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SUMMARY

Amazonia is believed to harbour the world’s most extensive tropical peatlands, storing significant amounts of
carbon and having high value for biodiversity conservation, climate regulation and human welfare. However,
a comprehensive assessment is hampered by fragmentary knowledge of the locations of peat-covered areas
and this, in turn, prevents their protection and restoration in the face of ongoing anthropogenic destruction.
The study reported here reviewed research activities on peatlands in Amazonia, which started with ecological
studies in the 1950s. We found a broad and significant thematic increase since 2009, with growing focus first
on carbon accumulation and greenhouse gas fluxes then, after 2017, on degradation and conservation, along
with a spatial imbalance in favour of the Peruvian lowlands. Hitherto, very little scientific attention has been
directed towards the peatlands of western Brazil, the Bolivian lowlands and the Guianas. Most research in
Amazonia has been conducted by international institutions with, in recent times, increasing contributions from
local institutes and research groups. Nevertheless, research on Amazonian peatlands is still in its early stages,
and several scientific questions remain unanswered. Advancing the knowledge base with respect to various
scientific disciplines (e.g., ecology, biology, geography, social sciences and economics) is, therefore, essential
for understanding how and where peatlands developed, how they are used, which ecosystem services they
provide, how climate change will affect them and, finally, what would be the most appropriate conservation,

restoration and sustainable use strategies for safeguarding the wellbeing of both peatlands and people.
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INTRODUCTION

Peatlands are ecosystems that accumulate and store
dead organic matter (peat) under waterlogged
conditions (cf. UNEP 2022). Peatlands are widespread
and cover 3.8% of the global land area (UNEP
2022). Most of the world's known peatlands are
situated in the northern (sub)arctic, boreal and
temperate zones (Page et al. 2006), where their
location and extent are well established, probably
because of the early importance of peat as an energy
source (Huber & Zinck 2011). Extensive peatland
assessments have been carried out in Europe, North
America and Asian Russia. In contrast, peatland
assessments have remained fragmentary in the
Southern Hemisphere with a bias towards specific land
use potentials, e.g., resource extraction or agriculture.

Compared to the Northern Hemisphere and
Southeast Asia, peatland research in South America
is severely underdeveloped and notable research
efforts have only begun to take shape in the last
decade (UNEP 2022). Amazonian peatlands have so
far been described mostly from the extensive
lowlands, but many higher-altitude peatlands occur
in the Andes and the Guiana Shield (UNEP 2022).
Lahteenoja et al. (2009) reported the most extensive

Amazonian peatland known hitherto, in the Pastaza-
Marafion foreland basin in Northwest Peru. For other
parts of Amazonia the spatial distribution,
functioning, carbon storage capacity and other
ecosystem services of peatlands remain obscure
(Santofimio-Tamayo & Benavides 2019), even
though this knowledge is critical to understanding the
role of Amazonian peatlands in the global climate
system (UNEP 2022). It is essential to identify and
fill knowledge gaps to facilitate the conservation,
restoration and sustainable use of Amazonian
peatlands.

This study characterises peatland research in
Amazonia over time, while tracing the locations and
geographical distribution of research activities and
study sites, the thematic research foci, and the
countries involved.

METHODS

Study area

Amazonia is the world’s largest rainforest and river
system, containing 10 % of the world’s species
(Charity et al. 2016). Located in tropical South
America, Amazonia extends over nine countries,
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with most (59 %) of the area belonging to Brazil
(BRA) and the remainder to Bolivia (BOL),
Colombia (COL), Ecuador (ECU), French Guiana
(GUF), Guyana (GUY), Peru (PER), Suriname
(SUR) and Venezuela (VEN) (Charity et al. 2016).
The boundaries of Amazonia vary depending on the
definition used and the purpose of delineation, i.e.,
the hydrological basin or the biome. In order to have
clear standardised boundaries for our analyses we
used the limits proposed by Eva & Huber (2005),
who combine hydrographical, biogeographical and
ecological criteria.

To accommodate the high diversity of Amazonian
ecosystems that may host peatland, we divided
Amazonia into four ‘peatscapes’ along an altitudinal
gradient (Figure 1). The coastal peatscape includes
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all coastal and brackish regions up to 50 m a.s.l. It
covers the estuarine areas of the Amazon Delta in
Brazil, coastal areas in Guyana, French Guiana and
Suriname, and the south-eastern flank of the Orinoco
Delta in Venezuela. Coastal peatland types include
mangrove swamps, fresh and brackish grass swamps
and swamp forests (UNEP 2022). The lowland
peatscape has an altitudinal range of 50-500 m a.s.l.
and harbours Mauritia flexuosa palm swamps,
Platycarpum loretense pole forests, herbaceous
swamps and flooded forest (Draper et al. 2014,
Householder & Wittmann 2016, Hastie et al. 2022).
The upland peatscape encompasses altitudes between
500 and 1500 m a.s.l. in three main regions, namely
the lower part of the Andean Cordillera, the Guiana
Shield and the Brazilian Shield, where peatlands
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Figure 1. Peatscapes of Amazonia by country following an altitudinal gradient. Countries are labelled with
their 1ISO codes (see Appendix 1). Limits of Amazonia follow Eva & Huber (2005).
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may be present as Chusgquea-dominated ecosystems
in sub-Andean areas and as M. flexuosa swamps in
the Guiana and Brazilian Shields (UNEP 2022). The
highland peatscape contains all areas above 1500 m
a.s.l. and is limited to the Andean Cordillera and the
Table Mountains of the Guiana Shield in Venezuela
(Mesetas). In the Andes, peatlands are characterised
by a wide variety of vegetation including cushion
plants, Sphagnum mosses, paramo and Chusquea
(mountain bamboo) (UNEP 2022). The tops of the
sandstone-quartzite Mesetas host tepuian meadows
with Acopanea sp., shrublands dominated by
Stegolepis and Bonnetia, and grasslands (Huber
1988, Zinck & Huber 2014).

Data collection and classification

We collected data from scientific publications,
reports, governmental sources, and national and
international organisations, up to 31 December 2022.
We gathered this information using a range of
sources and databases including Web of Science,
JSTOR, Scielo, the digital archive of the Global
Peatland Database and the “PENCIL” peatland
library (https://greifswaldmoor.de/databases.html).
We conducted searches in English, Spanish,
Portuguese, French and Dutch. We selected sources
that refer to the occurrence of ‘peat’, ‘peatland’ or
‘Histosol’ (in any of the above-mentioned languages)
within Amazonia as delineated by Eva & Huber
(2005; Figure 1). We excluded all peatland maps with
global or tropical scope in order to focus on primary
sources. The total number of studies retrieved and
analysed was 188 (see Appendix 3). The studies were
sorted by country, peatscape (cf. Figure 1), year of
publication, type of publication, and eight research
categories including ecology, soil science,
palaeoecology, peatland coverage (including maps
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and estimates of extent), carbon stocks, greenhouse
gas (GHG) fluxes, degradation and conservation.
Studies addressing additional topics were grouped as
‘other’. We also noted the country affiliation of the
first and last author of each peer reviewed article. If
the author was associated with more than one
institution, we considered the first-placed affiliation
only.

RESULTS

Geographical and temporal distribution

Distribution across peatscapes and countries
Overall, we found striking differences in number of
studies amongst peatscapes and countries. Nearly
twice as many studies were conducted in the lowland
peatscape than in the others (Figure 2). More than
30 % of the studies originated from Peru, and 80 %
of those from the lowlands of that country; the latter
figure representing 24 % of all peatland studies from
Amazonia. The country with the second highest
number of studies was Venezuela (19 % of all
studies), followed by Ecuador with 13 % (Figure 2).
Among all peatscapes, only coastal and highlands
were represented by at least one study in all relevant
countries (Figures 1 and 2). Most (16) of the coastal
studies were conducted in Suriname, followed by
French Guiana (9), Guyana (5), Brazil (2) and
Venezuela (1). More than half (56) of the studies
assigned to the lowland peatscape took place in Peru,
followed by Colombia and Brazil (16 each) and the
rest of the coastal countries with one study each
(Figure 2). Despite the broad distribution of the
upland peatscape across Amazonia, studies referring
to peatlands in this zone were found for just three
countries (Figures1and 2, Table 1); Venezuela was
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Figure 2. Geographical distribution of peatland studies across the peatscapes of Amazonia (cf. Figure 1).
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the largest contributor with 18 studies. In contrast, all
countries that overlap with the highland peatscape
have produced peatland studies, of which most (35 %)
stem from Ecuador (23), followed by Venezuela (15),
Peru (14), Bolivia (9), Colombia and Brazil (1 each).

Distribution through time

Peatland research in Amazonia started in the coastal
peatscape during the early 1950s, and coastal studies
dominated the field for approximately 30 years. We
found an obvious hiatus with almost no studies
between 1995 and 2008. Research in the lowland
peatscape began sporadically in the 1960s, building
to regular investigations by the late 1980s and rising
to a maximum frequency and number (10) of studies
in 2022 (Figure 3a).

Regular research in the upland peatscape started
later than in the other peatscapes, with most studies
conducted and published between 2009 and 2016;
while research in the highland peatscape started ten
years earlier, increased after 2002 and peaked
between 2008 and 2011. Peatland research increased
across all peatscapes of Amazonia after 2009. After
2017, there was a slight drop in all peatscapes.

The first decade of peatland research in Amazonia
was monopolised by Suriname, which was the
country with most studies until the mid-1980s
(Figure 3b). Peatland studies in Guyana and French
Guiana followed in the 1960s. In Guyana they
stopped in the early 1970s until 2021; but in French
Guiana, a few later studies were conducted over these
years. By the end of the 1980s, peatland studies were
being conducted in most Amazonian countries, yet it
took five more years to finally see research from
Colombia and Peru. After this, a steady increase can
be observed in most Amazonian countries until the
mid-2010s. After 2017, peatland research showed a
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dramatic decline for most countries, but notably not
for Peru.

Geo-political affiliations

International affiliations

First and last authors were found to be affiliated with
23 countries in total and 15 countries outside
Amazonia. The distribution was similar if only first
authors were considered (Figure 4, Appendix 2).

Most institutions with research in Amazonia were
European (53 %). Most (26 %) of first authors were
affiliated with institutions in the United States
(USA), 2 % of first and last authors with Indonesia
(IND), and 1% of first and last authors with
Cameroon (CMR) and Trinidad and Tobago (TTO)
(Figure 4).

Within Europe, the United Kingdom (GBR)
showed most affiliations (13 %), with 84 % of the
research effort directed at Peru, producing 29 % of all
peer-reviewed papers on Peru. GBR also undertook
studies in Colombia, Ecuador, and French Guiana.
The total number of authors affiliated with British
institutions increased to 15 % when considering last
author affiliation, in that case with the study locations
also including Bolivia and Venezuela.

Spain (ESP) contributed 10 % of all research
effort in Amazonia based on first author contribution,
making it the second-largest European contributor,
but this number decreased to 5 % for last author. All
Spanish studies focused exclusively on Venezuela.

Germany (DEU) was ranked third with 8 % of
first author affiliations. 58 % of German research
effort focused on Ecuador, followed by Brazil (25 %)
and Peru (17 %). Considering last author affiliation,
the score increased to 10 %, without change in
research area focus.

Table 1. Peatscapes of Amazonia by country. e indicates that the peatscape is present in the country.

Countries Peatscapes
Coastal Lowland Upland Highland

Guyana GUY ° ° °

French Guiana GUF ° ° °

Suriname SUR ° ° °

Brazil BRA ° ° ° °
Venezuela VEN ) ° ° °
Colombia COoL o ° °
Peru PER ° ° °
Ecuador ECU o ° °
Bolivia BOL ° ° °
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Figure 3. Temporal distributions of the reviewed studies: (a) across Amazonian peatscapes; (b) across the countries of Amazonia; and (c) according to the research
type. Only years with at least one study are shown.
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Figure 4. The proportion of research activities on Amazonian peatlands carried out by foreign institutions and
the country where the research was conducted. The sizes of the circles refer to the total number of scientific
articles on Amazonian peatlands according to country of the author’s institutional affiliation (but note that
institutional affiliations within Amazonian countries are not included). Different line thicknesses reflect the
total number of scientific articles on Amazonian peatlands from that country which concern peatlands in the
country of implementation. The names of the countries are in 1SO code (see Appendix 1).

The Netherlands (NLD), Finland (FIN) and
France (FRA) ranked fourth with 8 % each; Finland
concentrating on Peru (73 %), The Netherlands on
Suriname and Colombia (36 % each), and France on
Bolivia and Venezuela (27 % each).

The remaining European first authors were from
Switzerland and Estonia, while 1 % of last authors
were affiliated to Belgium.

The USA was the country with most research in
Amazonia, 47 % of which was conducted in Peru and
23 % in Ecuador. The total number of affiliations to
US American organisations decreased from 20 % to
19 % when considering the last author. The USA has
undertaken research in all Amazonian countries
except French Guiana. Mexico (MEX), Canada
(CAN) and Trinidad and Tobago (TTO) each
accounted for 1 % of the author affiliations.

The American continent as a whole provided
22 % and 21 % of the total first and last author
affiliations, excluding the ones from the Amazonian
countries themselves.

Affiliations within Amazonian countries
22 % of first and last authors were affiliated with
Amazonian countries. All Amazonian countries apart
from French Guiana have contributed research either
in their home country or in another Amazonian
country. Brazil and Peru were the only Amazonian
countries where the first and last authors were
simultaneously affiliated with national institutions
(Figure 5, Tables Al and A2).

Peru was responsible for 21 % of the first-author
research carried out on its own territory and 29 % of
last-author publications; and Venezuela for 16 % of

Mires and Peat, Volume 31 (2024), Article 03, 26 pp., http://www.mires-and-peat.net/, ISSN 1819-754X
International Mire Conservation Group and International Peatland Society, DOI: 10.19189/MaP.2023.0MB.Sc.2115055

6



C. Malpica-Pifieros et al.

Firstauthor's
institutional affiliation

. SUR

GUY

GUF

Scale reference

Country
of the author's
institutional affiliation

BOL ECU
BRA PER
VEN CoL

{ ) Amazonian Countries

A REVIEW OF PEATLAND RESEARCH IN AMAZONIA

. y Lastauthor's
R — institutional affiiation

Figure 5. Connection between the location of the author’s institutional affiliation and the Amazonian country
where research was conducted. Sizes of the circles refer to total numbers of scientific articles on Amazonian
peatlands according to the location of the author’s institutional affiliation. Different line thicknesses reflect
differences in the total number of scientific articles on Amazonian peatlands from the country of the author’s
institutional affiliation that relate to the country of implementation. If a circle has no connecting line, all
scientific articles about Amazonian peatlands located within that country have authors whose institutional
affiliations are within the same country. If there is no inner circle, all scientific research on Amazonian
peatlands conducted by authors affiliated to an institution within a particular country took place outside that
country. The names of the countries are in ISO code (see Appendix 1).

first-author and 28 % of last-author. Scientific papers
associated with Brazil were 44 % authored (first and
last authors) by researchers affiliated with that
country, i.e., these authors generated 5 % of the total
number of articles we analysed for Amazonia.
Brazilian first and last authors were also responsible
for 2 % of the research conducted in Peru and 11 %
of that in Bolivia. Ecuador conducted 15 % of first-
author studies within its boundaries, but this number
decreased to 10 % when the research activity of last
authors was included. Bolivia and Suriname were
responsible for 1% of the scientific articles we
reviewed overall, but no last author was affiliated
with a Bolivian institution. Surinamese research
activity increased to 3 % when last-author affiliations
were included, with 2 % of the studies within its
boundaries and the remainder equally distributed

between Guyana and French Guiana. 1 % of the
research in Amazonia was carried out by a last author
affiliated with Colombia, but these studies were not
executed within Colombia.

Temporal and geopolitical research focus

Peru and Brazil were the only countries with at least
one study in each research category (Figure 6).
Peatland research in most countries focused on
ecology, soil sciences and palaeoecology. Peru had
around 42 % of all ecological studies, followed by
Colombia. Concerning research on soil science,
Suriname had most studies reporting peatlands
(29 %), followed by French Guiana (25 %), Peru
(14 %) and Brazil (11%). Venezuela dominated
palaeoecological studies for the region (30 %),
Ecuador was second (22 %) and Peru third (18 %).
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Figure 6. Geographical distribution of the research foci.
Peru was the country with most research activity on  accumulation, GHG fluxes, degradation and

carbon stocks (70 %), followed by Colombia (20 %),
Brazil and Ecuador. Every country had at least one
publication mentioning peatland coverage, GHG
fluxes, degradation and conservation.

As a general trend, the variety of research
categories increased over time. 32 % of the studies
were palaeoecological, 17 % were ecological, and the
next most important category was soil science
(11 %).

The first study we found reporting on peatlands
was an ecological study (Figure 3c). The number of
studies belonging to this type increased from 2009 to
2016 and peaked in 2014. After this date, they slowly
decreased. Regarding soil sciences, peatland reports
began at the end of the 1950s and started to decline
by the end of the 1990s, whereas work on peatland
coverage  slowly  increased  after  2013.
Palaeoecological studies showed a steady increase
over time with a peak in 2013. Whereas these
declined as of 2018, studies relating to carbon

conservation are now increasing.

Publication categories by language and country

Our analysis showed that most of the publications
identified were peer-reviewed articles (84 %), of
which more than 94 % were in English (Figure 7).
The results were similar when analysed by country:
Bolivia 91 % of which 90 % were in English; Brazil
80 % and 88 %; Peru 84 % and 96 %; and Ecuador
66 %, of which all were in English. The picture was
different for Colombia, French Guiana and Suriname,
where at least half of the information came from grey
literature or from peer-reviewed articles in other
languages. Around 8 % of the studies were reported
in books. Grey literature made up 20 % of the studies
compiled, comprising 6 % reports and the remainder
distributed among theses, maps, and other sources.
Overall, the language most commonly found in our
study was English (84 %), followed by Spanish (11 %),
French (3 %), and Portuguese and Dutch (1 % each).
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DISCUSSION

Temporal and geographical trends

International research

Amazonia has recently gained international attention
in the climate change and biodiversity debate through
the research of Malhado et al. (2014), which is the
first comprehensive study on the spatio-temporal
aspects of peatland research in that region. For the
last 70 years, Amazonian peatland research has
varied in distribution and research focus and has
become increasingly global, while most research
(77 %) has been performed by institutions located in
the Northern Hemisphere. This phenomenon may be
termed ‘colonial’ and, in some cases, ‘helicopter’
research; the former referring to studies conducted in
countries during their colonial periods and the latter
being area-specific publications written mainly by
international researchers (Minasny et al. 2020).
Helicopter research often favours scientists from
developed nations and may have negative aspects
such as unequal partnerships, ignoring ownership and
national priorities, lack of sustainability, etc.
(Minasny et al. 2020, Seidler et al. 2021). However,
in the tropics, notable instances of fruitful
collaborations between international and local
researchers in various projects have yielded enduring
advantages for both scientists and local communities
(Seidler et al. 2021).

The Netherlands was the first country to perform
peatland research in Amazonia, which is attributable
to its long history of peatland research (the world’s
oldest scientific book on peatlands stems from that
country) and its colonist tradition. A similar situation
has been observed in Indonesia, where peatland
research started while the country was under the
control of The Netherlands (Joosten 2016). The
colonial connection could also explain the rapid
decline in studies after 1977, when Suriname became
a sovereign state. Nevertheless, research conducted
by The Netherlands in other Amazonian countries
continued. In contrast, the United Kingdom, with an
equally established colonist tradition and known
effort on peatland research, did not have studies in
Guyana. Nonetheless, peatland research performed
by GBR in Amazonia has increased over time. A
similar situation has been observed in France;
whereas peatland research has indeed been conducted
in French Guiana, which remains politically linked to
France, the majority of French peatland research has
focused on other Amazonian nations. It is worth
mentioning that the level of engagement in
collaborations between international and local
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scientists and with local communities may vary
significantly between projects, and evaluating the
particular situation for each of the studies we
reviewed was out of scope for this research.

A second important influence is globalisation.
The presence of national incentives, access to
funding and the search for ‘globally significant’
topics are key factors in driving the
internationalisation of research (Woldegiyorgis et al.
2018). The USA and European Union (EU) countries
have several national and regional initiatives to
promote international research  collaboration
(Woldegiyorgis et al. 2018). Also, the USA, GBR,
Germany and France are four of the six countries that
account for 82 % of the world’s multinational
publications. Hence, it is no surprise that these
countries are the main contributors to peatland
research in Amazonia, also considering that GBR, the
USA, Germany and The Netherlands are currently
the top producers of peatland knowledge at global
level (van Bellen & Lariviére 2020). Furthermore,
studies incorporating a foreign study site (relative to
the authors’ country of affiliation) receive more
citations than those utilising only domestic study
sites (van Bellen & Lariviere 2020). International
interest in Amazonia was possibly awakened after the
publication by Lahteenoja et al. (2009) announcing
their discovery of the largest known peatland
complex in this region, which may have facilitated
collaborative research and attracted researchers
striving to find topics with global relevance.

Institutional affiliation may also explain the
presence of some countries, as in the case of the
University of Turku in Finland, which has a long
history of research in Amazonia (Malhado et al.
2014) or the University of Gottingen with peatland
research in four Amazonian countries. The
involvement of organisations with multiple
headquarters, both national and international, can
also play a role in diversifying the countries
conducting research in Amazonia, as is the case with
CIFOR in Indonesia or ORSTOM, the French
‘Overseas Scientific and Technical Research Office’,
which had offices in France, Mexico and Cameroon.
In addition, international organisations such as the
United Nations have contributed to the promotion of
cross-national research by integrating research into
their  development assistance packages for
developing countries (Woldegiyorgis et al. 2018).
The United Nations Environmental Programme
(UNEP) recently developed a Global Peatlands
Assessment, giving information on the location and
status of peatlands and recommendations for their
sustainable management on a global scale (UNEP
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2022). This assessment is the most up-to-date source
of peatland information for some countries in Amazonia.

The influence of individual researchers on
knowledge production patterns may have been
shaped by their contributions to biological collections
as well as by training students and founding research
groups (Malhado et al. 2014). Also, international
research collaboration has been significantly
enhanced by the international mobility of graduate
researchers and faculty members (Woldegiyorgis et
al. 2018). In Amazonia, an example of this pattern is
the work of Dr. Valenti Rull (ESP) and his research
group, who are responsible for 60 % of the peatland
research articles published for Venezuela.

National research

Our results show that research from institutions based
in Amazonian countries has grown and diversified
over time. However, more than half of the
Amazonian countries (Bolivia, Colombia, Ecuador,
Guyana and French Guiana) have low or zero
peatland research efforts either within their own
boundaries or in other Amazonian countries.

Peru is the country with most domestic peatland
research effort, followed by Brazil. Peru has
consistently carried out peatland research on its
territory and is amongst the Amazonian countries
with the highest research productivity (Malhado et al.
2014). In addition to its domestic research, Brazil has
financed studies in Peru and Bolivia, invested in
scientific research and infrastructure, and increased
its peatland research efforts since 2007 (Stocks et al.
2008, van Bellen & Lariviéere 2020).

Previous studies have observed a positive
relationship between a country’s population and its
total scientific productivity including number of
publications produced by in-country scientists
(Stocks et al. 2008). Also, the gross domestic product
(GDP) of a country correlates positively with its
scientific productivity. Countries like Guyana,
French Guyana and Suriname generally have a small
number of scientific institutions and low research
productivity (Malhado et al. 2014), which could
explain their low peatland research effort. Linguistic,
cultural and practical barriers may also disadvantage
Amazonian researchers, compared to authors
affiliated with northern institutions, in performing as
lead authors (Malhado et al. 2014) and publishing in
prestigious journals rather than working on
collaborative articles (Meneghini et al. 2008).
However, we did not consider the nationalities of
authors, so it may be the case that authors from
Amazonian countries are affiliated to institutions
located outside of Amazonia.

It is important to mention that peatlands in South
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America are poorly characterised and not widely
recognised. In most cases, the respective countries do
not have specific peatland policies (UNEP 2022).
The knowledge gap regarding distribution, extent,
ecosystem services and cultural values of peatlands,
as well as the lack of policies to ensure their
protection, may explain the lack of effort devoted to
peatland research for most Amazonian countries.

Distribution of peatland research

The contrast between the large number of studies on
lowland peatlands compared to the small number in
other peatscapes is interesting, although hardly any
scientific attention has been paid to the lowland
peatlands of Western Brazil, Bolivia and the Guianas.
Reasons for the disproportionate attention may be
that most peatlands are located in the lowlands (Page
et al. 2011); that fieldwork on other peatlands is more
difficult and expensive (Lawson et al. 2015); and that
research sites tend to cluster according to
accessibility (along major rivers and close to urban
areas), facilities and logistics (e.g., infrastructure,
security) and the availability of background or
baseline information (dos Santos et al. 2015).
Furthermore, the greater diversity of species and
ecosystems may make larger countries more
attractive to foreign researchers (Stocks et al. 2008).

Changes in peatland research focus

Our study demonstrates that the peatland research
focus in Amazonia has shifted over time. Studies
started with ecological investigations in Suriname in
1953, publishing the results of scientific expeditions
carried out during the late 1940s. Peat soil research
rapidly followed, probably influenced by earlier
colonial soil studies in Suriname, which is the
Amazonian country with the most soil studies.
Historical colonial soil studies were frequently driven
by the exploitation of natural resources (Minasny et
al. 2020). Furthermore, there were local
investigations within the frameworks of national soil
inventories for resource assessment.
Palaeoecological studies have also long been a
constant field of research in Amazonia. Despite being
primarily supported by scientific institutions, the oil
industry in Venezuela has been involved in
palynological studies since the mid-1930s (Hopping
1967). Brazil was the first - and to our knowledge the
only - country to make a peatland inventory for
commercial exploitation purposes (Suszczynski
1984). Some soil inventories have mentioned the
presence of peat or Histosols in their analyses, as was
the case for Guyana in 1964. However, interest in
mapping peatland occurrence in Amazonia did not
start formally until the early 1990s.
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As a general trend, peatland research in Amazonia
has shown a significant thematic increase since the
discovery of the largest peatland complex in the area
(L&hteenoja et al. 2009), with a growing focus on
carbon accumulation, GHG fluxes, degradation, and
conservation after 2017. The latter may have been
triggered by the increasing global attention to
peatlands in the Climate Convention (Joosten 2011,
Joosten et al. 2012, IPCC 2014, Joosten et al. 2016),
the Paris Agreement (Horowitz 2016), and the
devastating peatland fires in Indonesia in 2015 (IPCC
2014, Horowitz 2016, Atwood et al. 2016), which all
underlined the importance of peatland conservation
and restoration for climate change mitigation.
Another important finding is that, whereas research
on carbon stocks and GHG fluxes is thriving at global
level (van Bellen & Lariviére 2020), this type of
information is still lacking for most countries in
Amazonia, the only available data having been
published in the Global Peatlands Assessment. Such
research is critical to elucidate the role that
Amazonian peatlands play in global GHG fluxes and
climate change (UNEP 2022). However, the increase
in studies in Amazonia is encouraging, as they are
crucial for developing effective strategies to mitigate
climate change and protect the vulnerable ecosystems
in the region.

Language and publication trends

Our results show that most studies are peer-reviewed
papers, predominantly in English. However, our
study also highlights the peculiarities of non-English-
speaking countries such as Colombia, French Guiana
and Suriname, where at least half of the peatland
information comes from grey literature or peer-
reviewed articles in other languages (see
Appendix 3). Also, Pitman et al. (2007) found that
most literature on tropical biology and conservation
in Madre de Dios (PER) consisted of grey literature,
books or papers written in Spanish and published in
journals that were mostly inaccessible outside Peru,
and that 90 % of texts authored by Peruvians were
written in  Spanish. Researchers with limited
proficiency in English may face difficulties in having
their work published in international journals, and
thus be impeded in connecting with the international
audience (Montgomery 2004).

Language-specific search is key when searching
for literature across multiple languages (Amano et al.
2021). Literature search often neglects non-English-
language journals and grey literature (Pitman et al.
2007, Amano et al. 2021). Ignoring non-English and
grey literature would have reduced our data
considerably and would have portrayed countries
with little peatland-related information as having
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even less. Even though we searched in (all) relevant
languages and considered grey literature, we may
have missed significant amounts of peatland-related
information for Amazonia that is not publicly online
due to its age, internal policies, or lack of capacity at
pertinent institutions to make it internationally
available. Thus, further (local) searches for grey and
non-English literature may help to reduce the
knowledge gap in some Amazonian countries.
Another reason for missing relevant studies could be
that they termed their own focus as ‘Andean
peatlands’ with no mention that they were also
located in Amazonia, meaning the literature search
systems could have missed them. We did identify and
review some articles of this type, but a specific search
on Andean peatlands was out of scope for this study.

Recommendations

Even though peatland research is increasing in
Amazonia, it is still at an early stage and several
questions remain unanswered. Overall, we have been
able to identify some trends in research effort along
with their causes. Our study also highlights the
importance of addressing the knowledge gaps and
challenges in peatland research in Amazonia. It is
essential to realise that the lack of data on location
and extent of peatlands in Amazonia and on the
services they provide frustrates policies to guarantee
their protection and sustainable use. Therefore,
research should urgently fill these geographical and
subject-related knowledge gaps to address the
challenges of preserving peatlands in the region
while balancing economic development.

Also, we recommend considering the accessibility
of information, especially for non-English-speaking
countries, to guarantee that knowledge and research
findings are effectively translated into policy and
management decisions. International collaboration
could strengthen the professional relationships of
local researchers and invest in their capacity through
the exchange of knowledge, expertise, and
information. In most cases, local researchers have the
better understanding of the area, local communities
and the possibilities and constraints for generating
adequate management plans or implementing
research projects.

It is essential to promote collaborative work to
help extinguish helicopter research, address local
priorities, and establish long-term benefits for
scientists and local communities. By increasing
research effort, improving accessibility and
strengthening collaboration, peatland research in
Amazonia can work towards  sustainable
management, conservation, and informed decision-
making in the region.
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Appendix 1: List of 1SO abbreviations used in this article for Amazonian and non-Amazonian countries.

Abbreviation Country

BOL Bolivia
BRA Brazil
COoL Colombia
ECU Ecuador
Amazonian GUF French Guiana
GUY Guyana
PER Peru
SUR Suriname
VEN Venezuela
BEL Belgium
CAN Canada
CHE Switzerland
CMR Cameroon
DEU Germany
ESP Spain
EST Estonia
Non-Amazonian FIN Finland
FRA France
GBR United Kingdom of Great Britain and Northern Ireland
IND Indonesia
MEX Mexico
NLD The Netherlands
TTO Trinidad and Tobago
USA United States of America
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Appendix 2

Table A2.1. Total number of scientific articles on Amazonian Peatlands from the location of the first author’s institutional affiliation to the country of implementation.

Country of the first author’s institutional affiliation

BOL BRA CHE DEU ECU ESP EST FIN FRA GBR GUY IND NLD PER SUR TTO USA VEN MEX

BOL 2 1 3 1 2

S  BRA 7 3 1 2 2 1
£ coL 1 1 4 1

§ Ecu 73 11 7

£  GUF

5 GUY 1 1 1 1

£ PER 1 2 1 8 16 2 12 14

3 SUR 1 4 1 1

VEN 15 3 1 2 4

Table A2.2. Total number of scientific articles on Amazonian Peatlands from the location of the last author’s institutional affiliation to the country of implementation.

Country of the last author’s institutional affiliation

BEL BRA CAN CHE CMR COL DEU ECU ESP EST FIN FRA GBR IND NLD PER SUR TTO USA VEN

_ BoL 1 1 1 3 1 2
£ BRA 6 1 5 2 2
= CcoL 1 1 4 1
§ Ecu 9 2 7
£ GUF 3

5 GUY 1 1 1 1
£ PER 1 1 1 1 5 17 2 1 16 11
§ SUR 3 3 1

VEN 1 1 8 3 2 3 7
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Appendix 3: Publications included in the analysis, by country.

Note: If a study covered more than three countries, the reference is assigned to the category ‘Amazonia’.

Amazonia

Dias, R.M., Téfoli, R.M., Lopes, T.M., Alves, G.H.Z.
(2021) Amazon peatlands in peril: a warning for
global warming. Oecologia Australis, 25, 1-6.

Melack, J.M., Basso, L.S., Fleischmann, A.S., Botia,
S., Guo, M., Zhou, W., Barbosa, P.M., Amaral, J.H.,
Maclintyre, S. (2022) Challenges regionalizing
methane emissions using aquatic environments in
the Amazon Basin as examples. Frontiers in
Environmental Science, 10, 866082, 26 pp.

Ruokolainen, K., Schulman, L., Tuomisto, H. (2001)
On Amazonian peatlands. International Mire
Conservation Group Newsletter, 4, 8-10.

UNEP (2022) Global Peatlands Assessment - The
State of the World’s Peatlands: Evidence for
Action Toward the Conservation, Restoration,
and Sustainable Management of Peatlands.
United Nations Environment  Programme
(UNEP), Nairobi, 425 pp.

Bolivia

Cochi Machaca, N., Condori, B., Rojas Pardo, A.,
Anthelme, F., Meneses, R.1l., Weeda, C.E., Perotto-
Baldivieso, H.L. (2018) Effects of grazing
pressure on plant species composition and water
presence on bofedales in the Andes mountain
range of Bolivia. Mires and Peat, 21, 15, 15 pp.

Declerck, S.AJ., Coronel, J.S., Legendre, P.,
Brendonck, L. (2011) Scale dependency of
processes structuring metacommunities  of
Cladocerans in temporary pools of High-Andes
wetlands. Ecography, 34, 296-305.

Escobar-Torrez, K., Ortufio, T., Bentaleb, I., Ledru,
M.-P. (2018) Cloud dynamic contribution to high-
elevation peatland growth during the Holocene
(Escalerani, Central Andes, Bolivia). The
Holocene, 28, 1334-1344.

Gouze, P., Ferhi, A., Fontes, J., Roche, M. (1987)
Composition isotopique (180) de la matiére
organique des tourbiéres actuelles et holocénes
en Bolivie:  Résultats  préliminaires et
perspectives d’application en paléoclimatologie
(Isotopic composition (180) of organic matter
from current and Holocene peatlands in Bolivia:
Preliminary results and prospects for application
in palaeoclimatology). Géodynamique, 2, 113—

116 (in French).

Graf, K. (1981) Palynological investigations of two
post-glacial peat bogs near the boundary of
Bolivia and Peru. Journal of Biogeography, 8,
353-368.

Ledru, M.-P., Jomelli, V., Bremond, L., Ortufo, T.,
Cruz, P., Bentaleb, I., Sylvestre, F., Kuentz, A.,
Beck, S., Martin, C., Paillés, C., Subitani, S.
(2013) Evidence of moist niches in the Bolivian
Andes during the mid-Holocene arid period. The
Holocene, 23, 1547-1559.

Maezumi, S.Y., Power, M.J., Mayle, F.E.,
McLauchlan, K.K., Iriarte, J. (2015) Effects of
past climate variability on fire and vegetation in
the cerrddo savanna of the Huanchaca Mesetta,
NE Bolivia. Climate of the Past, 11, 835-853.

Mourguiart, P., Ledru, M.-P. (2003) Last Glacial
Maximum in an Andean cloud forest environment
(Eastern Cordillera, Bolivia): Comment and
Reply. Geology, 31, 195-198.

Quenta, E., Molina-Rodriguez, J., Gonzales, K.,
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Global Change Biology, 22, 3196-3205.

Brazil

Barberi, M., Salgado-Labouriau, M.L., Suguio, K.
(2000) Paleovegetation and paleoclimate of
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Journal of South American Earth Sciences, 13,
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Behling, H., Cohen, M., Lara, R.J. (2001) Studies on
Holocene mangrove ecosystem dynamics of the
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Buessecker, S., Sarno, A.F., Reynolds, M.C.,
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