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Abstract: It is well known that large wood affects geomorphic processes and functions in rivers. It
enhances the quality of the habitat but it can also cause a threat to the population. These processes and
functions of the environment can be transformed into ecosystem (dis)services, which represent direct
or indirect (dis)benefits that the society obtains from nature. The goal of this paper was to describe the
current relations between large wood and ecosystem services and map the related knowledge gaps.
Firstly, we conducted a systematic literature review that was elaborated according to the six-stage
and PRISMA protocols and workflow diagram. We found 499 papers; however, only 137 were eligible
for the following analyses. Secondly, we made a transformation of research information from the
articles (n = 135) into ecosystem services. The highest number of ecosystem services detected in the
articles belonged to the regulation and maintenance section (n = 126), followed by the provisioning
(n = 15) and cultural (n = 11) sections. The detected classes with the highest frequency of studies were
specific habitat creation and increased channel heterogeneity. The findings show that the number
of research papers on this topic is still insufficient; however, anaylzing ecosystem services could be
useful to advocate the presence of large wood in the rivers.

Keywords: large wood; ecosystem services; research gap

1. Introduction

Over the past several decades, there has been a gradual increase in the publication
of research on large wood [1,2]. Large wood (LW) is defined as wood material that is
located in rivers or riparian zones and has defined dimensions that usually depend on
the channel width or other characteristics [3]. It has previously been observed that LW
in rivers influences geomorphic and ecologic aspects of the river [1]. First, LW in rivers
alters channel morphology—e.g., the configuration of riverbeds [4]—the stabilization of
riverbanks [5], the storage of sediment [6] and organic matter [7]. It was shown that LW
also affects water temperature [8]. In this way, LW provides a specific habitat for aquatic
fauna, e.g., macroinvertebrates [9,10], and fish populations. The list of the interactions
between LW and the environment would be quite long; however, it is not easy to collect all
bibliographic information from scientific databases because of the different terminology
used by individual scientists. One of the most commonly used terms is “large wood”;
however, other terms are also used, such as “log jam”, “deadwood”, and “woody debris”.
Therefore, the nonuniformity of the key term to indicate large wood can be problematic for
collecting all information about and knowledge of this phenomenon.

Ecosystem services (ES) can be defined as the ecological characteristics, functions, or
processes that directly or indirectly contribute to human well-being, that is, the benefits
that people derive from functioning ecosystems [11]. Originally, ES can be divided into
four main categories: provisioning services, regulating services, cultural services, and
supporting services. In our study, the common international classification (CICES V 5.1)
will be used. The CICES classification has a slightly different schema than the main classical
categories and includes three main biotic and abiotic sections: provisioning of material and
energy needs, regulation and maintenance of the environment for humans, and a cultural
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section, comprising those nonmaterial characteristics of ecosystems that affect the physical
and mental state of people [12]. These sections are divided into divisions, groups, and
classes. The advantage of this classification is the possibility of creating an originally
tailored class of ecosystem services. This can be used especially when some specific
components of the ecosystem, e.g., LW, are evaluated. In this sense, a previous work [13]
reported that there have been a few discussions about ecosystem services and LW.

We decided to conduct a systematic literature research (SLR) focusing on LW and ES.
In the past years, a literature review focused on large wood was already published [1];
however, the connection to ES was insufficiently captured. We performed a preliminary
SLR to identify possible problems and obstacles in our designed research. In this phase
of the research, we noted that there was a minimal number of papers focused on LW that
presented ES directly. Thus, we aimed to prepare for the possibility that only a small num-
ber of papers would present ES directly. Therefore, we decided to create a transformation
method of primary information based on the benefit transfer method of ES. This method is
usually employed in ES research when there is not enough time to collect all relevant data
or there is a lack of available information about the study site [14]. Similarly, we collected
information about large wood and the consequences of its presence and transformed it into
exact ecosystem services classified according to CICES. This solution dealt with possible
problems connected to an insufficient number of papers focused on LW and ES and also
provided a new way to obtain information about this research topic, especially, to gain
knowledge about the ES of LW. We bear in mind that this process is connected to a bias
of interpretation of the results and conclusions of the articles, but we assume that our
proposed method could help other researchers who are also mapping knowledge gaps.

The aim of our systematic literature review was to map the knowledge gap between
ecosystem services and large wood and carry out the following research tasks:

• To describe the current state of ecosystem services and large wood
• To identify the possible knowledge gap between ecosystem services and large wood
• To transform primary data from the literature to classified ecosystem services

2. Materials and Methods
2.1. Preparation for a Systematic Literature Research

We adapted the common method of SLR [15] of the six essential stages of work,
namely, the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA)
protocol with later adjustments, previously described [16] (Table 1).

Table 1. The six stages of the systematic literature review (adapted from [15]).

Stage Outcomes

Defined research question i. To describe the current state of ES and LW.
ii. Classification of data from the literature database for
ES classification.
iii. To identify a possible gap between ES and LW.

Design the plan of the research i. To prepare key terms for the research.
ii. To identify possible limitations of the research.

Search for the literature i. Search of the literature using key terms.

Criteria of search i. Apply PRISMA protocol and exact criteria to gain
eligible literature.

Results i. Apply quality assessment to the database of the literature
ii. Transformation of data for ES classification

Discussion and publication i. Synthesis of the data and publication to contribute to the
research on LW and ES.

For the search of relevant articles, we chose the literature database Scopus. The
PRISMA protocol is divided into four main steps: identification, screening, eligibility, and
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inclusion. According to our research goal, we added a fifth step, which extracted data
about ES from the evaluated papers and subsequently classified ES into 13 categories
according to CICES (Table 2). Categories were based on the knowledge provided by three
comprehensive reviews [1,13,17] and additional relevant articles summarizing complex
information about LW [18–21].

Table 2. The 13 categories of large wood according to the common international classification of
ES (CICES).

Name of Ecosystem
Service

The Presence of LW
Enable/Enhance Section CICES

Code

Increased channel
heterogeneity

Channel heterogeneity by
amount and orientation of LW

Regulation and
maintenance

5.2.2.1

Specific habitat creation Creation of unique habitat 5.2.2.1

Channel sediment flux Controls sediment flux and
accumulation 5.3.1.

Erosion control Control of possible river reach
erosion. 5.2.1.2

Invertebrates A habitat for population of
invertebrates 2.2.2.3

Flood regulation Flood risk and regulation 2.2.1.3

Organic matter input An input of organic matter (e.g.,
DOM) 5.3.2.

Water quality A quality of flowing water 2.2.5.1

Carbon sequestration To study a carbon sequestration 5.1.1.3

Fish provisioning A habitat for fish population Provisioning 1.1.4.1

Educational Possibility to study and train
knowledge

Cultural

6.1.2.1

Recreation Possibility to enjoy free time 6.1.1.1

Aesthetics Experience of beauty of the
environment 3.1.2.4

The goal of the identification section of the PRISMA protocol is to identify all articles
based on key terms and database searches (e.g., Scopus, Science Direct). The screening is
focused on skim reading and decision making based on specified criteria (e.g., defined year
or country of research). In this phase, duplicates are also excluded. The eligibility section
of the research is a challenging and time-consuming process because all articles are read.
Based on accurately defined criteria, some of the articles were removed from the research.
After this phase, the rest of the papers were prepared for data extraction from the database
and qualitative or quantitative analyses.

2.2. Key Terms of the Search

We created a search list of 28 key terms. The aim was to detect articles focused on
the connection between LW and ES. Search key terms were composed of two keywords.
The first keyword corresponded to LW and its synonyms (log jam, woody debris, large
woody debris). We found it very problematic to choose the right keywords because various
terms are used when referring to woody material in rivers. The keyword “large wood”
can be substituted by “log jam”, “woody debris”, and “large woody debris”. The second
keyword represented ES and words connected to this term (ecosystem services, regulation
service *, cultural service *, provisioning service *, ecosystem, gaps, approach, hazard, and
perception). In the case of “regulation service *”, “cultural service *”, and “provisioning
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service *”, we added an asterisk, which allowed us to swap “service” for “services” in the
search engine of the database.

2.3. Search of the Literature

We chose the Scopus database because it is an international and well-established broad
source of abstracts and citations. Data were collected twice, in December 2020 and May
2021. The whole process of data collection is described in Figure 1. We used title, abstract,
and keywords (TITLE-ABS-KEY) as the default search field. To achieve the best outcomes
of the search, we used criteria to exclude inappropriate articles. Articles that described LW
and its impact in a specific area of interest were considered eligible.

Figure 1. PRISMA flow chart for the SLR search of papers (adapted, original retrieved from [22]).

The criteria were that the literature should not be published prior to 1990 to allow us
to access all full papers. In this step, we excluded “gray literature” (conference papers,
reviews, book chapters) and languages other than English. In total, we recorded 499 articles
in the Scopus database and we used Scopus tools to convert data from the online database
to download them in *.CSV format and create an Excel database. We collected the name
of the authors, title of the study, year of publication, journal title, source, and language.
Based on our criteria, we eliminated gray literature (n = 96), articles in languages other
than English (n = 6), and literature published before 1990 (n = 2). For a more detailed
screening, 395 articles were prepared. From these, we eliminated 76 duplicate records. In
total, 319 articles were prepared for abstract reading. After abstract reading, 181 articles
were excluded because their main focus was different (e.g., dead wood in forests instead of
fluvial environment) or the key term used was vague or used insufficiently.

In some cases [1,2,13], it was a review that was not originally detected by the Scopus
database. In the case of debatable articles, we performed a cross-check reading. Finally,
138 studies were retained for detailed reading, analysis of the data, and classification of
ecosystem services.
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2.4. Process of Elaboration of the Data

Based on the Excel database, we made a systematic literature research database con-
taining information about the articles (year of publication, name of journal) and authors
(identity of the research team). After that, we collected data from each of the 138 articles
to capture all important data (Figure 2). We extracted information on whether ES data
of LW were presented directly; the duration of the research (inventory <1 year, monitor-
ing 1–3 years, project >3 years, and laboratory and numerical modeling); geographical
specifications of the research area (geographical location with continent and country of
the research, including only research with applied location and excluding laboratory and
modeling research without a particular studied locality); the purpose of the publication
(basic site research, management and policy, methodology); the main area of the research
focus (ecosystem function and processes, modeling of LW, river restoration, society); the
specific area of the research focus. Basic site research was characterized papers focused on
field survey with the goal of mapping LW and its characteristics. Management and policy
papers focused on recommendations on the inclusion of LW for river management, and
methodology papers described new methodological approaches mainly regarding field
surveys. These data were prepared for further ecosystem services classification.

Figure 2. Flow diagram of the process of data extraction from the papers.

2.5. Ecosystem Services Classification

Based on the findings of our preliminary research that very few articles presented
ES of LW directly, we decided to create our own ES classification from eligible articles
by a transfer of information. The transfer of information from the systematic literature
research database into ecosystem services categories was a challenging process. The first
step in this process was to prepare categories of ES for the following classification. Based
on our knowledge and the evaluated articles, we established 13 categories (Table 2). To
allow a broader public (e.g., ecosystem services economists) to work with the database, we
arranged each category according to the CICES database.

We extended the original CICES categories by adding two additional categories: influ-
ence on channel sediment flux and organic matter input. The regulation and maintenance
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section of the classification includes nine ES (increased channel heterogeneity, specific
habitat creation, channel sediment flux, erosion control, invertebrates, flood regulation,
organic matter input, water quality, and carbon sequestration); the provisioning section
consists of one ES (fish provisioning); the cultural section contains two ES (recreation
and aesthetics). In the second step, we examined each article that was accepted in the
previous evaluation (n = 138), especially focusing on the results and conclusions of the
paper. We classified each paper into the appropriate ES category (Table 2). Each paper
could be assigned to more than one category. We are aware that this process involved
a simplification, which will be discussed.

3. Results
3.1. Results of the Search of Eligible Articles

Based on the exclusion criteria, only 137 of 499 articles were eligible for SLR (Table 3),
which corresponds to 27% of the recorded literature. The main reason for excluding the
articles was its inappropriate source (n = 96; book chapter, review, or conference paper).
Only six articles were excluded because they were written in a language other than English
or because they were published before 1990. As seen in Table 3, key terms connected to
“provisioning service *”, “regulation service *”, and “cultural service *” resulted in 0 articles.
The second-lowest number of articles was obtained using the key terms “log jam” and
“ecosystem services” (n = 1) and “woody debris” and “cultural service *” (n = 1). Key terms
connected closely to ecosystem services provided a lower number of recorded articles
than more general key terms (e.g., ecosystem or hazard). The highest number of recorded
articles was retrieved with the key terms “large wood” and “ecosystem” (n = 170), followed
by “large wood” and “approach” (n = 115).

The number of annually published articles has been gradually increasing since 2000
(Figure 3). The highest number of papers (n =17) was published in 2019 and 2020, whereas
in 2001, the lowest number was published (n = 0). The number of ES is directly correlated
with the number of articles since 2017, when a high number of ES appeared. We suggest
that this can indicate a more holistic approach to research. Between 1990 and 2000, only
one article was published (1993). The authors of SLR articles were predominantly affiliated
with one country (n= 85) rather than to international teams (n = 52). The country with the
highest number of affiliated articles (including cooperation with other countries) was the
USA (n = 62), followed by the UK (n = 20), Switzerland (n = 20), and Spain (n = 16).

Figure 3. Time distribution of the published articles and detected ES per year (between 2000 and 2020).
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Table 3. The search terms and number of articles for each search (&—and, T—total found, G—grey
literature, A—articles, O—other language than English, Y—year of publishing <1990).

Name of the Key Term T G A O Y sum

“large wood” & “ecosystem services” 5 0 5 0 0 5
“large wood” & “ecosystem” 170 33 137 1 0 136

“large wood” & “gaps” 17 3 14 0 0 14
“large wood” & “approach” 115 25 90 4 2 84
“large wood” & “hazard*” 55 16 39 0 0 39

“large wood” & “perception” 12 2 10 0 0 10
“large wood” & “regulation service *” 0 0 0 0 0 0

“large wood” & “cultural service *” 0 0 0 0 0 0
“large wood” & “provisioning service *” 0 0 0 0 0 0

“log jam” & “ecosystem services” 1 0 1 0 0 1
“log jam” & “ecosystem” 22 4 18 0 0 18

“log jam” & “gaps” 3 1 2 0 0 2
“log jam” & “approach” 11 3 8 0 0 8

“log jam” & “hazard” 3 0 3 0 0 3
“log jam” & “perception” 0 0 0 0 0 0

“log jam” & “regulation service *” 0 0 0 0 0 0
“log jam” & “cultural service *” 0 0 0 0 0 0

“log jam” & “provisioning service *” 0 0 0 0 0 0
“woody debris” & “ecosystem services” 53 7 46 0 0 46

“woody debris” & “perception” 22 0 22 1 0 21
“woody debris” & “provisioning service *” 0 0 0 0 0 0

“woody debris” & “regulation service *” 0 0 0 0 0 0
“woody debris” & “cultural service *” 1 0 1 0 0 1

“large woody debris” & “ecosystem services” 4 2 2 0 0 2
“large woody debris” & “perception” 5 0 5 0 0 5

“large woody debris” & “regulation service *” 0 0 0 0 0 0
“large woody debris” & “cultural service *” 0 0 0 0 0 0

“large woody debris” & “provisioning service *” 0 0 0 0 0 0
sum 499 96 403 6 2 395

* Allowed us to swap “service” for “services” in the search engine of the database.

3.2. General Results and Geographical Aspects of the Systematic Literature Research

Of 137 articles, only 2 articles directly presented ES of LW. The remaining 135 articles
included raw data ready for transformation into ES. The results showed that 104 articles
were field inventories, and 33 were laboratory works (including physical and numerical
modeling). Articles based on field inventories and experiments were classified based on
the duration of the research, namely, <1 year, (n = 52), 1–3 years of monitoring (n = 32),
and projects with a duration of research >3 years (n = 20). The articles from Asia were only
from three countries (India, China, and Japan). Table 4 shows that in Asia, Africa, and
South America, a minimal number of investigations were conducted, in contrast to North
America and Europe. The country with the highest number of research studies was the
USA (n = 49), followed by the UK (n = 11). We found that 69% of the recorded articles
were focused on basic site research (n = 94). Only 25% (n = 33) of them were focused on
methodological development, and 7% (n = 10) were focused on management and policy.
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Table 4. Geographical distribution of research sites globally.

Type of Research Number of Conducted Research

Field inventory
North America 55

Canada (6), USA (49)
Europe 64

Greece; Portugal (1), Czechia; Russia (2), Austria; Sweden (3), Switzerland (4), Germany (5),
France; Poland (6), Italy; Spain (10), UK (11)

South America 8
Bolivia (1), Chile (7)

Australia and Oceania 9
New Zealand (2), Australia (7)

Asia 9
China; India (2), Japan (6)

Africa 1
South Africa (1)

Laboratory circumstances
PC Modelling 5

Laboratory 11

3.3. Results of the Key Area and Specific Area of Research

First, we classified each article depending on its key area of research. The highest
number of articles were classified as ecosystem function and processes (n = 61), followed
by modeling of LW (n = 38), river restoration (n = 25) and society (n = 13). The dominant
purpose of ecosystem function and processes articles was basic site research (n = 53), which
shows that ecosystem function and processes is not well connected to management and
policy or to methodological development. For modeling of LW, the highest number of
studies were on methodological development (n = 26). This corresponds to the fact that
modeling LW is a new area of research where methodological development is crucial for
the progress of the discipline. The main purpose of river restoration articles was basic
site research (n = 24). This is because many of the river restoration articles focused on the
particular effect of LW by comparing the river state before and after LW installation. The
key areas of research society were basic site research (n = 6) and management and policy
(n = 6), reflecting the process of integrating the knowledge of LW into the management and
policy of river stakeholders, e.g., cities, urban planners, and others.

Figure 4 presents an overview of the specific research areas. Most of the papers classi-
fied into ecosystem function and processes were on geomorphology/habitat (n = 44). We
found it interesting that only a small number of articles were focused on the chemical
aspects of LW (n = 3). We consider this topic important because it regards water quality
and carbon sequestration. Numerical modeling (n = 15) was more used than laboratory
modeling. A considerable number of articles (n = 14) combined numerical modeling with
another type of research, e.g., laboratory experiments that were later tested in the field.
The highest number of articles categorized as river restoration focused on geomorphol-
ogy/habitat (n = 17), and only few articles considered the flood risk of river restoration
(n = 1). As shown in Figure 4, the society papers included the flood risk (n = 4), perception
of LW (n = 8), and history of LW research (1) categories.
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Figure 4. Categories of key areas of research and article distribution.

3.4. Transformation of Information into ES Classification

We summarize the results obtained from the transformation of information from the
articles into ES. First, we calculated the number of articles relevant to each category. If data
from one article were appropriate for two categories, we classified the article into both.
The highest number of articles was classified in the regulation and maintenance section
(n = 125), followed by the provisioning section (n = 16), and the cultural section (n = 11).
The geographical distribution of the detected ES section was disproportional (Figure 5).
Figure 5 shows the geographical distribution of ES sections on each continent.

Figure 5. Geographical distribution of sections of ES based on SLR.
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Focusing on individual ES classes from each section (Figure 6), the highest number
of articles was classified in the specific habitat creation (n = 76) and increased channel
heterogeneity (n = 60) classes from the regulation and maintenance section. The lowest
number of articles was in the carbon sequestration class (n = 2). The provisioning section
was represented only by fish provisioning (n = 16) and included articles that focused on
the different effects of LW on the fish population. The cultural section included aesthetics,
recreation, and education. We found that aesthetics and education were associated and
appeared together six times. The lowest number of articles involved recreation (n = 3),
which reflects the limited interaction between LW and society.

Figure 6. Distribution of ES in different sections (n corresponds to the sum of the detected ES classes in the examined articles).

4. Discussion
4.1. Systematic Literature Review Process

Our SLR aimed to assess the current knowledge of ES related to LW. Additionally,
we mapped existing knowledge gaps in this research. SLR indicated that LW and ES are
not sufficiently associated. The results showed that there was a minimum of articles that
directly focused on the ES of LW (n = 2). The rest of the eligible articles contained data
from which raw information could be transformed into ES. The process of transformation
and classification of the recorded articles can be very challenging, although we noticed
it is effective in describing the ES associated with LW. We identified a few gaps and
limitations in the relationship between ES and LW. The first limitation is represented by the
search process itself and the key terms used. The second limitation regards the process of
transformation and its possible simplification. Finally, we found an unequal geographical
distribution of ES.

At the beginning of the process, we defined keywords and key terms. However, we
noticed a terminology problem. First, key terms are in the title, abstract, or keywords;
“large wood” [23] or “woody debris” [24] are used in different articles. The key term
“large wood” was found in the title of articles in the SLR database 63 times. Some articles,
first published in 2000, used different keywords, e.g., in-stream wood and in-channel
wood [25]. We noticed that some key terms had no recorded articles, especially when they
were connected to ecosystem services and their sections. This suggests a lack of research
on these two topics. The only record found was “woody debris” AND “cultural service *”,
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but unfortunately, the article [26] regarded the forest ecosystem and its ES; thus, it was
not included in the eligible literature. The highest number of recorded publications in
the literature was obtained using the terms “large wood” and “ecosystem” (n = 170) and
“large wood” and “approach” (n = 115). However, from the “large wood” and “ecosystem”
search, only 33% of the articles were considered eligible for SLR. For the terms “large wood”
and “approach”, only 29% of the articles were eligible. In both cases, more than half of the
recorded articles were considered ineligible.

SLR can have other limitations and biases. In our SLR, we minimized these problems
by using proper protocols and methodology. The first limitation concerns the whole
process of SLR. The process of SLR can be disorganized because it is not easy to deal
with a high number of articles. Because of this issue, we used a protocol that provided
transferable, transparent, and time-efficient work [16,22]. In addition, we created a six-step
protocol and conducted preliminary research [15]. Preliminary research is always crucial
for a successful research [27]. In our case, it highlighted the limits of our SLR, especially
the small number of articles that directly presented the ES of LW. Therefore, we could
prepare for this limit. The second limitation (bias) was the choice of the eligible literature
and its extraction to the SLR database. We minimized the possibility of subjective judgment
by creating criteria for eligible literature. Selected articles were read twice, and we cross-
checked the disputed papers. The last possible limitation of our results was linked to
transferring the ES from each article. In this process, we used cross-checked reading and
classification to one of the 13 prepared categories. This process was performed by two
different investigators. A relatively large number of categories were used to prevent the
possibility of oversimplification of the ecosystem processes and functions.

4.2. The Current State of the Relationship between ES and LW

Based on our SLR database, we discovered that the number of published articles
each year slightly increased, although between 1993 and 2000, only one article was found.
Our findings of the annual number of articles correspond to the results of a previous
study [2], reporting a graph of the annual number of articles using the keywords “wood”
and “river”, and to the other published findings [1]. In both cases, there was a slight
increase in the number of published articles each year during the past two decades, which
shows that the scientific community has been gradually attributing more importance to
LW. Regarding the demonstration of ecosystem services, most of the papers presented it
indirectly. Based on [13], this outcome could be expected, as it was noted that ecosystem
services are not sufficiently associated with LW. However, we did not expect that the ratio
would be 135:2 (indirect/direct). In addition, as [11] noted, the greatest number of papers
on ecosystem services (in all environments) were published after 2012, which was linked
to the establishment of the journal Ecosystem Services. We think that the current stage of
the research on ES and LW is at the beginning, and that more effort can be expected to fill
this knowledge gap.

Most of the studies were conducted by a team from one country (n = 85), and interna-
tional collaborative teams were less common (n = 52). We encourage more international
research that would bring together different perspectives on the same topic. The calculation
of all affiliated countries highlighted that the USA (n = 62) had the highest number of team
affiliations, followed by the UK (n = 20) and Switzerland (n = 20). The greatest number of
papers published in the USA corresponds to the long tradition of using LW in restoration
projects and pioneering works in the Pacific Northwest focusing on relations between
LW, geomorphic processes, and the function of ecosystems. The geographical distribution
of the research sites was very disproportional. Ref. [1] and [28] noted that the majority
of the research is conducted in North America and Europe. In our SLR, we discovered
that the highest number of site studies was carried out in Europe (n = 68) and North
America (n = 55). At the country level, the USA was, unsurprisingly, dominant (n = 49),
followed by the UK (n = 11), Italy (n = 10), and Spain (n = 10). We found that there were
a few papers that focused on Asia (n = 9) or Africa (n = 1). Ref. [1] observed that only
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a few exemplars are located on these continents. Ref. [13] recommended more regional
and location-specific field studies. Therefore, we call for more research in global regions
with insufficient data because it is important to fill knowledge gaps on various processes
connected with LW based on different hydrological regimes, characteristics of riparian
vegetation, and social perceptions.

We discovered that the greatest number of articles were related to ecosystem functions
and processes, with a specific focus on geomorphology and habitat. This is in agreement
with a review [28] that found that the highest number of articles were focused on regulating
services. We also found that basic site research dominated. It was pointed out that there is
a great urgency for more studies focused on the management and policy of LW [1,2,13]. This
also aligns with [14] that noted that there is a need for research connecting primary data
and policymakers. In our SLR, we detected that only in the society research area did 46% of
articles put their attention on management and policy. In terms of ecosystem function and
processes, only 10% of all papers focused on management and policy. Management and
policy are very important topics because they reflect society’s conditions and perceptions,
e.g., flood risk connected to LW [29].

4.3. Process of Classification of ES Provided by LW

The process of transformation and classification required an accurate methodology
and understanding of the function of LW in fluvial geosystems. This process was inspired
by the benefit transfer method, which is used in ES research. This method is quite popular
in the process of working with ES and allows filling research gaps by using primary data
from one location and applying them to another [14,30]. Moreover, it is a time- and cost-
effective method [30]. In our SLR, we transferred the primary data of ecosystem processes
and functions described in the articles into CICES classifications (sections and classes). The
benefit transfer method requires following rules to exclude possible biases [30]. Notably,
only two articles showed ecosystem services directly. The first article was about the carbon
sequestration ES of large wood and riparian vegetation in Australia [31]. However, we
considered that only another article [32] adopted a holistic approach, which included
a description of the state, monitoring, and valuation of ES. The raw data from the rest of
the articles (n = 135) were transformed and classified as ES.

The detected geographical research gap of SLR (Africa and Asia could be considered
a little-known area) was also found for the areas of ES; however, there were geographic
differences. In North America, Europe, and Asia, all three sections of ES were included. In
Africa and South America, only the regulation and maintenance section was considered. In
Oceania and Australia, the regulation and maintenance and provisioning sections were
detected. It is important to extend the research on other ES sections in these continents.
Focusing on a section of ES, most of the articles were classified within the maintenance and
regulation section. This result was expected if we consider the fact that the highest research
focus (of SLR) was ecosystem function and processes. This corresponds to [2] that stated
that most of the research focused on field inventories to map the functions and processes
of LW. In the context of ES, [33] noted that regulation and maintenance ES are not so well
perceived by individuals. Therefore, on the one hand, it is very positive that research on
LW disposes of this knowledge, which can be easily assessed (e.g., benefit transfer method).
On the other hand, it is necessary to transform this knowledge for the relevant audience,
policymakers, and stakeholders. If we connect it with the geographical distribution of
research, we could say that we have a solid basis for the benefit transfer method applied in
Europe and North America. This could be used especially in river management and policy.
Focusing on the number of classes in the ES sections, the highest number of papers was
found for habitat creation (n = 76) and channel heterogeneity (n = 60). The lowest numbers
were observed for carbon sequestration (n = 2) and recreation (n = 4). This implies that
classes with lower numbers of studies should be investigated more deeply to better present
the benefits of LW for the society. It is important to understand the interpretation of the data
because ES are often misinterpreted [33]. From the beginning of our investigation, the goal
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was to identify the connections and gaps and, thus, to find the strengths and weaknesses
in the relationship between ES and LW. A strong aspect of this study is the availability of
sufficient primary (raw) data, which could be used in the process of ES transformation
and evaluation. A weakness that can be highlighted is an insufficient connection of the
framework of ES and LW as an important component of fluvial systems: this was also
reflected by the low number of articles recovered that focused on LW management.

In our SLR, we created an overview of ES from eligible literature. We described the
frequency and geographic distribution of the research and detected ES. The remaining
question is how to continue in this process. We assume that at this moment, it is important
to create a methodology that could directly evaluate the ES of LW. This could help to
develop important knowledge about the presence/absence of LW and its ES depending
on the volume of LW and the geographical location of the research, as well as on other
important characteristics. Another possible solution to fill the research gap is to establish
a multidisciplinary team of researchers. Unfortunately, in many cases, research teams
consist of specialists in one or two disciplines with insufficient overlap to other disciplines,
e.g., ecosystem services or urban planning. The cooperation of specialists from different
study fields could result in much more complex research with understandable goals and
the same terminology. A good example are papers in which the demonstration of ES was
direct, e.g., [32]. In this paper, the authors created complex research with a synthesis of the
results. The presence of LW is an issue not just for fluvial geomorphologists, biologists,
ecologists, or risk experts but also for urban planners, ecosystem services practitioners, and
sociologists. One of the possible reasons why these experts do not work together is that
their perceptions of the LW are different. Previous research [34] highlighted differences in
the perception of LW by the university students. It clearly showed cultural and education
bias due to different students’ background. We believe that one of the ways to break
this bias is via further expanding internet communication channels. Social media, data
sharing, or online webinars allow changing perception and sharing best practices between
practitioners. They can connect experts from different fields with the same interest and,
moreover, represent a way to make a holistic approach to the very complex phenomenon
of LW (and ES).

5. Conclusions

The purpose of this study was to determine the current state of large wood research
and its application in the framework of ecosystem services at the global level. We found that
there were not enough articles about the ES of LW, and only two articles were considered
direct presentations. The rest of the findings of the articles were successfully transformed
and classified according to the CICES database.

The most frequently detected ES belonged to the regulation and maintenance sections,
followed by the provisioning and cultural sections. The main purpose of the articles
was basic site research; neither methodology nor management and policy of LW were
discussed frequently. The geographical distribution of LW research was nonuniform, and
North America and Europe were predominant. Most of the articles were affiliated with
researchers from one country; therefore, more international collaboration is needed to
increase the transfer of knowledge and management practices. Our findings could be used
as a basis for future research, e.g., benefit transfer method or implementation into some
methodology for policymakers. They clearly show the importance of more holistic articles
integrating processes with society (e.g., the general public, policymakers, and stakeholders)
and translating research to practice.
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