort at this respect is not homogeneously distributed and varies
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Fig. 2. Urban ecology research effort (number of urban ecological studies)
across years.
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considerably depending on the biome (Table 2). Furthermore, 22 out of
the 44 African ecoregions without urban ecology studies are classified as
threatened (Table S4) (Burgess et al., 2004). The Poisson Logistic
Regression shows that research effort significantly increased in larger
and more threatened ecoregions (Table 3). Urban areas in critical, en-
dangered and vulnerable ecoregions have been more intensively studied
(Fig. 7).

Our review also showed important taxonomic biases in the study of
urban ecology in Africa. We found information on studies focusing on
seven kingdoms, with Animalia and Plantae being the most studied so
far (Fig. 8). This result also highlights our limited understanding of other
organisms, including Archaea, Bacteria, Chromista, Fungi and Protozoa,
which when combined accounted only for 5 % of the studies. The
number of studied classes was considerably higher in Animalia (27) than
Plantae (9), with Aves (N = 138; 34 %) and Mammalia (N = 95; 23 %)
accounting for the majority of studied animal groups (Fig. 9). Regarding
plants, the most commonly studied classes were Magnoliopsida (N =
253; 66 %) and Liliopsida (N = 94; 24 %).

From a more conceptual point of view, we found variation in
research effort among scientific fields (Fig. 10). The main focus of urban
ecology in Africa seems to be applied studies given that conservation and
human dimensions studies were the two most commonly investigated
fields, with 41 % of all papers falling into these two categories. The
scientific fields of wildlife management, wildlife disease and human-
wildlife conflict were the least studied, accounting for merely 6 % of
the total publications represented in this review. Our data showed that
pattern approaches (e.g., Population, Community or Landscape Ecology)
are more common than mechanistic studies (e.g., Animal Behavior) in
Africa (Fig. 10). The first animal behaviour studies were published in the
early 1990s, investigating insects (Paillette et al., 1993) and birds (Van
Zyl, 1994). But the focus on this discipline has considerably increased
since 2015, with 64 % of all Africa urban ecology studies on animal
behavior published after this year (Table S2). Despite this increasing
interest, there is still an important taxonomic bias, and only 44 % of the
27 animal classes were represented in animal behaviour studies,
including Mammalia (38), Aves (47), Reptilia (7), Amphibia (6), Insecta
(5), Gastropoda (2), Actinopterygii (2), Arachnida (1), Clitellata (1),
Entognatha (1), Malacostraca (1) and Sarcopterygii (1).

4. Discussion
4.1. Spatio-temporal patterns in knowledge

Our literature search shows almost 800 urban ecology papers for the
entire African continent. According to a recent review investigating the
top 20 countries publishing on urban ecology (Shackleton et al., 2021),
this number is lower than the number of publications from medium-
sized European countries, such as Germany (2,479) or Spain (1,864),
and much lower than the research effort identified for the United States
(12,728), China (6,655) or Australia (2,900). This suggests that urban
ecology research in Africa is still considerably low compared to other
regions of the World (e.g., Europe, North America, Asia or Australia),
matching previous findings that already indicated the African continent
was the least studied regarding urban ecology (e.g., Magle et al., 2012
stated that Africa accounted for 2.8 % of published papers on urban
wildlife ecology in 2010). It is interesting to note that despite the
exponential growth in research effort during the last 15 years,
mimicking the global trend on the topic (Lin & Grimm, 2015), Africa has
not increased its relative contribution to the field like other regions (e.g.,
Asia) that were also underrepresented a decade ago (Magle et al., 2012;
Wu et al., 2014; Shackleton et al., 2021). The overall number of urban
ecology papers in Africa does not seem to be associated with a delayed
start in the discipline. Our review shows that African urban ecology
started at the end of 1970s around the same time that this discipline
started in other regions of the World (McDonnel, 2011; Wu, Xiang, &
Zhao, 2014). We cannot be completely sure that there have not been
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Fig. 3. The distribution of urban ecological studies across African countries.

earlier publications in non-English languages, but probably the first
African paper explicitly mentioning the concept of urban ecology cor-
responded to Okpala’s study (1978). This pioneering investigation
focused on socio-economic aspects from Lagos (Nigeria), already high-
lighting the potential conflict of trying to apply European or American
urban ecology theory to the African case, an argument that is still valid
within the Global North and Global South framework (Shackleton et al.,
2021). The current underrepresentation of African urban ecology is

particularly worrying as most African urban settings are considered as
clear representatives of the Global South urban settings, integrating
particular biophysical and socio-economic contexts (Shackleton et al.,
2021). Thus, the lack of knowledge at this respect impedes us to com-
plement our understanding of urban ecology, which is based on the more
traditional Global North perspective.

There could be other different reasons explaining the low number of
publications from Africa. The lack of local capacity/experts in the field is
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Fig. 4. The distribution of urban ecological study sites superimposed on urbanization intensity.

one of them. This factor has been previously highlighted as a key dif-
ference between the Global North and Global South urban settings that
could influence the lower level of urban ecology research effort in the
latter (Shackleton et al., 2021). According to the UNESCO’s database for
the period 2015-2020 (UNESCO, 2020; accessed 30 Oct 2022), the
number of researchers per million of inhabitants in Northern (732.4)
and, particularly, Sub-Saharan Africa (97.4), is considerably lower than
in other regions of the planet, such as North America (4,544.8), Europe

(3,010.4) or Oceania (3,510.5). This low ratio of skilled people has been
demonstrated to influence research effort in Africa regarding other fields
such as ornithology (Cresswell, 2018). Therefore, we encourage funding
bodies to finance the education of local urban ecologists and researchers
to overcome this potential restriction. Another potential reason
explaining the low research effort is partially linked to the previous one:
the lack of investment in Research and Development (R&D) in Africa
compared to other continents. Despite the African Union aims at
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Fig. 5. Relationship between urban ecology research effort (number of urban ecological studies) across all countries and Gross Domestic Products (USD). Note that

the y-axis is on a logarithmic scale and that there are several overlapping points.

Table 1

Results of a GLM exploring the predictors of the number of urban ecological
studies published across all countries. The number of urban studies +1 was log-
transformed to achieve a normal distribution of residuals. The last model (F40 =
51.9, P < 0.001; AIC = 100.57) incorporated only the significant variable and
had an adjusted R? = 0.55.

Estimate SE t-value p-value
Intercept 1.41E + 00 1.38E-01 10.22 <0.001
Gross Domestic Product 9.88E-12 1.37E-12 7.203 <0.001
Rejected variables
Urbanization intensity 1.07E-01 1.20E-01 0.892 0.378
Human population density —9.24E-04 9.68E-04 —0.955 0.346
Urbanization prospect 5.19E-02 3.69E-02 1.4 0.167

Table 2
Urban ecology research effort (i.e., studied ecoregion/total ecoregion %) across
African biomes and ecoregions.

Biome Total Studied Research
ecoregion ecoregion effort (%)
Temperate Coniferous Forests 1 1 100
Mangroves 5 4 80
Tropical and Subtropical Moist 30 23 77
Broadleaf Forests
Mediterranean Forests, Woodlands, 7 5 71
and Scrub
Tropical and Subtropical 24 16 67
Grasslands, Savannas,
Shrublands, and Woodlands
Montane Grasslands and 16 10 63
Shrublands
Flooded Grasslands and Savannas 10 6 60
Deserts and Xeric Shrublands 23 9 39
Tropical and Subtropical Dry 3 1 33

Broadleaf Forests

reaching to the 1 % of GDP invested in R&D (United Nations. Economic
Commission for Africa 2018), current data indicate that it is 0.64 % and
0.34 % for northern and sub-Saharan Africa, respectively. This is quite
far from the values of North American, European or Eastern Asian

countries that reached a mean of 2.6 % in 2020. Matching the target
proposed by the African Union will certainly help to increase the focus
on multiple topics, including urban ecology. However, there are ways to
improve knowledge on urban ecology in Africa even without the need of
large economic investments. For example, the use of available data-
bases, such as the various atlas projects, which have been successfully
implemented in the continent (Botts et al., 2011; Lee & Nel, 2020).
Other repositories, such as the Global Biodiversity Information Facility,
laboratories, herbaria and museums in and outside of Africa are also
useful tools to advance our understanding of the ecology of African
urban areas and biodiversity as some recent studies have already shown
(e.g., Cohen et al., 2021; Fishpool & Collar, 2018). This approach could
also be implemented in collaboration with inhabitants of African urban
areas through citizen science projects (e.g., iNaturalist or the Southern
African Bird Atlas Project) that can serve to improve information on
certain urban questions (e.g., animal distribution) as well as promote the
connection between citizens and nature (Reynolds et al., 2021).
Engaging citizens could also be instrumental to help increase the urban
governance in the Global South, including Africa (Shackleton et al.,
2021), and ultimately promote additional support for urban ecology
studies in this continent.

Our review also shows that research effort is not homogeneously
distributed within the African continent. From a political point of view,
there is an important variation among African countries in their urban
ecology research effort. One single country (South Africa) stands out as
it is responsible for almost 40 % of published papers on the topic. This is
so despite only representing 4 % of African territory and 1.02 % of all
urban areas in the region (OECD/SWAC, 2020). This high rate of urban
ecology publications matches previous information indicating that
South Africa is very active in the field at the global level (Shackleton
et al., 2021). This does not seem to depend on its number of researchers
per million of inhabitants (411.6) or its R&D investment (0.62 % of
GDP), which is lower than the mean for Northern Africa (UNESCO,
2020), an area that not even combining all its countries reaches half the
number of papers published in South Africa. This country started pub-
lishing urban ecology papers at the earliest stages in Africa (Hugo,
1979), so it is possible that this long-term publication period is behind its
uniqueness. Another possibility could be that several South African
cities (e.g., Cape Town and Durban) are located in biodiversity hotspots
of global importance (Cilliers & Siebert, 2012). Alternatively, given that
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Fig. 6. Map of the African terrestrial ecoregions showing the distribution of urban ecological study sites (a) and urbanization intensity (b). The maps were simplified
to facilitate interpretation. Thus, we retain outlines of relatively large ecoregions >10,000 km? and those including study sites. However, the names of all ecoregions,
their corresponding numbers in the map and additional details (e.g., size) are included in Table S4.

Table 3

Results of a Poisson Logistic Regression exploring the relationship between the
number of published urban studies and the conservation status and size of
ecoregions. Conservation status is a factor with 5 levels (Critical, Endangered,
Relatively Intact, Relatively Stable, Vulnerable) and size is a continuous vari-
able. Critical has been set as the intercept in the model.

Estimate SE z-value p-value
Intercept 2.99E + 00 4.50E-02 66.467 <0.001
Endangered 2.44E-01 6.46E-02 3.782 <0.001
Relatively Intact —2.33E + 00 2.13E-01 -10.971 <0.001
Relatively Stable —1.13E + 00 9.02E-02 —12.524 <0.001
Vulnerable —2.62E-02 1.10E-01 —0.239 0.811
Size 5.45E-07 4.69E-08 11.609 <0.001

Global North urban principles do not always apply to Global South
urban areas (Okpala, 1978; Shackleton et al., 2021), there could be a
special interest by funders and/or researchers from this country to ac-
quire first-hand knowledge of direct application to South-African urban
settings. For instance, some universities from this country (e.g., Wit-
watersrand) have strategically focused on global change research,
including urban ecology (Scholes et al., 2013) or have developed spe-
cific institutes for the study of ‘urbanism from an African perspective’ (e.
g., The African Centre for Cities, from the University of Cape Town;
<https://www.africancentreforcities.net/about/acc-at-uct/>).  Inde-
pendently of the reasons for this important outlier, urban ecology
research effort varies considerably within African countries. We iden-
tified that 28 % of these countries did not publish a single urban ecology
study and thus, they completely depend on urban knowledge obtained
elsewhere that sometimes might not be really useful for their local
situations.

Our analyses show that the number of publications per country on
the topic is not associated with current or future urbanization. This
result contradicts our initial prediction; however, it could be well

understood from a Global South perspective. African countries, like
other countries from this group, have several particularities compared to
those from the Global North (Shackleton et al., 2021). One of them is the
extremely high urbanization rate. Africa is the continent of the World
with the most intense urbanization (Cohen, 2006; Seto et al., 2012), with
many African countries experiencing urbanization rates above 4 % (e.g.,
Mali, Nigeria, Angola or Mozambique), an order of magnitude higher
than those from other regions of the planet (World Bank, 2021). This
factor leads to unplanned urbanization (Zhang, 2016) and compromises
sustainable urban development in the continent by impeding the
implementation of ecologically-sound practices (Cohen, 2006) and
hence potentially explaining the mismatch between urbanization and
urban ecology research effort.

Furthermore, we found that the human population density of a
country was not significantly associated with the number of publications
on urban ecology either. The reasons for this lack of association could be
the same as explained before for the current and future urbanization
prospects as these are positively correlated with human population
density (e.g., Gao & O’Neill, 2021; Qizhi et al., 2016). However, this
predictor could also be associated with other potential factors that might
prevent investing resources and effort in investigating about urban
ecology. For example, there is an increase in people living in extreme
poverty in Africa, with more than half of the urban population living in
slums and informal settlements (World Cities Report, 2016). Highly
populated areas also require a higher infrastructure investment, which is
particularly needed in Africa (Zhang, 2016). Thus, socio-economic pri-
orities combined with an insufficient capacity of urban governance
(Zhang, 2016; Shackleton et al., 2021) could prevent finding the initially
expected effect of human population density. Considering all these re-
sults and factors, particularly the uncoupled distribution between urban
ecology knowledge and future urban prospects, we would recommend
local authorities, funding bodies and researchers to make an effort in the
study of the areas that soon will be transformed into urban landscapes.
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This is particularly important in the tropical African belt given that it
will concentrate the greatest urban expansion in the future (Seto et al.,
2012), but also holds the largest biodiversity of the continent (Cazzolla
Gatti et al., 2015).

Interestingly, our results indicate that the number of published urban
ecological studies depended on economic factors (i.e., GDP). This asso-
ciation has been found in other cross-sectional (e.g., (Doi & Takahara,
2016; Fisher et al., 2011) and longitudinal studies (Vinkler, 2008). This
economic indicator is in addition significantly associated with a higher
rate of influential publications within their subject area (Bornmann
et al.,, 2014). However, other investigations showed that R&D invest-
ment rather than per capita GDP is positively associated with research
productivity in different continents (Meo et al., 2013, 2014). It is
possible that GDP is a better predictor of R&D in Africa than in other

regions, thus potentially explaining the obtained finding. This influence
of economic factors on urban ecology research effort is crucial given the
link between cities and economic wealth (Zhang, 2016), which could
lead us to think that as urbanization progresses in Africa, the better their
economies will be and consequently more research on urban ecology
could be made. This scenario seems unlikely as this association between
economic and urban growth is decoupled in the African continent
(Cohen, 2004), which does not warranty this increasing research effort
in the future. Other factors not considered in our analyses could also
explain the country-wide variation in urban ecology research. For
example, political instability could play an important role for the lack of
studies on the topic in certain countries such as Western Sahara, South
Sudan or Libya.

The fact that the majority of published studies were conducted
locally within a single city or country (e.g., Koricho et al., 2020; Lindley
et al., 2018; Muleya & Campbell, 2020) suggests the need for investi-
gation of local/national cases for the application of specific solutions.
However, it also highlights the lack of transnational collaboration
among African countries. This low level of international research both
within Africa and with countries from other continents is particularly
important considering that: (1) it impedes the generalization of findings
at the continental and global scale, and (2) reduces the number of
substantive contributions to scientific progress (Bornmann et al., 2014).
Therefore, we recommend funders and researchers alike to strengthen or
promote the creation of new international networks or institutes on
African urban ecology as well as encourage urban ecologists of the
continent to participate in other global actions, networks (e.g., the
Urban Biodiversity Research Coordination Network) or societies (e.g.,
Society for Urban Ecology) that are already running.

The geographic variation in research effort could also be linked to
conservation aspects. Conservation research in Africa is particularly
relevant and prolific in the global context (Doi & Takahara, 2016). There
are still some controversies on whether conservation status is signifi-
cantly and positively associated with research effort at the species level
(e.g., Brooke et al., 2014; Ducatez & Lefebvre, 2014; Ibanez-Alamo et al.,
2017), but countries with a higher level of environmental protection
activity investigate more in ecology (Doi & Takahara, 2016). Our results
match this finding given that urban ecology research effort is signifi-
cantly associated with the conservation status of African ecoregions. The
ecologically relevant regions belonging to the most threatened cate-
gories (Critical, Endangered and Vulnerable) showed the highest num-
ber of publications on the topic. This is logical considering the
previously described restricted R&D investment in Africa that would
divert the current available resources towards areas of conservation
concern. Despite this, we found that about half (50 %) of African
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ecoregions without a single published study on the topic are classified as
threatened, and urbanization is considered a leading threat in the area
(Burgess et al., 2004), suggesting the need for additional studies to
determine the ecological effects of urbanization and propose suitable
conservation actions. On the other side, the significant effect of

10

ecoregion size fitted our initial expectations as larger ecoregions would
support higher biodiversity levels (Rantalainen et al., 2005) and
consequently a higher likelihood of being investigated. As larger and
more threatened ecoregions were significantly more studied in the
continent, there is a need to expend greater research effort on smaller
and relatively stable ecoregions (e.g., East African Montane Moorlands
and Lake Chad Flooded Savanna), which are more likely to suffer un-
noticed fragmentation from urbanization and other anthropogenic land-
use changes as also indicated by previous studies (e.g., Beyer, Venter,
Grantham, & Watson, 2020; Burgess, Hales, Ricketts, & Dinerstein,
2006; McDonald et al., 2008). Particularly surprising is the lack of
studies from the majority (77 %) of ecoregions from the Tropical and
Subtropical Dry Broadleaf Forests biome. These ecoregions mainly
correspond with large areas of Madagascar, a megadiverse country (<htt
ps://www.biodiversitya-z.org/content/megadiverse-countries>
accessed 30 October 2022) with the lowest percentage of urban land-
cover in the whole continent (0.04 %; OECD/SWAC, 2020). In contrast,
other forested biomes are quite well represented, which makes sense
considering that forests, especially those from Western Africa, support
higher biodiversity and endangered species, thus promoting a more
intense ecological research effort (Doi & Takahara, 2016).

4.2. Gaps in knowledge according to taxonomy and scientific fields

Our review also offers interesting information on the current meth-
odological and conceptual orientation of urban ecological research in
Africa. From a methodological point of view, we found an important
taxonomic bias in the study of urban ecology in Africa similar to those
previously reported (e.g., Callaghan et al., 2020; Shwartz et al., 2014).
This taxonomic bias has a strong effect in our urban ecology knowledge
given that the impact of urbanization varies considerably depending on
the type of organisms considered (McKinney 2008; Paul & Meyer, 2001).
Our literature search offered studies focused on organisms belonging to
seven kingdoms, although the majority of urban ecology research used
either animals or plants as model systems. This result highlights our
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limited understanding of other organisms in the African urban context,
including Archaea, Bacteria, Chromista, Fungi and Protozoa, which
should be prioritized for future studies. This is justified by current
literature highlighting their relevance in natural environments (e.g., Epp
Schmidt et al., 2019; Kartzinel et al., 2019; Thompson et al., 2017). The
uneven distribution of urban ecology research effort went down to lower
taxonomic levels (e.g., classes). Among animals, birds and mammals
were the two most studied groups. The publication bias towards these
two classes in urban ecology is not restricted to Africa alone (Donaldson
et al., 2017; Shwartz et al., 2014), and has also been identified in other
study fields such as conservation biology (Lawler et al., 2006) and in-
vasion ecology (Pysek et al., 2008). Several reasons have been proposed
to explain this bias for birds and mammals, such as body size (Brodie
2009) or conservation status of focal species (Donaldson et al., 2017).
Regarding plants, flowering plants (Magnoliopsida and Liliopsida)
dominate urban ecology research effort in Africa, replicating the pat-
terns found by other research effort studies on plants (Richardson &
Rejmanek, 2011; Stranga & Katsanevakis, 2021). In contrast with plants,
with the richly diverse Magnoliopsida (Tracheophyta) relatively well
studied (Cilliers & Bredenkampl, 1999; Moussa et al., 2020; van der
Walt et al., 2015), the most diverse animal group of Arthropoda is
clearly underrepresented in urban ecology and calling for additional
scientific attention (reviewed here; McIntyre, 2000).

Urban ecology research effort in Africa also varied in terms of sci-
entific disciplines. Conservation was the most studied scientific field.
This result is in agreement with previous findings already highlighting
the relevance of Africa in the study of environmental conservation and
ecology (Doi & Takahara, 2016), and matches also with our initial result
that indicates preference for ecoregions of conservation concern. Inter-
estingly, a handful of such African conservation studies diagnosed
different socio-environmental issues in urban areas and developed use-
ful frameworks or plans for promoting nature conservation and sus-
tainable urban development in the continent (e.g., Boon et al., 2016;
Cilliers et al., 2004; Goosen & Cilliers, 2020; Rebelo et al., 2011). While
these findings imply the availability of data that could be useful for
promoting conservation actions, they are mostly restricted to South
Africa. For an effective implementation of conservation actions, more
studies are needed from unrepresented areas as they may help to
discover local issues such as environmental injustice (Ernstson, 2013).
The human dimension field is well-represented within African urban
ecological research, which points to the relevance of multifaceted ap-
proaches in Africa, particularly regarding ecosystem services that com-
plements conservation or ecological studies (e.g., population ecology or
animal behavior). For instance, the majority of human dimension
studies in our review indicate that people in African urban areas
appreciate the socio-ecological services (Dipeolu et al., 2020; Rogerson
& Rogerson, 2020) and economic benefits provided by urban biodiver-
sity (Babalola et al., 2013; King & Shackleton, 2020). In a study by
Popoola and Ajewole (2002), most Nigerian respondents were even
willing to support the conservation of urban nature through personal
funds. The conservation of urban biodiversity is tightly linked to public
support (Miller & Hobbs, 2002), and thus, human dimension studies
could be useful educational tools to reconcile urban development and
nature preservation in the continent (McDuff, 2000). In addition, unlike
in other regions where the important roles of urban biodiversity in
enhancing ecosystem services and human well-being have been well-
documented (Brown & Grant, 2005; Dallimer et al., 2012; O’Sullivan
et al., 2017), this interplay is much more complex in the African case
(Wangai et al., 2016) usually not considering the ecosystem disservices
that could be of critical importance in areas of the Global South
(Davoren & Shackleton, 2021). In general, ecosystem services in Africa
have been poorly studied (du Toit et al., 2018), although there is a clear
effort in recent years to overcome this important gap (e.g., Dobbs et al.,
2021; Escobedo, 2021; Shackleton et al., 2021; Wangai et al., 2016),
including the evaluation of how different frameworks are applied to
African urban settings (Lindley et al., 2018).
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We identified that many urban ecology papers focused on Africa used
pattern approaches either at the species or community level. Several
reviews on urban ecology or specific aspects of urban ecology (e.g.,
urban ornithology) have also found similar results at the global level
(Magle et al., 2012; Marzluff, 2016; Wu et al., 2014). As we have stated
before, Africa is understudied in urban ecology, and we lack many basic
information on even the presence/absence of certain organisms in cities
of this continent. Some of the studies in these categories describe new
species (e.g., Malonza et al., 2016; Smales et al., 2017), provide infor-
mation on potentially problematic organisms (e.g., invasive species;
Bigirimana et al., 2011; Hima et al., 2019) or provide much needed
information on the distribution of organisms in African urban settings (e.
g., Moussa et al., 2020; Muchayi et al., 2017). But some of these articles
also used applied approaches by integrating human-nature interaction
aspects. For example, Chamberlain et al. (2019) found evidence sup-
porting the luxury effect in South Africa. This effect states that there is a
positive correlation between wealth and biodiversity, and thus relates to
environmental injustice issues (Reynolds et al., 2021). These pattern-
approach studies that also consider applied aspects and the particular-
ities of Global South urban areas are excellent examples on how we can
advance in our understanding of African urban ecology. Some re-
searchers have highlighted the lack of urban ecology mechanistic studies
in countries of the Global South compared to those from the Global
North (Marzluff, 2016). Mechanistic studies would, for example, include
animal behavior papers that could explain the observed patterns (e.g.,
feeding behavior explaining the presence of certain animals in cities).
Africa has produced quite a lot of animal behavior studies centered in
urban areas but most of them were observational (e.g., McPherson et al.,
2016; Widdows & Downs, 2016), with only a handful of experimental
manipulations (Cronk & Pillay, 2018; Patterson et al., 2016) that are
much more powerful to identify cause-effect associations. Future studies
should try to put more emphasis on experimental manipulations to fill in
this important gap in our urban ecology knowledge.

Landscape ecology is still not as well studied as in other regions
regarding urban areas (Magle et al., 2012; Wu et al., 2014), but it offers
unique opportunities for the development of this field in Africa. On the
one hand, landscape ecology studies in our database extensively utilized
the Geographic Information System (GIS) for estimating land cover and
habitat heterogeneity (e.g., Benza et al., 2016; Kowe et al., 2020). The
use of GIS techniques could enhance better coverage of study sites (e.g.,
conflicting/dangerous/remote areas), helping to complete the missing
geographic areas in urban ecology research detected in our review.
These techniques require highly qualified personnel but provide useful
information at minimal time and cost (Langat et al., 2019), thus, offering
a good opportunity for capacity building in the continent while
considering the economic restrictions in R&D of the region (see above).
On the other hand, landscape ecology is an integrative discipline
merging geospatial patterns, ecological and socio-economic processes
and ecosystem services/disservices, thus favoring the interdisciplinary
collaborations between sociologists, ecologists and geographers among
others (Wu et al., 2014), thereby facilitating the establishment of much
needed interdisciplinary collaborations in African urban ecology. For all
these reasons, we expect that the field of urban landscape ecology will
continue to increase as it has happened at the global scale (Magle et al.,
2012).

5. Conclusions

This review shows that research effort on urban ecology is still low in
Africa, with the exception of South Africa, particularly in the highly
urbanized and biodiversity-rich areas of the continent. This continent is
an important representative of the Global South, and thus the lack of
information on the topic is an important impediment to try to overcome
the traditional Global North perspective on urban ecology (Shackleton
et al., 2021). In addition, the information presented here could be
crucial to achieve the 11" Sustainable Development Goal in the rapidly
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urbanizing African continent (Cobbinah et al., 2015). Urban areas, if
well-planned, can still provide substantial benefits for biodiversity, act
as hotspots and habitat corridors for some threatened species (Ives et al.,
2016; Kumdet et al.,, 2021) and serve important socio-ecological
(Dipeolu et al., 2020; Rogerson & Rogerson, 2020) and economic ben-
efits (Babalola et al., 2013; King & Shackleton, 2020). To our knowl-
edge, this is the first general literature review of urban ecological studies
for the entire African continent that follows rigorous, verifiable and
repeatable methodological approaches recommended in recent times
(Ibafiez-Alamo et al., 2017; Magle et al., 2012; Moher et al., 2009;
Sanchez-Tojar et al., 2020). Previous methodologically-similar reviews
of African urban ecology, though interesting and useful, either focused
mainly on socio-ecological systems (e.g., Cilliers, 2019; Lindley et al.,
2018) or specific aspects of African urban biodiversity (e.g., Giineralp
et al., 2018; Roets et al., 2019; Trimble & van Aarde, 2014). The low
research effort in African urban ecology seems to point to socio-
economic factors such as the low level of skilled people and reduced
investment in R&D typical from this continent (e.g., Cresswell, 2018).
We believe that this situation could be partially reverted if African
countries follow the African Union recommendation of investing 1 % of
their GDP in R&D, although other socio-economic needs (e.g., infra-
structure, security, health issues) could make this change very difficult
(Zhang, 2016).

Economic factors (GDP) rather than other urban indicators (e.g.,
urbanization intensity, human population density) are also crucial to
explain urban ecology research effort within the continent. South Africa
congregates many of the papers on the topic, while there are 16 African
countries without urban ecology studies, providing clear targets for
future investigations. The South African case could be useful to identify
specific aspects that could be reproduced in other neighboring countries
to try to boost urban ecology research. Thus, studies comparing different
urban ecology aspects between South Africa and other African countries
would be particularly interesting at this respect. In addition, it is espe-
cially worrisome the uncoupled nature between future urbanization
prospects and urban ecology knowledge as local authorities will not
count with valuable information to take scientifically-based actions.
This lack of information has already been suggested as an important
impediment to achieve sustainable urban development in Africa (Cob-
binah et al., 2015; Patel et al., 2017).

In addition, greater research effort is expended on larger and
threatened ecoregions. Threatened sites and species are usually priori-
tized for conservation actions (Brooks et al., 2006), and could influence
research effort (e.g., de Lima et al., 2011). However, relatively stable
ecoregions could suffer unnoticed effects of urbanization, which could
be detrimental to certain biodiversity that may suffer regional extinction
before being identified. This pattern has been previously reported in
Africa (Ahrends et al., 2011), and could even be more severe in the
future given the mismatches in the allocation of research effort across
regions. This research bias towards threatened areas is partially linked
to the fact that conservation studies dominate the urban ecology liter-
ature produced in the African continent. Our literature search also
indicated that African urban ecology research is multidimensional with
an important contribution to human dimension studies including those
on ecosystem services and disservices. These studies have increased in
recent years providing much needed information for the urban settings
of this continent and ultimately helping to improve our understanding of
the complex urban environment in which many different components
interact (e.g., sociological, ecological, economical...).

6. Recommendations and future prospects

We argue that for African urban ecology to provide more useful in-
formation for decision-making and promote sustainable development,
future research should try to overcome the detected geographic, taxo-
nomic and ecological biases. To help in this endeavor, we provide a list
of the articles reviewed here as well as the journals of publication, where
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key stakeholders or researchers could obtain relevant data on the topic
(Table S2).

Based on our review, we propose the following recommendations to
promote urban ecology research in this continent: (1) strengthening
collaboration and networking among researchers across regions and
countries, as previously suggested in a more general context
(McPhearson et al., 2016). This will allow for larger scale studies that
will provide an additional and complementary perspective to city/local
studies that tackle more specific problems. (2) Helping the education of
local experts on urban ecological studies can be also instrumental to
overcome some of the previously described publication biases on the
topic (Shackleton et al., 2021). (3) Engaging with the citizenship
through citizen science projects. This will allow the acquisition of
additional scientific information at the same time as it promotes a better
urban governance through participation of urban inhabitants. (4) Use of
low-cost techniques like GIS or available databases (e.g., museums) to
maximize the scientific outcome considering the economic restrictions
of the region. We hope that this review will help to re-orientate our
research effort on the topic and fill in some important knowledge gaps
highlighted here to grant a balanced strategy between urban develop-
ment and nature conservation in this unique continent.
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