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Socio-ecology studies the relationships between human activities and natural systems and their

importance in management and public policy. Our objective was to analyse how published papers

in countries with a high Human Development Index (HDI) perform socio-ecological studies and

compare them between the Northern and Southern Hemispheres. To do this, we used the Scopus

platform as a source for searching and obtaining scientific papers about socio-ecological studies

conducted in countries from the Northern and Southern Hemispheres. We calculated the number

(n) of papers published per year and classified them using the main subject areas of the SCImago

Journal & Country Rank database. Then, we analysed whether papers included specific recom-

mendations for natural system management, nature conservation, policies or governance

structures, or science in general. Besides, we studied whether the papers addressed socio-

ecological studies related to flora and fauna and from what specific group of organisms or

systems. Data were compared using the chi-square (χ2) test (Pearson p <0.005). A total of 467

papers were analysed, where 34% were from the Southern Hemisphere (mainly Argentina,

Australia, Chile, and South Africa) and 66% from the Northern Hemisphere (mainly the USA,

Canada, and Spain). The Northern Hemisphere (mainly North America and Europe) played a

major role in the socio-ecological knowledge exchange than the Southern Hemisphere (South

America and Africa). The results showed socio-ecological studies focused mainly on generating

management recommendations in social and environmental science fields. The number of studies

coming from the Northern Hemisphere was significantly higher than those from the Southern

Hemisphere. Most of them were conducted at a local level (e.g., watersheds or human settle-

ments) in three different systems (i) terrestrial (e.g., forests or grasslands), (ii) freshwater (e.g.,

rivers or streams) and (iii) marine (e.g., coastlines or seas). Most of the studies (70%) were

conducted in production systems, where the majority included livestock (mainly bovine) and

aquatic fisheries (e.g., salmon, artisanal coastal fishing, or trout). Most vegetation papers (65%)

were on native forests. Papers on wildlife made up 30% of all animal-related studies, with

mammals, birds, and marine invertebrates (such as collars) being the most extensively resear-

ched species. This work highlighted the socio-ecological approach that was used in the analysed

countries with greater HDI to develop management options for natural systems.
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Introduction

Socio-ecological systems are more closely tied to geography
rather than only economic indicators. Their approach aims
to understand patterns of human relationships with natural

systems (Morzillo et al., 2015; McKay et al., 2020) and their
importance in management and public policy formation (Orach
and Schlüter, 2016; Sala and Torchio, 2019). Socio-ecology ana-
lyses the management of natural systems by social actors and
organizations, and the rules, social norms and conventions
underlying this management (Arnaiz-Schmitz et al., 2018; www.
ipbes.net). The socio-ecological approach is inherently complex
(Ekbia and Evans, 2009; Paveglio et al., 2013; Martínez-Fernández
et al., 2021) and incorporates various subject areas and spatial
scales (Bode et al., 2016; Barnes and Nel, 2017; De Vos et al.,
2019), such as natural resource management practices and public
policies (Ostrom, 2009; Domptail and Easdale, 2013; Morzillo
et al., 2015; Mee et al., 2016). This approach analyses the align-
ment of scientific knowledge with the implementation of policies,
whereby countries reveal national and international commit-
ments between human activities and natural system balance
(Norgaard et al., 2009; Shilomboleni and De Plaen, 2019; De Vos
et al., 2019; Williams et al., 2020).

Academic journals are proxies for the knowledge that societies
gradually generate from natural systems (Palla et al., 2015), and
there is a scholarly consensus about the relationship between
economic development and the scientific knowledge produced by
a country (King et al., 2007; Balland et al., 2020; Angrist et al.,
2021). This relationship responds to the so-called Matthew effect
that describes the concept of accumulated advantage, which is
reflected in many social aspects (Merton, 1968). According to this
effect, countries with high social and economic development that
are home to the most prestigious scientists and institutions are
expected to generate more academic knowledge (e.g., scientific
papers in socio-ecology) than underdeveloped ones. Moreover, in
the face of humankind issues such as climate change and carbon
emissions, developed countries can exemplify the trend in the
stewardship of human-nature balance (Russo et al., 2019; Pye
et al., 2020). However, it is not clear if the geographic location
(e.g., North vs. South Hemisphere) also influences the production
of scientific academic knowledge of the more developed countries,
which could have a differential effect on the real application of
useful results produced by socio-ecology studies to improve
management, human well-being, and nature conservation. Dif-
ferences between the Northern and Southern Hemispheres could
be related to the economic disparity between the two regions
(Goddard, 1969), as was observed by Lau (2006), Jha and
McCawley (2011), and De la Escosura (2015, 2021) in relation to
well-being, socioeconomic development, and policy.

However, the distinction between the northern and southern
countries usually refers to the social, economic, and political
divisions between nations with high gross national incomes per
capita and those with lower incomes (Kowalski, 2020). Therefore,
the classification of the North or South is usually based on eco-
nomic factors and the standard of living of its citizens rather than
its geographic location (Shariff, 1997); for example, the Global
North, which includes North America, Europe, and North Asia,
as well as Oceania nations like Australia and New Zealand.
However, the socio-ecology approach may not respond entirely to
economic concepts, such as the Global North or Global South,
but to integrating social and natural systems. Corals, for example,
are an important natural component for societies in Oceania (e.g.,
Australia, New Zealand) and North America (e.g., the United
States), but not in Europe (excluding overseas territories).
Another example is the agricultural production related to some
ecosystems that occur in both hemispheres. For instance, the
Mediterranean (e.g., vineyards), which is comparable to socio-

ecological systems in countries from South America (e.g.,
Argentina, Chile), Africa (South Africa), Oceania (e.g., Australia),
North America (e.g., the United States), and Europe (e.g., France,
Spain). Hence, a geographic North and South notion, as opposed
to the global North and South, fits better the socio-ecological
approach.

Therefore, our objective was to analyse how countries with
high Human Development Index (HDI) perform socio-ecological
studies and to evaluate differences between the Northern and
Southern Hemispheres. Our specific questions were: (i) Is there a
predominant main subject area that occurs in developed coun-
tries in both hemispheres? Or is there a difference between
hemispheres? (ii) What is the exchange of socio-ecological studies
between both hemispheres? (iii) What are the main recommen-
dations (e.g., management, conservation, public policies) derived
from socio-ecological studies? Are there different recommenda-
tions associated with different hemispheres or countries? (iv)
What are the predominant natural systems (e.g., marine, fresh-
water or terrestrial) and spatial scales (e.g., local, regional,
national) analysed in each hemisphere? (v) What kind of nature
(e.g., flora and fauna) are mostly included in the socio-ecological
studies of each hemisphere? With this in mind, we expected that
this analysis of scientific papers on socio-ecology generated in
high HDI countries could reveal if there were differences between
the Northern and Southern Hemispheres regarding some char-
acteristics (subject area, exchange, recommendations, natural
systems, spatial scales, kind of nature), highlighting the focus
until now and the main gaps that need to be filled.

Methodology
Searching strategy. We used the Scopus platform (www.scopus.
com) as a source for searching and collecting scientific studies.
We searched for the papers using four keywords. The first three
words focused on the concept of socio-ecology and its potential
combinations, and the fourth keyword was the name of the
country we were looking for. We wrote the keywords in the
singular (e.g., socio-ecological system) to obtain more results, and
we omitted the “social-ecology” term in the search to avoid
articles that misuse the concept, although this term appears in
many selected papers (for more details, see Colding and Barthel,
2019). In this sense, the structure of the query string for our
search was: ((TITLE-ABS-KEY (“Socio-ecology*“) OR TITLE-
ABS-KEY (“*Socio-ecological system*“) OR TITLE-ABS KEY
(“*Socioecological system*“)) and (TITLE- ABS-KEY (“Coun-
try*“)). We surveyed all papers to get the largest possible annual
list of studies, finishing the search on October 28, 2021.

Selection strategy. Once the search results were displayed, we
reviewed each paper by country and selected those linked to
socio-ecological studies in the Northern and Southern Hemi-
spheres. Selection criteria for countries were based on the Human
Development Index (HDI) and its components. The HDI is a
metric developed by the United Nations (UNDP, 2020a) (https://
www.un.org/en/) that provides dimensions of social and eco-
nomic development worldwide and we used it to identify coun-
tries with more expected scientific production. Many authors
prefer this index to represent people’s quality of life and the
economic standard of living in countries worldwide (e.g., Furlan
and Mariano, 2021; Birkmann et al., 2022), and it is useful to
understand some of these countries’ social and environmental
prospects. For example, patterns of social behaviours may become
habitual in high HDI countries, such as conserving certain aspects
of nature. HDI classifies countries according to three critical
dimensions (UNDP, 2020a): (i) long and healthy life (e.g., life
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expectancy at birth), (ii) knowledge (e.g., mean years of school-
ing), and (iii) a decent standard of living (e.g., gross national
income per capita-purchasing power parity). Globally, 66 coun-
tries have very high HDIs, with 36 of them being European
(n= 66). We selected countries with the highest HDI and cate-
gorized them by hemisphere and continent (Annex 1). We found
53 countries with high HDI in the five continents (Asia= 8,
Oceania= 2, Africa= 2, South America= 3, North America= 2,
Europe= 36). The average number of countries per continent
was 9 and in order to avoid European overrepresentation, we only
included a maximum of countries per continent which doubled
the average. Because of this, we selected half of these European
countries (n= 18), considering the order of the HDI ranking
from highest to lowest, with Norway being the highest HDI and
France at the limit. Countries near the Equator line were not
selected because we assumed they share characteristics with the
Northern and Southern Hemispheres (e.g., Singapore). For the
African continent, only one country (South Africa) is a developed
country according to HDI; therefore, we included Botswana, the
African country with the highest medium HDI, to achieve a better
representation of this continent.

The selection strategy concerning socio-ecological studies
followed these criteria (Fig. 1): (i) the studies must have a clear
relationship with the socio-ecological approach to humans and
nature, excluding papers related to the biological behaviour of the
species (e.g., social processes of primates, dolphins, mongoose),
(ii) the studies must have a clearly defined study area (e.g.,
country, region, water basin, city), excluding papers that present
just generalities of the socio-ecological system approach, and (iii)
studies must have at least one explicit recommendation (e.g.,
management, conservation, policy and knowledge), excluding
those entirely descriptive papers.

Data obtention. For all the papers reviewed (see Annex 2), we
evaluated their multiple characteristics defining if an article deals
or not with every category of each analysed characteristic. For the
main subject areas, we used those defined by the “SCImago
Journal & Country Rank database” (www.scimagojr.com): (i)
Agricultural and Biological Sciences, (ii) Arts and Humanities,
(iii) Decision Sciences, (iv) Earth and Planetary Sciences, (v)
Economics, Econometrics and Finance, (vi) Environmental Sci-
ences, (vii) Medicine, and (viii) Social Sciences. Likewise, we
analysed whether the papers had specific recommendations or
not for (i) Management of natural systems, (ii) Conservation of
nature, (iii) Policies or governance structures, and (iv) Scientific-
general knowledge (e.g., modelling approaches). We also eval-
uated as exclusive categories the three main spatial scales (e.g.,
local, regional, and national) and the three different predominant
natural systems (e.g., marine, freshwater, and terrestrial systems).

Data analysis. We calculated the quantity (n) of papers pub-
lished each year to evaluate the timeline of socio-ecology
papers. We also estimated the number of observations in YES
or NO classes for each category of subject areas and recom-
mendations, expressed in absolute frequencies and frequencies
relative to the total (in percentage). To assess statistical dif-
ferences among Countries and between hemispheres in the
number of papers produced for some subject area or recom-
mendation, we used chi-square (χ2) test (Pearson p < 0.005).
The significance value followed the suggestion of Benjamin
et al. (2018) for frequentist statistics. However, we consider
countries with greater than or equal to 3 papers to better
interpret the results. We used the R package Circlize version
0.4.13 (Gu et al., 2014) to create a chord diagram and show the
proportion of the spatial scale and the different predominant

natural systems. Finally, we calculated and graphed the num-
ber of papers (total n of all countries) that addressed socio-
ecological studies related to flora and fauna.

Results
In the analysed dataset, the earliest socio-ecological articles were
published in the 1990s (Fig. 2). The first paper with a socio-
ecological approach, “Environmental exploitation and social
structure in prehistoric southeast Spain”, was published in the
Journal of Mediterranean Archaeology in 1992 (see Annex 2). The
second, “Socioecology of the drug problem”, appeared in the
journal Gesundheitswesen in 1998. The third, “Coarse woody
debris in riparian zones: Opportunity for interdisciplinary inter-
action”, was published in the Journal of Forestry in 1998. How-
ever, since 2006 the socio-ecological approach became more
widely used, exceeding 20 papers per year after 2013 (~44 papers
per year).

We found 737 papers that somehow dealt with socio-ecology,
of which we selected 63% of the studies (n= 467 papers) con-
sidering the three criteria of relevance that we established in the
methodology section. Concerning geographical origin, we found
socio-ecological studies mainly coming from North American
and European countries. Geographically, institutions based in
Southern Hemisphere countries produced 34% of the selected
papers, with an average of 9.4 (±SD 7.1) papers per country (160
papers from 2002 to 2021), corresponding 58 to South America,
39 to Africa, and 63 to Oceania. The countries with the most
papers in the Southern Hemisphere were Australia (n= 47),
Chile (n= 35), South Africa (n= 32), and Argentina (n= 21).
The Northern Hemisphere produced 66% of socio-ecological
papers, with an average of 14.6 (±SD 15.2) papers per country
(307 papers from 1992 to 2021), corresponding 93 to North
America, 127 to Europe and 87 to Asia. The countries with the
most papers in the Northern Hemisphere were the United States
(n= 69), China (n= 53), Spain (n= 44), Canada (n= 24), and
France (n= 20). Figure 3 shows analysed countries, classified by
the number of socio-ecological studies, highlighting in black those
countries with more than 20 papers in the 1992–2021 period
(Argentina, Australia, Chile and South Africa in the Southern
Hemisphere, and the USA, Canada, Spain and China in the
Northern Hemisphere). The first author’s affiliation differences
from the country where the study was conducted occurred in 74
articles (Fig. 4, Annex 3). Overall, the Northern Hemisphere
exchanged more socio-ecological knowledge with the Southern
Hemisphere (Fig. 4), mainly from North America and Europe to
Africa and South America. Besides, Europe is the continent that
has the most studies (10 papers) on the trajectory within con-
tinents, followed by North America (2 papers) and South
America (2 papers). See Annex 3 for detailed country-by-country
trajectories.

Considering the countries with 3 or more papers, the subject
areas that presented the greatest number of papers were Social
Sciences and Environmental Sciences, followed in decreasing
order by Decision Sciences, Agricultural and Biological Sciences,
Economics, Econometrics and Finance, Arts and Humanities, and
Earth and Planetary Sciences. The Northern Hemisphere pre-
sented trends similar to the total, while in the Southern Hemi-
sphere, Social Sciences, Decision Sciences, Arts and Environment
were the ones with the highest number of papers (70 or more),
Agricultural and Biological Sciences, Economics, Econometrics
and Finance they had a medium amount (between 36 and 45
papers), and Medicine had the least amount (only 7) (Table 1).
The analysis using the χ2 test, and the subject areas (Table 1),
showed that there was a significant difference in the number of
papers among countries in almost all subject areas studied, except
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Fig. 1 A diagram depicting how the papers chosen for review were selected. The numbers indicate each stage for the inclusion and exclusion of articles.
1= selection of countries based on the Human Development Index (HDI); 2= searching in Scopus (https://www.scopus.com/) for the articles of the
selected countries based on the HDI (https://hdr.undp.org/); 3= download of articles, analysis and review of their content, and identification of the
research category based on Scimago (https://www.scimagojr.com/); 4 and 5= tabulation of general information and evaluation of its relevance.
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for Decision Sciences (χ2= 31.88; df= 22; p= 0.079) and Earth
and Planetary Sciences (χ2= 39.78; df= 31; p= 0.012). Between
hemispheres, the differences were significant for Arts and
Humanities (χ2= 23.34; df= 1; p < 0.001), Agricultural and Bio-
logical Sciences (χ2= 16.1; df= 1; p < 0.001), Environmental
Sciences (χ2= 18.51; df= 1; p < 0.001), Economics, Econometrics,
and Finance (χ2= 8; df= 1; p= 0.004), where the number of
articles studied in these areas was notably higher in the Northern
Hemisphere than in the Southern Hemisphere (Table 1).

The recommendations derived from the largest number of
papers were Management, followed in decreasing order by Poli-
cies, General Knowledge, and Conservation in both hemispheres.
The Northern Hemisphere presented higher trends and was
closer to the total than the Southern Hemisphere, where 136
papers resulted in Management recommendations and fewer than
100 papers resulted in Policies, General Knowledge, and Con-
servation recommendations (Table 2). In the analysis using the χ2

test, Table 2 shows that among the papers analysed, no significant
differences were detected in the recommendations among coun-
tries or between hemispheres.

Most of the studies were at the local level (47%), followed by
regional (33%) and national (20%) studies (Fig. 5). In turn, stu-
dies in terrestrial systems are the ones that have been carried out
the most (69%); more than four times the number of studies
carried out in terrestrial systems than in freshwater (16%) and
marine systems (15%).

Among the 467 selected papers, 38% were focused on the
relationship between humans and aspects of nature (Fig. 6),
whereas most of the studies specifically analysed the relationship
between humans and flora (n= 100 papers) or fauna (n= 79
papers). The highest proportion of the vegetation papers was
conducted on natural systems (mainly native forests) (65%), and
to a lesser extent, on forest plantations or crops (35%). Regarding
the fauna, 70% of the studies were conducted in terrestrial
(n= 22) and aquatic (n= 33) production systems, where live-
stock (mainly bovine) and aquatic fisheries (e.g., salmon, artisanal
coastal fishing, trout) were the most studied groups. Wildlife
represented 30% of the studies on animals, where marine inver-
tebrates (e.g., collars), mammals and birds were the most studied
groups.

Fig. 2 Number of studies about socio-ecology between 1992 and 2021 (n= 467 papers). For more details, see Annex 1.

Fig. 3 Countries with the highest number of socio-ecological scientific papers (n= 467 papers).
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Discussion
Socio-ecology by hemisphere in countries with highest HDI
and its recommendations. Papers that seek to address the man-
nature relationship from a socio-ecological perspective have
increased exponentially from 2006 to 2019. However, this trend
has decreased since 2019, which should be confirmed in the
future (perhaps due to the 2019 COVID pandemic). The socio-
ecological approach describes the relationship among various
social and environmental aspects of a specific location (e.g.,
sustainable development aims). In both hemispheres, socio-
ecology has evolved in high HDI countries, where it is employed
as a normative term and to foster the essential laws and regula-
tions that direct the formation of international agreements con-
cerning social and environmental issues on a global scale
(Garmestani et al., 2013; Sabato et al., 2021). However, although
socio-ecology faces the challenge of developing new public poli-
cies for nature conservation and social welfare (Shackleton et al.,
2011; Ruiz-Ballesteros and Gálvez-García, 2014), most of the
recommendations are focused on terrestrial management (see Fig.
4, Tables 1 and 2). These recommendations focus are interesting
because the oceans are becoming increasingly important. In fact,
in 2021, the United Nations declared the Decade of the Oceans
(https://en.unesco.org/ocean-decade). Despite the growing
importance of ocean protection and conservation globally, the
scientific community makes efforts to understand the manage-
ment of the terrestrial ecosystem, where socio-ecology plays a
preponderant role in environmental and social issues in countries
such as South Africa (e.g., Le Maitre et al., 2007; Gammage et al.,
2019), Argentina (e.g., Ianni and Geneletti, 2010; Laterra et al.,
2016), Chile (e.g., De Juan et al., 2015), Spain (e.g., Morán-
Ordóñez et al., 2013; Garau et al., 2020), France (e.g., De Chazal

et al., 2008; Tufféry et al., 2021), Norway (e.g., Bredin et al., 2015;
Johansen et al., 2019), Japan (e.g., Kabaya et al., 2019; Fukamachi,
2020), among others. Natural resources management includes
recommendations from a socio-ecological perspective in the
countries analysed. However, other recommendations pointed to
the generation of public policies (e.g., Arnaiz-Schmitz et al., 2018;
Simpson and Bagelman, 2018), the vulnerability or resilience of
terrestrial systems (e.g., De Chazal et al., 2008; Domptail and
Easdale, 2013; Barnes and Nel, 2017), adaptive management of
the natural resources (e.g., De Juan et al., 2015; Berninsone et al.,
2018), ethnographic approaches (e.g., Mellado et al., 2019),
among others.

Socio-ecology addresses a wide range of problems (Martínez-
Fernández et al., 2021). In Japan, after the 2011 Tsunami, socio-
ecological studies began to consider disaster areas and their
relationship with people and the environment (e.g., Takeuchi
et al., 2014). Socio-ecology has also approached topics of research
on medicine and public health (e.g., Edwards et al., 2004; Tong,
2004), and in recent years, it has helped formulate management
schemes and programmes for social and ecological situations
related to the COVID-19 pandemic (e.g., Powers et al., 2021;
Nhamo and Ndlela, 2021). Therefore, there is an opportunity to
continue diversifying experiences from different countries (Ossola
and Hopton, 2018; Pan et al., 2019). Another advantage provided
by the socio-ecological approach was the chance to provide a
scheme to improve governance relationships in both terrestrial
and marine-freshwater systems (Thomsen, 2008; Mee et al., 2016;
McKay et al., 2020), which also provides a basis for developing
actions that minimize impacts on nature and support the
sustainability visions of both the environment and society (De
Chazal et al., 2008; Marshall et al., 2013).

Fig. 4 Exchange of socio-ecological knowledge. The coloured circles show the studies (n papers) trajecting within continents. The coloured arrows show
the number of studies (n papers) trajecting between the continents, indicating the origin (i.e., first author´s affiliation) and destination (i.e., location of the
study’s development) of the socio-ecological knowledge in both hemispheres.
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Predominant natural systems and spatial scales at which socio-
ecology predominates. In reviewed papers, the authors cover
topics at different spatial scales of socio-ecological phenomena
that they consider essential in predominant natural systems such
as marine, freshwater, and terrestrial systems. However, studies
conducted in freshwater and marine systems were fewer than in
terrestrial ones, as suggested by Link and Marshak (2019). On the
other hand, the scales of analyses are because they are used to
improve the management, policies, or knowledge based on
national (e.g., countries), regional (e.g., provinces) or local (e.g.,
basins) entities that are beneficial for the environment and people
(Ekbia and Evans, 2009; Leys and Vanclay, 2011; Bode et al.,
2016). For example, community-based research on local socio-
ecological systems provides a framework for public participation
in natural resource management (Thomsen, 2008; Morán-
Ordóñez et al., 2013; Rasch et al., 2017) and food security (Pereira
and Ruysenaar, 2012). However, complex interactions within
socio-ecological systems are difficult to empirically put into
practice in environmental assessments (Shackleton et al., 2011;
Nair et al., 2016). Socio-ecological systems are seldom closed or
static (Brewer, 2012; Drewes and Silbernagel, 2012), so it is
interesting to know how sociological studies are located at a local
scale (e.g., watersheds). This scale of social relationships typically
generates better proposals for connecting local economies with
natural assets such as the use of water resources (Ruiz-Ballesteros

and Gálvez-García, 2014; Conrad and Yates, 2018; Mistry et al.,
2021). For instance, river basins increasingly serve as organizing
units to assess and manage human impacts on the environment
(Mayer et al., 2014). Socio-ecological studies at regional and
national, and even international scales, can be explained by the
need to understand environmental risks and climate change (e.g.,
Marshall et al., 2012; Ford et al., 2013; Williams et al., 2020) or
prioritizing protected wild areas (e.g., De Aranzabal et al., 2008;
Ianni and Geneletti, 2010; Mathevet et al., 2016).

Aspects of nature concerning socio-ecological studies. The
socio-ecological studies show different values for aspects of nature
concerning biodiversity in both hemispheres. These values reveal
aspects of nature where the importance of understanding social
attitudes toward species management strategies (e.g., both for
native and exotic species) and their social perceptions are
emphasised (e.g., Lewis et al., 2019; Jung, 2020; Huertas Herrera
et al., 2021). The sustainable conservation and management of
ecosystem services are based on understanding the socio-
ecological system dynamics (Drewes and Silbernagel, 2012; Bar-
ton et al., 2020), where forests play a leading role (e.g., Olander
et al., 2021). Forest landscapes are typical socio-ecological systems
shaped by forest management (Fortin et al., 2019; Tufféry et al.,
2021). Less than half of the papers analysed, especially

Table 2 Number of observations expressed in absolute frequencies and frequencies relative to the total in percentage (data in
parentheses) based on main recommendations derived from socio-ecological studies and their association with the Country and
Hemisphere (χ2= chi-square test, df= degree of free, p-value at <0.005).

Management of natural
systems

Conservation of nature Policies or governance
structures

Scientific-general
knowledge

No Yes No Yes No Yes No Yes

Northern Hemisphere 50 (11.1) 244 (54) 220 (48.7) 74 (16.4) 135 (29.9) 159 (35.2) 171 (37.8) 123 (27.2)
Norway 0 (0.0) 8 (1.8) 6 (1.3) 2 (0.4) 2 (0.4) 6 (1.3) 8 (1.8) 0 (0.0)
Ireland 2 (0.4) 1 (0.2) 3 (0.7) 0 (0.0) 2 (0.4) 1 (0.2) 1 (0.2) 2 (0.4)
Switzerland 1 (0.2) 2 (0.4) 2 (0.4) 1 (0.2) 0 (0.0) 3 (0.7) 2 (0.4) 1 (0.2)
Germany 4 (0.9) 7 (1.6) 8 (1.8) 3 (0.7) 5 (1.1) 6 (1.3) 6 (1.3) 5 (1.1)
Sweden 1 (0.2) 6 (1.3) 3 (0.7) 4 (0.9) 2 (0.4) 5 (1.1) 5 (1.1) 2 (0.4)
Netherlands 3 (0.7) 3 (0.7) 4 (0.9) 2 (0.4) 4 (0.9) 2 (0.4) 3 (0.7) 3 (0.7)
Finland 1 (0.2) 2 (0.4) 1 (0.2) 2 (0.4) 1 (0.2) 2 (0.4) 1 (0.2) 2 (0.4)
United Kingdom 0 (0.0) 12 (2.7) 10 (2.2) 2 (0.4) 5 (1.1) 7 (1.6) 7 (1.6) 5 (1.1)
Belgium 0 (0.0) 3 (0.7) 2 (0.4) 1 (0.2) 0 (0.0) 3 (0.7) 2 (0.4) 1 (0.2)
Canada 4 (0.9) 20 (4.4) 18 (4.0) 6 (1.3) 14 (3.1) 10 (2.2) 14 (3.1) 10 (2.2)
United States 8 (1.8) 61 (13.5) 56 (12.4) 13 (2.9) 32 (7.1) 37 (8.2) 35 (7.7) 34 (7.5)
Austria 0 (0.0) 3 (0.7) 2 (0.4) 1 (0.2) 2 (0.4) 1 (0.2) 1 (0.2) 2 (0.4)
Japan 5 (1.1) 9 (2.0) 11 (2.4) 3 (0.7) 8 (1.8) 6 (1.3) 9 (2.0) 5 (1.1)
Spain 3 (0.7) 41 (9.1) 35 (7.7) 9 (2.0) 22 (4.9) 22 (4.9) 29 (6.4) 15 (3.3)
France 4 (0.9) 16 (3.5) 11 (2.4) 9 (2.0) 9 (2.0) 11 (2.4) 11 (2.4) 9 (2.0)
Russia 2 (0.4) 9 (2.0) 11 (2.4) 0 (0.0) 7 (1.6) 4 (0.9) 6 (1.3) 5 (1.1)
China 12 (2.7) 41 (9.1) 37 (8.2) 16 (3.5) 20 (4.4) 33 (7.3) 31 (6.9) 22 (4.9)
Southern Hemisphere 22 (4.9) 136 (30.1) 122 (27) 36 (8) 59 (13.1) 99 (21.9) 103 (22.8) 55 (12.2)
Australia 9 (2.0) 38 (8.4) 40 (8.9) 7 (1.6) 16 (3.5) 31 (6.9) 23 (5.1) 24 (5.3)
New Zealand 1 (0.2) 15 (3.3) 13 (2.9) 3 (0.7) 7 (1.6) 9 (2.0) 14 (3.1) 2 (0.4)
Chile 5 (1.1) 30 (6.6) 27 (6.0) 8 (1.8) 18 (4.0) 17 (3.8) 29 (6.4) 6 (1.3)
Argentina 1 (0.2) 20 (4.4) 13 (2.9) 8 (1.8) 5 (1.1) 16 (3.5) 13 (2.9) 8 (1.8)
Botswana 2 (0.4) 5 (1.1) 7 (1.6) 0 (0.0) 0 (0.0) 7 (1.6) 5 (1.1) 2 (0.4)
South Africa 4 (0.9) 28 (6.2) 22 (4.9) 10 (2.2) 13 (2.9) 19 (4.2) 19 (4.2) 13 (2.9)
Total 72(15.9) 380(84.1) 342(75.7) 110(24.3) 194(42.9) 258(57.1) 274(60.6) 178(39.4)
Hemisphere χ2 0.73 χ2 0.32 χ2 3.09 χ2 2.13

df 1 df 1 df 1 df 1
p 0.393 p 0.573 p 0.079 p 0.145

Country χ2 35.19 χ2 27.62 χ2 27.34 χ2 28.09
df 22 df 22 df 22 df 22
p 0.037 p 0.188 p 0.198 p 0.173
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considering biodiversity (flora and fauna), denote a dissociation
of most studies with nature. In cases where the papers were
related to biodiversity, several socio-ecological studies are related
to conspicuous species of mammals (e.g., Davis et al., 2020; Jung,
2020) or birds (e.g., Celis-Diez et al., 2017), and to a lesser extent,
reptiles, or amphibians (e.g., Jellinek et al., 2014).

However, studies have been done in these groups, revealing
efforts to, for example, understand problems related to wildlife,
for example, indicator species (Domroese and Johnson, 2017).
Part of this can be explained because many socio-ecological
conflicts occur between carnivores and producers (e.g., Gáspero
et al., 2018; Expósito-Granados et al., 2019; Bonamy et al., 2020).
On the other hand, birds are an emblematic animal group for
managing and conserving natural areas, with numerous initiatives
related to tourism (De Aranzabal et al., 2008; Solstrand, 2013;
Outeiro et al., 2018). It is worth mentioning how insects have
been part of socio-ecological studies regarding domestic fauna.
These studies can be explained by the social and environmental
potential of honey production from bees (e.g., Giacobino et al.,
2018). On the other hand, the number of socio-ecological studies
related to livestock reveals the interest of the scientific community
in solving problems related to environmental conflicts derived
from the management of farms (e.g., Pereira and Ruysenaar,
2012; Lamarque et al., 2013; Shapero et al., 2018; Barton et al.,
2020). Like livestock, agricultural practices are communally
related to social problems, seeking to solve food security problems
(Lamarque et al., 2013; Spiegelaar et al., 2013; Rasch et al., 2016;
Shilomboleni and De Plaen, 2019). Land-use changes are
frequently triggered by incentives (e.g., reforestation or crops),
causing tensions in rural communities (e.g., Leys and Vanclay,
2011; Pereira, 2013; Jellinek et al., 2014; Rasch et al., 2017).

Fisheries were one of the most interesting socio-ecological
aspects in countries from both hemispheres. The high number of
papers studying fisheries can be explained by the high demand for
coastal natural resources, for example, artisanal fishing (Sowman,
2011; Mee et al., 2016; Berninsone et al., 2018), which requires
resource managers to implement policies that are increasingly
restrictive for resource users (Holt et al., 2012; Marshall and

Marshall, 2007). In the Southern Hemisphere, in countries such
as Australia, socio-ecological studies focus on the conservation of
coral reefs, and this can explain the importance of such sensitive
and attractive ecosystems for people (e.g., Marshall et al., 2013;
Bode et al., 2016; Goldberg et al., 2018). Therefore, many studies
were less concerned with nature conservation, but with so many
social problems to be solved, even in the most developed
countries, it seems not a priority when natural system manage-
ment and the generation of public policies are needed.

The social and environmental history can explain these
ecological differences between several northern hemisphere
countries and those in the southern hemisphere, which may be,
for example, a reflection of European’s political hegemony during
the 19th century’s globalization and the subsequent division of
the world between the West and the East (Berger, 2004). Power
disparities between developed and developing countries are
highlighted by concepts like “global south” and “global north”
(Demeny, 1981; Armillas-Tiseyra and Mahler, 2022). These ideas
apply to socioeconomic positions rather than specific geographi-
cal areas. For instance, although being in the Southern Hemi-
sphere, Australia and New Zealand are regarded as a nation of the
“global north” because of their advanced economy (Shariff, 1997).

There are widely used indices that rank countries based on
purely economic indicators. For example, indices that rank
countries from the least free to the freest (e.g., Index of Economic
Freedom) through scores based on the economic freedom of each
country (Gwartney et al., 2021; Miller et al., 2022). However,
these indices do not include freedom in a socially broad sense, as
they focus more on four broad policy areas that affect economic
freedom (high-income economies): the rule of law, government
size, regulatory efficiency, and open markets (Miller et al., 2022).
In this context, the HDI considers a social and environmental
development concept closer to a socio-ecological notion. The
HDI can be used to challenge national policy decisions, such as
how two countries with the same gross national income per capita
can have such disparities in human development outcomes
(UNDP, 2020b). This could serve to understand some of these
countries’ social and environmental prospects.

Fig. 5 Chord diagrams illustrating the spatial scale proportion and the different prominent natural systems. Spatial scales (A) and predominant natural
systems (B) of the socio-ecological papers (n= 467 papers) from 1992 to 2021 (see Annex 1 for countries code).
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Despite all countries showing a comparable HDI, there is a
hemispheric difference in socio-ecological studies. This might be
because scientific research is disturbingly unequal (Czerniewicz,
2015), being research in the Northern Hemisphere more
prominent than in the Southern Hemisphere. This is related to
the higher capacity of Northern countries to conduct research
(Blicharska et al., 2017). A possible explanation may be that
scientific capabilities are different due to the budgets allocated to
doing research (Richards, 2022). Actually, in addition to working
harder, scientists in emerging economies who want to catch up
with the developed world must look for a variety of financial
alternatives due to publication expenses (Vuong, 2018; Richards,
2022). In this context, Nguyen and Vuong (2021) showed
international cooperation is a successful strategy for raising
scientific quality and quantity on global agendas (e.g., Aichi
Biodiversity Targets), due to the greater possibilities of obtaining
financing. Also, perhaps, due to the availability of connections to
institutions or researchers who developed the theories and
methods that underpin these investigations (Karlsson et al.,
2007). Thus, even if they all have high HDIs, northern
hemisphere nations have greater funding for scientific research.
For instance, Blicharska et al. (2017) found that most authors of
articles discussing climate change are from high-income econo-
mies (such as those in the OECD), with only a tiny fraction
originating from Southern countries. Continued human

population growth and increasing consumption have resulted in
unsustainable exploitation of biological diversity, aggravated by
climate change and other anthropogenic environmental impacts
(Rands et al., 2010). The situation that the whole world is going
through around climate change makes many nations think in
socio-ecological terms (Williams et al., 2020; Birkmann et al.,
2022). One of the notable aspects is that we live at a turning point
that invites us to think about social, institutional, and environ-
mental relations to take on the challenges related to climate
change (Ivanova, 2020). To do this, efforts in science must
enhance international collaboration between the northern and
southern hemispheres because climate change must be addressed
at different scales, national and international (Ford et al., 2013;
Lamarque et al., 2013; Blicharska et al., 2017).

The power of adopting scientific knowledge is asymmetrical
because it is not the same in social and economic terms if it comes
from certain developed nations as opposed to developing ones
(Merton, 1968). It could be expected that the socio-ecological
studies derived from high HDI countries tend to participate more
strongly in constructing the international order. Lower HDI
countries need to meet more basic needs than high HDI
countries, which places them in a framework of vulnerability to
generate their knowledge. This can explain, among other things,
why one hemisphere focuses more on terrestrial systems rather
than aquatic or coastal and how they address the conservation

Fig. 6 Graphs illustrating the quantity of socio-ecological studies on flora and fauna. Number of socio-ecological papers examining the flora (n= 100)
(A) and fauna (n= 79) (B) issues in this review.
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challenges of production systems, which are the focus of
international agendas and commitments to reduce carbon
emissions into the atmosphere.

Limitations. Transparency allows the public to understand how
science works when there are grey areas of disagreement (Vuong,
2020). The main limitations of this study can be: (i) we used the
first author´s affiliation contrasted with the hemisphere location
of the country where studies were developed to explore the
knowledge exchange between both hemispheres. For example, we
considered a paper carried out in South Africa in which the first
author’s affiliation was an institution based in the United States as
a knowledge exchange from the Northern to the Southern
Hemisphere. (ii) the fact that our review article is a quantitative
survey of the literature on socio-ecological studies is one of the
paper’s weaknesses in terms of data and methodology. (iii) SCI-
mago and Scopus may not be unbiased data sources, and some
have questioned whether the list of papers indexed by these
systems accurately reflects worldwide scientific production
(Tennant, 2020). Indeed, this data source has recognized stronger
limitations in social sciences, for which other datasets are usually
recommended (e.g., Web of Science, Latindex). We could suggest
that the scope of SCImago limits our data collection technique
and we declare this a limitation of this study. However, this
dataset was considered wide enough to extract consistent trends,
it is constantly updated, and is available in many institutions. Of
course, no methodology is perfect; they all have advantages and
disadvantages, but we do not believe this “possible weakness” has
a significant impact on the findings, and we believe this provides a
good picture of the socio-ecological-based articles across the two
hemispheres, as well as how the scale, scope, and approach differ
among the high HDI valued countries. For example, this study
can be relevant for: (i) Socio-ecological policies towards biodi-
versity can be risen for sustainable ecosystem management pur-
poses promoting collaborative research and reducing the friction
in international collaboration. (ii) Through the Scopus and HDI
data, it is possible to show some likely connections that academic
journals have in the Southern and Northern Hemispheres to
identify socio-ecological patterns that may be of interest in
human relationships with natural systems.

Concluding remarks
The information presented here refers to countries with a high
HDI, which reveals how socio-ecological studies are used to solve
issues of marine, freshwater, and terrestrial systems. We depicted
that the leading countries in these studies differ in the Northern
and Southern hemispheres. In particular, the main exchange of
socio-ecological knowledge occurs from North America and
Europe to the Southern Hemisphere. The transfer seems to result
from the proportion of socio-ecological publications in each
hemisphere (mainly the Northern Hemisphere). Overall, the
studies in terrestrial systems are the ones that have been carried
out the most compared to freshwater and marine systems. Our
analysis shows that studies focused on socio-ecology have
increased in recent years (since 2006), where most socio-
ecological studies generated management recommendations, fol-
lowed by policy recommendations in both hemispheres. How-
ever, these subject areas and recommendations come mainly from
studies in the northern hemisphere with the largest number of
papers. The relative importance of these subject areas was broadly
used across multiple spatial scales. Such scales in socio-ecological
studies provide opportunities to engage people with flora and
fauna, where native forests generated better social spaces to
improve the sustainable management of the natural systems than
forest plantations or crops. The reviewed studies highlight socio-

ecological critical research on productive systems such as live-
stock and marine fisheries. Based on the results, the socio-ecology
approach was used in the analysed countries with greater social
and economic development indicators to develop management
options for the natural systems.

Data availability
All available data and materials are included in the manuscript.
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