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Ecological restoration research in Colombian Andean forests: a
bibliometric analysis and information gap

Investigacion de restauracion ecologica en bosques Andinos Colombianos: un analisis
bibliométrico y vacios de informacion

Ilvan Camilo Rodriguez-Gonzalez!*

Abstract

Research is the basis for the development of ecological restoration strategies and, therefore, bears the
responsibility for the frequent failure of this practice. Experimental research is considered one of the most
powerful tools to establish the causality of an ecological phenomenon and to provide relevant information
in terms of ecosystem management. In this work, a review of the specific scientific knowledge on ecological
restoration of Andean and high Andean forests was carried out in order to perform an analysis based on
bibliometric indicators of importance (Price index, Isolation index and Collaboration index) and scientific im-
pact (Immediacy index and Impact index of publications) to identify information gaps regarding experimental
research. A total of 186 documents were analyzed, including scientific articles, technical papers, books,
book sections and graduate theses. In general, experimental research in terms of ecological restoration
in Andean and high Andean forests is only used in 17% of the research, with a special emphasis on the
study of flora. The largest information gaps, derived from experimental research, are found in the fields
of agroecology, socioeconomics and multi-thematic or multidisciplinary studies. Most of the experimental
research corresponds to technical documents or degree theses with partial or unpublished results, so the
potential for generating knowledge in ecological restoration is high if the investigations are completed and
carried out with sufficient scientific rigor.

Keywords: experimental design, experiment, research methods, paramo
Resumen

La investigacion es la base para el desarrollo de estrategias de restauracion ecoldgica y por tanto es
responsable por la frecuencia del fracaso de esta practica. La investigacion experimental se considera una de
las herramientas mas poderosas para establecer la causalidad de un fendmeno ecologico y proveer informacion
relevante en términos de gestion de ecosistemas. En este trabajo se realizd una revision del conocimiento
cientifico especifico en restauracion ecologica de bosques andinos y alto andinos, con el fin de realizar un
analisis a partir de indicadores bibliométricos de importancia (indice de Price, indice de aislamiento e indice
de colaboracion) e impacto cientifico (indice de inmediatez e indice de impacto de las publicaciones) y
posteriormente, identificar los vacios de informacion respecto a la investigacion experimental. Se analizaron
186 documentos, entre articulos cientificos, documentos técnicos, libros, secciones de libro y tesis de grado.
En general, la investigacion experimental, en términos de restauracion ecoldgica en bosques andinos y alto
andinos, solo se utiliza en el 17% de las investigaciones, con especial énfasis en estudios de flora. Los vacios
de informacion mas grandes, derivados de la investigacion experimental, se encuentran en los campos de la
agroecologia, la socioeconomia y los estudios multitematicos o multidisciplinares. La mayoria de las investiga-
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ciones experimentales corresponden a documentos técnicos o tesis de grado, con resultados parciales o no
publicados, por lo que el potencial de generacion de conocimiento en restauracion ecologica es alto, siempre
y cuando las investigaciones se culminen y se realicen con suficiente rigor cientifico.

Palabras clave: diseio experimental, experimento, métodos de investigacion, paramo

INTRODUCTION

Ecological restoration is increasingly gaining momen-
tum and is considered the main strategy to combat
the global problem of biodiversity loss (Hobbs and
Suding, 2009; Menz et al., 2013). Compensation tools
created by local governments, aimed at repairing
the ecological damage generated by development
projects in areas with significant biodiversity values,
are often insufficient and demonstrate the need for
technically precise ecosystem restoration strategies
(Quétier et al., 2014). The application of these eco-
logical restoration techniques must have very high
standards in order to be truly effective as a biodiver-
sity offset strategy or to fulfill its objective of helping
to conserve communities and species of plants and
animals. These standards can only be achieved with
considerable scientific input (Burbidge et al., 2011;
Menz et al., 2013). However, the evaluation of the
effectiveness of restoration methods, according to the
literature, are mostly insufficient to establish at least
a methodological line (Palmer et al., 2010; Quétier et
al., 2014).

Since research is the basis for the development of
ecosystem restoration strategies, it bears some re-
sponsibility for the frequent failure of ecosystem
restoration practices. Applied research can only
lead to better restoration outcomes if it addresses
practice-relevant questions (Cabin et al., 2010). Al-
though useful research is carried out in Colombia,
it occurs in the absence of an updated framework
that allows for the generation of applicable results,
in addition to an evident thematic bias, in terms
of research, that privileges the descriptive over the
experimental. According to Parrado-Roselli et al.
(2016), most of the publications associated with
forest and ecology studies in Colombia focus on
baseline descriptions, mainly on the composition
and structure of both flora and fauna. Understand-

ing that descriptive, or non-experimental, research
is fundamental to understand the current state of
ecosystems, experimental research is considered one
of the most powerful tools to establish the causality
of an ecological phenomenon and allows generating
knowledge from changing dynamics of the biophysi-
cal environment. In addition, experimental research
provides cost-effective tools for the resolution of some
ecological problems, which can be used as input for
planning ecological restoration strategies.

Although most of the information on forest ecology is
concentrated in the Andean region (Arbeldez-Cortés,
2013), with approximately 50% of the publications
on the topic of ecological restoration (Garibello et
al., 2021), it is possible that research in the Andean
and high Andean forests presents a similar pattern
with respect to the descriptive nature of scientific
production. For this reason, this paper aims to review
the scientific knowledge related to the ecological
restoration of Andean and high Andean forests, in
order to perform an analysis based on bibliometric
indicators of scientific importance and impact, as
well as to identify information gaps with respect to
experimental research.

MATERIALS AND METHODS

The research was based on a bibliometric analysis of
the scientific production related to ecological restora-
tion in Andean and high Andean forests, specifically
in Colombia, for which a systematic search of the
information generated between 2000 and 2020 was
carried out, including all the academic production
published in reliable sources at the national and in-
ternational level. Specific search criteria were defined
as key words and possible synonyms used alterna-
tively within the scope of study, which was used as a
search equation:
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(ecological restoration OR  ecological reclamation
OR ecological rehabilitation OR restoration ecology)
AND (Andean OR high Andean OR paramo OR
humid montane forest) AND (Colombia).

Metadata

From the bibliography found, basic metadata were
obtained corresponding to: the type of reference,
the name of the document, the number of authors,
the name of the author(s), the year of publication,
the author’s institution, the methodology, the main
ideas, the area of study, the city, the type of research
(experimental or non-experimental) and the jour-
nal of publication. On the other hand, the number
of references and citations retrieved from websites
such as Web of Science, Scopus and Google Scholar
were extracted. In addition, individual searches were
evaluated for each combination of words in order
to analyze which compositions yielded more results
about the topic of study.

Metadata analysis

The data collected were subjected to descriptive
analysis through the application of bibliometric in-
dicators of scientific importance and impact (Es-
corcia, 2008). Regarding the indicators of scientific
importance, the Price index was calculated to find
the percentage of references not less than five years
old, where year zero is the year of publication; the
isolation index associated with the number of refer-
ences belonging to the country of origin, determined
by the number of references from the country versus
the total number of references; and the collaboration
index measured as a percentage by the number of
authors per article.

In the case of scientific impact indicators based on
citation analysis, we considered the publication im-
pact indicator, measured by the number of citations
received by subsequent publications, proposed as an
indicator of article visibility rather than scientific
quality, and the immediacy index, used to measure
the speed with which an article is cited during the
year in which it was published.

Rodriguez-Gonzalez

Identification of information gaps

Once the documents were classified into Experimen-
tal and Non-Experimental, and the information was
catalogued in large areas of knowledge (fauna, flora,
soil, landscape, socioeconomic, hydrology, agroecol-
ogy, fire ecology and multi-thematic), those topics
in which less experimental research was carried out
were identified. Subsequently, specific methodologies
were analyzed in order to generate research questions
to fill these information gaps.

RESULTS

Metadata

From the search equation in the specialized engines,
a total of 4206 results were obtained. However, only
92 documents met the exact parameters, which indi-
cates an acceptance rate of 2.3% (table 1). In the
same sense, when testing the different word com-
binations, a greater number of results were found
for Ecological restoration + Paramo, followed by
Ecological restoration + High Andean forest (table
2).

Metadata analysis

From the exploration in search engines and direct
inquiry in different entities related to research on
Andean forests in Colombia, it was possible to access
186 documents focused on research on Andean and
high Andean forests, including moorlands, within
the national territory. The main information was
extracted from the previously classified documents,
in addition to the variables for the bibliometric
indicators. An initial result of the classification, it
was found that only 17% of the research related
to Andean and high Andean forests carried out in
Colombia is of the experimental type (figure 1).

Of the research analyzed, 55% are technical doc-
uments. According to the review, this proportion
corresponds to unpublished works and /or documents
with preliminary research results. It is important to
note that most of the technical documents analyzed
came from the Botanical Garden of Bogota José
Celestino Mutis; it was not possible to access projects
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of this type in other entities related to Andean
and high Andean forests. On the other hand, 24%
of the information corresponds to scientific papers
published in indexed journals: 10% to book sections,
9% to graduate and undergraduate theses and 2% to
books. In the same vein, within each type of docu-
ment, the general trend is maintained, most are non-
experimental research with the exception of the book
sections, which had an equal number of experimental
and non-experimental research (figure 2).

With regard to the entities that generate knowledge
or scientific information related to Andean and high
Andean forests, three large groups were classified.
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The first corresponds to research institutes, which
contributed 65.05% of the documentary production,
with the most representative being the José Celestino
Mutis Botanical Garden of Bogotéd and the Alexan-
der von Humboldt Institute for Research on Bio-
logical Resources. Universities contributed 33.87%
of the documentation consulted, followed by NGOs
with 1.08%. In relation to the above, the entities
related to the study ecosystems, such as the Ministry
of Environment and Sustainable Development, the
District Secretariat of Environment and the Regional
Autonomous Corporations, no open information was
found, or it was not possible to access specific re-
search on ecological restoration of Andean and high

Table 1. Number of documents found vs. accepted, by each
search engine

Search engines Results founds dAccepted
ocuments
Google Scholar 3820 56
Scielo 8 8
Science Direct 189 17
Scopus 189 17

Table 2. Number of results found by search combination

Combinations Andean forest High Andean forest

Ecological restoration 2040 714

Ecological rehabilitation 229 93
Ecological reclamation 215 77
Restoration ecology 113 52

Non-experimento!
Experimental -

0 50 100 150 200

Experimental Non-experimental
B No. Documents 31 155

Figure 1. Type of research conducted in Andean and high Andean forests in Colombia.
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Figure 2. Type of research present in the different document types.

Andean forests.

It is worth noting that although research institutes
have the largest number of studies, 85.12% corre-
spond to technical or working documents which have
limited access, while universities provide more freely
accessible and published information.

A total of 46.77% of the research related to ecological
restoration in Andean and high Andean forests is
focused on the study of flora, while 19.35% corre-
sponds to multi-thematic studies covering different
disciplines. The topics with a lower percentage of
research are associated with socioeconomic studies
(9.68%), followed by soil restoration (8.06%), while
the fauna and landscape restoration studies have
6.45% of the documents each. Finally, restoration
studies based on fire ecology and agroecological pro-
cesses represent 2.15% and 1.08% of the analyzed
documents, respectively (figure 3).

In terms of research type, flora studies comprise
67.74% of the experimental research, an area of
knowledge that most applies to this type of approach.
However, in terms of the proportion of experimen-
tal research compared to the total amount studied,
33.33% of the research related to soil restoration is
of the experimental type. Contrary to this, in multi-
thematic, socio-cultural and agroecological studies,
no research was found where a design based on
manipulation of variables was applied.

Although research institutes generated most of the
projects aimed at studying Andean and high Andean
forests, universities are the entities that generate the
greatest amount of information from experimental
research, with 33.33% of their scientific production
focused mainly on flora. 91.74% of the research
projects carried out by the institutes, specifically
the Botanical Garden of Bogotd, are concentrated in
non-experimental research, mainly focused on floris-
tic characterization, conceptual models and evalua-
tion of the physical-biotic potential (table 3).

For the spatial analysis of the studies, the technical
documents were omitted since they are concentrated
in institutions of the capital district, with results
were based on documents freely available on the
Internet. Consequently, 70% of the research con-
tained in the technical documents is concentrated in
Bogota and Cundinamarca, both experimental and
non-experimental, the latter being dominant in most
of the regions, with the exception of Boyacda, where
four of the five investigations found a contemplated
design based on manipulation of variables, so it is
categorized as experimental (figure 4).

The general direction of research in the Colombian
Andean and high Andean ecosystems shows an an-
nual growth trend, whose X coefficient of the equa-
tion of the straight line is 0.89. In principle, there
is evidence of a substantial increase in scientific pro-
duction from 2005, with a strong periodic decrease
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Figure 3. The type of research by area of knowledge found in the documents.

Table 3. Type of research produced by the different entities in each area of knowledge

Research Institute NGO University
Knowledge area . Non- . Non- . Non-
Experimental . Experimental . Experimental .
experimental experimental experimentall
Agroecology - 2
Fire ecology 1 3 -
Fauna 1 5 2 4
Flora 6 43 2 15 21
Multi-thematic - 28 8
Landscape - 6 1 5
Socio-economic = 15 > 3
Soil 2 9 3 1
Total 10 111 0 2 21 42

from 2017 to 2020 (figure 5). Regarding the temporal
dynamics of knowledge generation related to the
type of research, non-experimental studies present
an increase very similar to the general increase in
documental production, with a coefficient of X =
0.81. In contrast, experimental research has remained
stable, with a slight downward trend, as evidenced
by the X coefficient of the line with a value of -6.06
(figure 6).

Bibliometric indicators were found only for scientific
articles published in indexed journals, since in this
type of documents it is possible to better understand

the specific trend for the different areas of knowledge.
Regarding the indexes of scientific importance, both
the Price index and the isolation index are higher
for non-experimental research. Within the areas of
knowledge, the articles related to fauna with an ex-
perimental approach display the highest values in the
Price index, while, in the non-experimental ones for
this index, the highest values are presented in Land-
scape Ecology and Flora. Regarding the isolation in-
dex, within the experimental articles, studies related
to soil restoration show the highest percentage, which
differs from non-experimental research, where multi-
thematic and socioeconomic studies show the highest
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Figure 5. Temporal production of research from 1997 to 2020.

indexes (table 4).

The collaboration index for the total number of
articles consulted shows that 68.18% were written
by two to three researchers. In the case of exper-
imental research, 53.85% have two authors, while
38.71% of the non-experimental articles have three

authors, 51.61% have between one and two authors
(table 5). Regarding the collaboration index for the
different areas of knowledge, there are between one
to three authors. However, the greatest collaboration
is observed in the landscape-scale restoration studies
with four authors in all the articles. This is contrary
to the socioeconomic studies, with a single author in
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Figure 6. Temporal production by type of research from 1997 to 2020.

66.67% of the publications (table 6).

Regarding scientific impact indices, specifically the
number of citations received by the article, observa-
tional or non-experimental research documents re-
ceived, on average, twice as many citations as exper-
imental articles. In the same sense, articles related to
flora and fauna restoration received the highest num-
ber of citations. On the other hand, the immediacy
index values, despite being low for all publications,
are higher for non-experimental research, mostly rep-
resented by the topics of fire ecology, flora and fauna
(table 7).

Identification of information gaps

In general, research related to ecological restoration
in Andean and high Andean forests has been little
studied from an agroecological and/or fire ecology
approach. However, since this work concentrates on
experimental research, there is a lack of informa-
tion derived from studies based on manipulation of
variables in the fields of agroecology, socioeconomics
and multi-thematic approaches where restoration is
analyzed holistically. Additionally, fire ecology and
landscape scale studies have only a single study
focused on restoration (figure 3).

Table 4. Price index for types of research and areas of knowledge

Experimental Non-experimental
Knowledge area Price Index Ins;:ijaet;(on Price Index Ins;:ha:;(on
Fire ecology - - 20.61% 18.98%
Fauna 30.77% 23.08% 18.98% 24.38%
Flora 15.74% 28.87% 25.48% 31.33%
Multi-thematic - - 0.00% 62.50%
Landscape 25.95% 15.27%
Socio-economic - - 24.90% 60.30%
Soil 12.16% 55.87% - >
Total 16.35% 32.58% 23.67% 33.15%
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Table 5. Overall collaboration index and by research type

General Experimental Non-experimental
No. Authors Number of | Collaboration Number of | Collaboration Number of | Collaboration
items index items index items index
1 9 20.45% 1 7.69% 8 25.81%
2 15 34.09% 7 53.85% 8 25.81%
3 15 34.09% 3 23.08% 12 38.71%
4 3 6.82% 1 7.69% 2 6.45%
5 2 4.55% 1 7.69% 1 3.23%
Table 6. Collaboration index by area of knowledge
Knowledge area
No. Ecology Multi- Socio- .
Authors . Fauna Flora . Landscape . Soil
Fire thematic economic
1 50.009% 0.00% 16.13% 100.00% 0.00% 66.67% 0.00%
2 50.00% 25.00% 38.71% 0.00% 0.00% 0.00% 50.00%
3 0.00% 75.00% 32.26% 0.009% 0.00% 33.33% 50.00%
4 0.00% 0.00% 6.45% 0.00% 100.009% 0.00% 0.00%
5 0.00% 0.00% 6.45% 0.00% 0.00% 0.00% 0.00%

Although there are three experimental studies fo-
cused on fauna, all are oriented on avifauna evaluated
through perches, so there is a lack of information
related to other faunal groups and their habitat
preferences. Additionally, although the five studies
related to soil focus on the performance of vege-
tation in different soil types or the application or
elaboration of substrate, there are no studies re-
lated to the recovery or rehabilitation of the biota
and/or physicochemical characteristics of the soil.
Even though the flora component is the one with the
most associated research, there are some thematic
approaches that are not used in the research that can
answer relevant questions for ecological restoration,
such as an analysis from the genetic and functional
point of view.

Based on the above, and on the research carried out
by Miller et al. in 2017 in which the different areas of
ecological restoration and under-investigated topics
are evaluated, table 8 shows the research questions
relevant to all areas of knowledge related to the
restoration of the Andean and high Andean ecosys—

tems which cannot be answered with the research
developed to date in the country for these ecosystems
and can be approached mostly from an experimental
point of view (table 8).

DISCUSSION

Although search engines are a fundamental tool for
the exploration of scientific information, when too
specific search formulas are applied, a thorough re-
view is required in order to obtain documents that
meet a strict set of criteria, given that search en-
gines suppress some terms to achieve broader re-
sults. In this same sense, the search for “Ecological
Restoration” was the term that yielded the greatest
number of results, since it is a term that groups
approaches, such as Recovery and Rehabilitation.
Although the “Paramo is immersed within the high
Andean ecosystems, it was necessary to include it as
an independent criterion, since it is the term that
presents the greatest amount of research.
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Table 7. Scientific impact indexes for types of research and areas of knowledge

Number of citations Immediacy index
Area of knowledge . Non- . Non-
Experimental - Experimental -
experimentall experimental
Ecology Fire 2.5 - 0.043
Fauna 2 9 0 0.026
Flora 8.4 18 0.006 0.032
General 7 - 0
Landscape 3 - 0.002
Socio-economic - 5.3 - 0.009
Soil 2.5 - 0 -
Total 7 14 0.005 0.028

Metadata analysis

The number of documents obtained for the analysis
of this research (186 documents) is relatively high
compared to other studies of the state of knowledge
in Colombia with lower search restrictions. For ex-
ample, Garibello et al. (2021) evaluated the state of
knowledge on ecological restoration in the country.
However, it is noteworthy that in this research, unlike
other studies, both research and technical documents
were analyzed, a fact that broadened the spectrum
of data. However, this generated a challenge in terms
of obtaining information, considering that technical
documents are not freely accessible by those outside
of the entities that generate them. In this sense, 55%
of the studies analyzed in this research corresponded
to technical documents generated mainly by entities
in the city of Bogot4, as these were the entities that
allowed moderate access such information. It is evi-
dent that there is a large amount of research related
to restoration of Andean and high Andean forests,
whose results do not contribute to the knowledge
or management of these ecosystems due to the lack
of dissemination and/or publication of these results.
This difficulty in terms of access to information
reaffirms the fact that scientific knowledge is only
available to a few groups and the majority of the
population does not have access to this information
(Fuller et al., 2014).

Regarding the type of research conducted, the low
percentage of studies based on experimental parame-
ters (17%) may be associated with the type of entity

where the information is generated. Much of the
knowledge generated, despite not being published,
is developed in research institutes that are mostly
funded by governmental contributions (Murcia and
Guariguata, 2014). Since experimental research is
based on responses to the manipulation of one
or several factors, a minimum time is required to
demonstrate these responses. This fact makes ex-
perimental research take longer than observational
research, which is not convenient when research goals
are mixed with governmental restoration objectives
based on the number of hectares or number of trees
planted.

Despite the fact that the vast majority of research on
ecological restoration issues is based on flora studies,
76% is focused on characterizations and baselines.
In this sense, flora research from an experimental
point of view could generate information that allows
for the adaptive management of ecosystems and ac-
tive ecological restoration processes (Ramirez et al.,
2016). This fact is also related to what was mentioned
above, where much of the research is associated with
regional or district goals, where tree planting is the
indicator of success. This limits experimental re-
search in areas such as fauna and soil restoration and
studies at the socioeconomic and landscape levels.
These results are consistent with other research on
the state of ecological knowledge in Colombia, where
flora accounts for the majority of studies (Arbeldez-
Cortés, 2013; Garibello et al., 2021; Murcia and
Guariguata, 2014; Parrado-Roselli et al., 2016).

10
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Table 8. Research questions associated with information gaps

Areas of knowledge Research questions
e How to evaluate the social impact of ecological restoration processes?

e What are the appropriate strategies to generate community ownership of the territory or of the
Socioeconomic restoration processes?

e What metrics and/or survey techniques are required to adequately characterize communities
associated with areas undergoing ecological restoration?

e What is the influence of different agricultural crops on the physicochemical characteristics of
the soil necessary to initiate ecological recovery or rehabilitation processes?

e How to improve agricultural productivity in areas adjacent to ecological restoration zones, as a
Agroecology way to reduce anthropogenic pressure?

e What type of agricultural crops can improve soil conditions prior to the initiation of restoration
processes?

e What monitoring, design and testing techniques are required to adequately evaluate the
restoration process to allow unambiguous assessment of progress and success at different stages?

e Are the physical, hydrological, climatic and biological attributes of the environment limiting
and can they be manipulated to optimize plant growth and survival in restoration?

e Can fire be manipulated as a disturbance for the development of natural regeneration?

e What is the reaction of different plant species or functional groups to different fire intensities?
e Can the density, planting patterns or sequences of ecological corridors be varied to optimize
connectivity and/or energy flow between forest patches?

e How do social, physical, climatic, socioeconomic, infrastructure, etc. characteristics influence
Landscape the connectivity and restoration potential of a forest relict?

e For Andean and high Andean forests, what is the minimum size and distance of forest patches
that guarantee ecological viability?

e Which faunal groups are ideal for enhancing passive regeneration and dispersal?

Fauna e What type of plant species are suitable for attracting pollinators or dispersers?

e Can habitat and resource requirements of wildlife species be increased to enhance biodiversity
values and ecosystem function?

e Do environmental conditions on the soil affect the development of microbiota and can artificial
or natural structures or treatments be constructed to enhance their effects?

e Can topsoil germination be maximized by changes in harvesting, storage, re-storage and
treatment techniques?

Soil e How can soil microbiota enhance seed production in natural populations?

e How does the soil biota and seed bank react to intensities or types of disturbances?

e s soil biota necessary for plant growth and survival and what treatments can be employed to
optimize its return in restoration?

e For seed supply, is it better to mix genotypes (thus increasing evolutionary potential) or to
match genotypes to local conditions (maximizing local adaptation)?

e For seed supply, is it better to mix genotypes (thus increasing evolutionary potential) or to
match genotypes to local conditions (maximizing local adaptation)?

e Can functional groups be introduced or managed to improve the sustainability or regeneration
of a population?

Multi-thematic

Fire ecology

Flora
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When ranking the studies by region, Bogota and
Cundinamarca are the dominant departments in
terms of scientific production, which is evident in
studies such as that of Murcia and Guariguata
(2014). This is explained by the fact that Bogota
concentrates most of the research institutes and uni-
versities. Thus, from a logistical and economic point
of view, it is easier to conduct research, either in the
city or in the adjoining municipalities.

The trend in terms of scientific production focused
on ecological restoration in Andean and high Andean
forests over time shows a considerable increase in
both experimental and non-experimental research as
of 2005, coinciding with that reported by Garibello
et al. (2021) and by Murcia and Guariguata (2014).
This trend may be due to the fact that in the sec-
ond five years of the 21st century, several research
projects on ecological resources were generated by
the Mayor’s Office of Bogotda and the Corporacion
Auténoma Regional de Cundinamarca (CAR) within
the framework of the government program Bogotd
Without Indifference 2004-2007. In contrast, exper-
imental research has shown a downward trend, de-
spite the increase in environmental challenges that
require this type of information for the generation of
knowledge for management, such as the management
of invasive species (Miller et al., 2017).

The indicators of scientific importance place the non-
experimental articles with a high Price index, this
means that the authors of this type of research used
a greater amount of recent references to generate
new information. This makes sense if we consider
the amount of information generated from an ex-
perimental approach, since less scientific production
makes it more complicated to find recent supporting
documents. As for the isolation index, the higher the
value obtained for this indicator, the less influence
external knowledge will have on research or other
types of activities being carried out in the country.
This is contrary to what happened with research
carried out in the Andean and high Andean forests
of Colombia, whose index is low in comparison with
research on different ecosystems in more developed
countries (Grindle, 2017). Therefore, as a country, we
are forced to rely on foreign information, even though
we are talking about very specific ecosystems of the
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northern Andes.

These indicators of scientific importance can also
shed light on the state of research by the area of
knowledge. Regarding Price’s index, experimental
research on fauna is the one that presents the highest
number of updated references, despite having a high
influence of foreign information, given its isolation
index value. On the other hand, restoration research
from a socioeconomic and multi-thematic component
presents a low influence of foreign information, which
is understandable, since social and economic behav-
iors are very particular at the local and/or regional
level.

The scientific impact indexes show, in terms of num-
ber of citations, that descriptive studies of flora
are the most consulted and cited, since they are
important comparative and supporting documents
for characterization studies and baselines for ecolog-
ical restoration projects. Regarding the immediacy
index, which measures the level of dissemination of
a research study in the first year of publication,
the subject with the greatest dissemination is fire
ecology, which was to be expected due to the little
information that exists on the subject, which implies
a high demand for studies of this type. In terms of
type of research, non-experimental studies not only
have a higher number of citations, but also a higher
rate of immediacy, which leads us to conclude that
the quality of the information and/or the relevance
of the research questions in experimental projects in
the country is not adequate, which means that these
studies are not a reference for subsequent research.

Identification of information gaps

The results obtained identify the aspects that have
been addressed more or less frequently at the local
level and identify those that have not yet been ex-
plored. They also suggest that research associated
with ecological restoration in Andean and high An-
dean forests is insufficient considering the extent of
degradation and the diversity involved (Etter et al.,
2008).

Although there are areas of knowledge with clear

information gaps, such as restoration studies with a
multi-thematic, socioeconomic or agroecological ap-
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proach, when reviewing in detail the methodologies
and research questions, significant biases are evident
in all areas of knowledge, so there are issues that
are not addressed and are fundamental for restora-
tion ecology in Andean and high Andean ecosystems
(Garibello et al., 2021, Miller et al., 2017). In this
context, the flora component has the largest num-
ber of studies addressed from different approaches.
However, in the case of functional traits, the studies
are extremely descriptive and there is no guidance
on the usefulness or application of this information
in ecological restoration projects or integrated forest
management. On the other hand, studies of genetic
diversity or population genetics have not been stud-
ied, despite the importance of this information at
both local and regional levels (El Enshasy et al.,
2015).

Although sustainable harvesting and mixed sustain-
able forest management projects have been part
of the agenda of different governments, research in
agroecology and socioeconomics related to ecosystem
restoration has not been significant or conclusive
(MADS, 2014). In this sense, knowledge in this area
can provide tools for integrated ecosystem manage-
ment and achieve a relative balance between conser-
vation and resource use by communities.

Based on the research questions, some conceptual
approaches can be made to partially fill the in-
formation gaps. In the area of socioeconomic re-
search, no information was found on the impact of
ecological restoration projects on communities and
the techniques applied to specifically quantify this
impact in Andean ecosystems. However, Aguilar-
Garavito and Ramirez (2015) proposed some general
parameters for community involvement in ecological
restoration projects, which may be applicable to the
ecosystems under study. The indicators to measure
impact are: employment generation, number of peo-
ple involved, generation of business opportunities,
community participation in monitoring, and youth
participation.

Regarding appropriation techniques, Castaneda
Rincén (2019) makes a description of techniques used
by the Educational Subdirectorate of the Botanical
Garden of Bogota, which are mainly based on ecolog-
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ical tours, outreach days and participation in planta-
tions. However, no reference is made to whether these
strategies were adequate or achieved the expected
objective Aguilar-Garavito and Ramirez (2015) af-
firm that participation strategies based on economic
appropriation are the most effective in the long
term, based on experiences carried out in Amazonian
forests or Middle Magdalena forests, where the rela-
tionship between the community and the ecosystem
is different from that of Andean and high Andean
forests. Nevertheless, it is necessary to implement
this economic approach in the ecosystems of Bogota
and the region, with productive projects such as
community nurseries, seed production and sale, etc.

Agroforestry is a productive approach with the ca-
pacity to promote the recovery of degraded agroe-
cosystems, particularly because of its adaptive
characteristics to climate change (Chepstow-Lusty,
2011). In this sense, the evaluation of the impact of
productive systems, especially on the soil, provides
fundamental tools to address ecological restoration
processes in areas altered by agricultural distur-
bances. Arce-Alvarez and Azero-Alcocer (2020) eval-
uated different types of crops and their influence
on soil characteristics in a study conducted in the
Andean forests in Bolivia. They concluded that crops
with forest plantations, either as living fences or
internal shading, had better physical and chemical
characteristics that facilitated the development of all
types of vegetation.

On the other hand, Zamora et al. (2017), experi-
mented different types of crop associations in relation
to soil and productivity. The results showed that the
coffee-guamo-orange association increased the con-
tribution of organic matter and improved soil fertility
conditions, presenting the highest values of available
phosphorus and potassium. These results can be ap-
plicable to transition processes in agricultural areas
adjacent to restoration zones.

For the specific case of the Andean forests of Bogota
and the region, research should focus on experi-
menting with different native species desirable in
restoration processes as opposed to traditional crops
in the region, using soil characteristics, seed bank and
groups of indicator fauna as main indicators. On the
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other hand, it would be possible to experiment, at
the plot level, with mixtures of traditional crops of
the Cundinamarca-Boyaca highlands to identify the
best productive cycles and the best associations.

The investigation of fire ecology takes relevance,
since it is a disturbance that modifies the compo-
sition and structure of plant communities through
the responses and functional characteristics of the
species present at the site. In addition, fire interacts
with other types of disturbances, such as changes in
the hydroperiod or the introduction of exotic species
(Lopez-Rosas & Moreno-Casasola, 2012). Paramo
Pérez et al. (2018) found, under an experimental
design with controlled fires, that the intensity and
recurrence of fire influence natural regeneration in
Mexican forests. On the other hand, Carbone et
al. (2017) found similar results for Chaco forests in
Argentina.

Understanding that many of the non-tropical forests
are related to recurrent episodes of fire due to sea-
sonality, unlike the Andean and high Andean forests,
the behavior of seed banks and the response of native
and non-native species to different intensities and
frequency of fires could be evaluated experimentally
by carrying out experimental designs with controlled
burns or fires. Experimentation with fire events can
show prospective scenarios and based on these, man-
age or develop strategies for the management of
areas with increased fire regimes, either due to an-
thropogenic causes derived from population increase
or due to the effect of radiation and temperature
associated with climate change.

In terms of wildlife research, ecological integrity in-
cludes an enriched biodiversity, a flourishing inter-
action between plants and animals, and a dynamic
nutrient cycle. In this sense, it is necessary that
restoration projects not only focus on the recovery of
forest composition and structure, but also generate
attributes for fauna, especially those in charge of
dispersal or pollination. Juwarkar and Singh (2016)
found a close relationship of pollinators with specific
plant species or configurations in different restora-
tion scenarios. On the other hand, Alonso-F. et al.
(2017) manipulated characteristics of the habitat to
determine the desired quality to attract species with
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contrasting ecological requirements, such as Tapirus
pinchaque, Sturnira erythromos and Cebus albifrons.
Knowing the preferences of native fauna, especially
dispersers and pollinators, whether in terms of habi-
tat or simply food tastes, makes it easier for ecolog-
ical restoration processes to be comprehensive and,
therefore, more efficient and grounded in the natural
processes of an ecosystem.

Regarding the study of soil in relation to ecolog-
ical restoration, Wang et al. (2019) conclude that
the late reestablishment of a diverse microbiome in
soil may be critical for the restoration of functional
characteristics of plant diversity after anthropogenic
disturbance, so soil restoration should be a prior-
ity within ecological ecosystem restoration models.
Perkins and Hatfield (2016) tested different com-
mercial microbial compounds for soil improvement,
finding, that compounds that decrease fungal activ-
ity reduced vegetation growth in general, but the
effects on invasive species were much more severe.
Pizarro-Tobias et al. (2015) explored the use of
bioremediation and rhizoremediation techniques for
the restoration of soils vulnerable to erosion and
concluded that, in burned forests, the application
of bioremediation techniques increased the speed of
recovery of pre-fire characteristics. Koziol and Bever
(2017) found that the inoculation of mycorrhizae at
a specific concentration accelerated the vegetative
succession of the native forest in an area historically
used for grazing. Stavi et al. (2018) found that soil
turning or plowing processes favored the recovery of
some soil characteristics ideal for the establishment
of native cover. Finally, Wagner et al. (2014), through
plantations on soils with different characteristics, dis-
covered that the microbiota has a close relationship
with the phenological cycles of the vegetation that
develops there.

Experimental research on soil restoration techniques,
such as those mentioned above, does not involve
large investments of resources or time, but it does
have a great impact on the formulation of restora-
tion projects, especially in Andean and high Andean
ecosystems whose soils have been gradually degraded
by anthropic pressure.

Although there is a wealth of information regarding
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the flora, there are still several information gaps
that are important to fill. In this regard, genetic
diversity and structure have long been recognized as
critical for the maintenance of viable and resilient
populations and as raw material that determines the
ability of populations to respond to change and rep-
resents an important buffer against extinction (Rato
et al., 2015). In this sense, research on the genetics
of vegetation used in ecological restoration processes
provides tools for decision making to ensure better
performance of plantations and their coupling with
the forest matrix.

Deacon and Cavender-Bares (2015) analyzed the
response of the same species under different envi-
ronmental conditions within an altitudinal gradi-
ent in order to identify possible adaptations at the
local level. They found that no such adaptations
developed, indicating that there is the possibility
of using seed sources of species that grew under
different environmental conditions, without compro-
mising seedling survival. Despite this, not all species
have the same phenological plasticity, so this type
of studies should be applied in a particular way
by species and type of ecosystem. These results are
reaffirmed by Van Rossum et al. (2020) and Zavodna
et al. (2015), who found benefits from genetic mixing
of taxa from areas with different physical and envi-
ronmental conditions.

On the other hand, Kimball et al. (2014) tested
plantations with different functional groupings in
order to test their behavior in the face of plant
species invasion. As a result, they obtained a better
performance of plantations with greater functional
diversity, associated with resource utilization and/or
consumption strategies. However, it was not evalu-
ated in areas with soils degraded by invasive species
and/or previous agricultural processes, as is the case
of areas with invasion of Ulex europaeus in Andean
and high Andean ecosystems.

Finally, in terms of restoration studies at the land-
scape level, it is important to understand that re-
search should include as many of the components
or areas of knowledge described above as possible.
On the other hand, studies carried out can obtain
results in the short, medium and long term. However,
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experimental research necessary to obtain efficient
management tools requires long periods of time and
continuity in the lines of research to achieve effective
results that can be applied to restoration projects at
the landscape scale.

CONCLUSIONS

It is evident that most of the research is focused
on flora studies, leaving aside fundamental areas for
ecosystem restoration such as soil, fauna and the
socioeconomic component. The information gaps in
these areas of knowledge can be filled by experimen-
tal research. However, it is necessary to allocate more
resources to research, implementation and monitor-
ing strategies to measure the impact of ecological
restoration projects. In addition, the fact that infor-
mation is not publicly available limits the availability
of a broader spectrum of information to facilitate the
success of restoration processes.

In general terms, there are many gaps in knowledge
that are relevant to the success of ecological restora-
tion projects. In this sense, this lack of information
is not only due to the scarce experimental research,
but also to a low rate of publication of the results
of studies related to ecological restoration, which is
why it should be a policy of the different entities and
institutes that research should start from relevant
research questions and be carried out with sufficient
scientific rigor to qualify for publication in scientific
journals.
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