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Abstract: There are two barriers to accomplishing restoration of ecosystems: insufficient information
about historical baselines to guide restoration, and shifts between the actual baselines and perceptions
about historical conditions. These two conditions generate a phenomenon called shifting baseline
syndrome (SBS). Our study systematically reviewed and quantitatively analyzed the SBS studies.
There is an increase and subsequent stabilization in the number of publications, 32% of scientific
articles added new information and 5% of them delivered biological and social information required
to demonstrate the SBS presence. Meta-analysis conducted showed an inconsistency between
biological and social data. The inclusion of a greater amount of species in the biological data
compared to social data produced the inconsistency. There must be an improvement in reporting both
biological and social information to assess SBS. The integration of both sources of information would
also enhance the success of restoration projects. The consideration of perceptions about resource
users are also in accordance with global agreements about sustainable use of natural resources and
ecological restoration.

Keywords: ecological restoration; environmental assessment; environmental perceptions;
historical ecology; meta-analysis; biodiversity conservation

1. Introduction

One of the challenge faced by humanity to achieve sustainability is to recover ecosystems damaged
historically through ecological restoration [1]. To do it, a key issue for the actions taken to restore an
ecosystem is to assess a target to aim at, which should represent the original or historical environmental
condition or ecosystem functions prior to a perturbation. The setting of such a baseline is complex
because of at least two factors: first, if there are gaps of historical data field-based assessments,
information must rely on indirect sources, many of them scattered and difficult to compile. For example,
paintings, historical documents, and narratives have been used for evaluating temporal changes in
environmental conditions [2,3]. The reliance on these qualitative sources leads to the second issue,
the changes in individual or collective perceptions regarding what conditions characterize an ecosystem
prior to a perturbation. These two factors combined produce a phenomenon described as shifting
baseline syndrome (SBS; Figure 1). Thus, the shifting baseline syndrome is defined as a downward
shift in perceptions or expectations of an environmental baseline as a consequence of a biological
change [2,4] (Figure 1). The SBS could be either through personal or generational amnesia, i.e.,
a change in perceptions experienced by a person in their own life or a change in perceptions among
generations [5]. According to Papworth et al. (2009) [5], two conditions must exist to demonstrate the
existence of an SBS: a biological change must be present and a concomitant change in environmental
perceptions must occur, either age or experience-related (Figure 1).
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Figure 1. Three pathways of restoration and subsequent steps to decide a reference condition. In (A) 
there is an ideal scenario where information about a baseline prior a perturbation is available; in (B) 
no information about a baseline is present, using both biological and social data to restore an 
ecosystem; in (C) shifting baseline syndrome (SBS) is occurring, producing an ecosystem with a 
shifted baseline. 

Recognizing the presence of SBS has critical implications for restoration projects which, at the 
same time, will impact conservation actions and sustainability of ecosystems [6]. Thus, when there is 
information about ecosystem baselines prior to a perturbation, the restoration targets can be 
recognized, avoiding impoverished conservation status (Figure 1). Therefore, avoiding the effects of 
SBS, that is, misunderstand ecosystem baselines prior to a perturbation, will ultimately imperil the 
success of ecological restoration for two reasons: first, the actions will address a transformed target 
to restore (e.g., [7]) and second, the projects can overlook a mismatch between restoration goals and 
resource user’s perceptions about that restoration goal. Concerning the first one, for example, 
declined populations can be considered as populations in an adequate conservation status by 
resource users and decision-takers, generating a failed template for restoration projects. When there 
is no documentation of these modifications, ecosystems may be led to an impoverished state since 
there is no target based on environmental states prior to a perturbation to restore the ecosystem of 
interest, provoking a SBS. This ultimately generates ecosystems characterized by the accumulation of 
a long history of use and anthropogenic transformations [8–11]. According to the above mentioned, 
a better documentation of SBS about biological changes and the subsequent lack of awareness about 
prior ecosystem status will allow scientists to design more efficient restoration programs. The 
documentation of resource user’s perceptions will provide information in order to both recognize the 
presence or absence of SBS and generate support for restoration and conservation measures [12–14]. 

Concerning the second reason, that is, the projects can overlook a mismatch between restoration 
goals and resource user’s perceptions about that restoration goal [15], if not well-identified, the 
mismatch can generate a conflict among the scientists/technicians and resource users, reducing the 
restoration success. For example, Wu et al. (2009) [14] report the inefficacy in restoring ponderosa 
pine forests in California, USA, due to the difference between people’s perceptions and restoration 

Figure 1. Three pathways of restoration and subsequent steps to decide a reference condition. In (A)
there is an ideal scenario where information about a baseline prior a perturbation is available; in (B) no
information about a baseline is present, using both biological and social data to restore an ecosystem;
in (C) shifting baseline syndrome (SBS) is occurring, producing an ecosystem with a shifted baseline.

Recognizing the presence of SBS has critical implications for restoration projects which, at the
same time, will impact conservation actions and sustainability of ecosystems [6]. Thus, when there
is information about ecosystem baselines prior to a perturbation, the restoration targets can be
recognized, avoiding impoverished conservation status (Figure 1). Therefore, avoiding the effects
of SBS, that is, misunderstand ecosystem baselines prior to a perturbation, will ultimately imperil
the success of ecological restoration for two reasons: first, the actions will address a transformed
target to restore (e.g., [7]) and second, the projects can overlook a mismatch between restoration goals
and resource user’s perceptions about that restoration goal. Concerning the first one, for example,
declined populations can be considered as populations in an adequate conservation status by resource
users and decision-takers, generating a failed template for restoration projects. When there is no
documentation of these modifications, ecosystems may be led to an impoverished state since there is
no target based on environmental states prior to a perturbation to restore the ecosystem of interest,
provoking a SBS. This ultimately generates ecosystems characterized by the accumulation of a long
history of use and anthropogenic transformations [8–11]. According to the above mentioned, a better
documentation of SBS about biological changes and the subsequent lack of awareness about prior
ecosystem status will allow scientists to design more efficient restoration programs. The documentation
of resource user’s perceptions will provide information in order to both recognize the presence or
absence of SBS and generate support for restoration and conservation measures [12–14].

Concerning the second reason, that is, the projects can overlook a mismatch between restoration
goals and resource user’s perceptions about that restoration goal [15], if not well-identified,
the mismatch can generate a conflict among the scientists/technicians and resource users, reducing the
restoration success. For example, Wu et al. (2009) [14] report the inefficacy in restoring ponderosa
pine forests in California, USA, due to the difference between people’s perceptions and restoration
practitioners about the ecosystem restored, which, from an ecological perspective, implies a decrease
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in ponderosa pine density. Therefore, recognizing SBS can give us evidence about both the biological
change and the social perceptions of that environmental change, contributing to the achievements of
restoration goals [14,16].

After more than 20 years of the SBS concept emergence, while some studies have reviewed
the issue [17], no quantitative analysis has been made about the literature that has considered the
phenomenon. There is an urgent need to evaluate the extent of the phenomenon. Additionally,
while we understand that the issue deserves many descriptions and concepts to refer to it, the analysis
has a methodological facility to work with a specific definition, facilitating the subsequent literature
research. Thus, the present study reviewed the scientific literature that emerged about SBS with
the objective to evaluate the amount of studies and how those studies have tackled the issue to
evaluate its presence to, ultimately, avoid it. To do it, a meta-analysis was conducted in order
to assess quantitatively the components of SBS: abundance measured (hereafter biological data),
which corresponds to information calculated by scientific or technical groups; and one for abundance
perceived (hereafter social data), which corresponds to information obtained from resource users (e.g.,
fishers, game hunters among others). The meta-analysis as a conservation tool has been recognized
to support better conservation decisions [18]. In our study, the meta-analysis represent a useful
tool to evaluate the quantitative information of both biological and social data presented in SBS
studies. If a SBS phenomenon is occurring, a change should have happened in the ecosystem
with lack of awareness about that changes. Ultimately, the meta-analysis can show the trends of
biological and social information that emerged from these studies, intending to improve the success of
restoration projects.

To accomplish our objective, first we systematically reviewed the literature following the
conditions developed by Papworth et al. (2009) [5] to recognize the presence of SBS. Additionally,
we analyzed the main trends of literature published to characterize research about SBS. Second,
through a meta-analysis, we assessed quantitatively the evidence emerged from biological data,
i.e., information that was taken the field and; social data, i.e., information recorded about people’s
perceptions of environmental conditions. If changes at the global scale in the environment have been
reported [19–21], then, we expect a biological change showed in the meta-analysis, which represents a
basic condition for the presence of SBS. We also expect a concomitant perception of those changes by
local communities evidenced in the meta-analysis.

2. Methods

In order to identify the main trends of publications related to SBS to then conduct a quantitative
analysis through a meta-analysis to those studies that showed biological and social information,
we conducted a review of the literature published. To do it, the literature search was composed
of three phases. In the first phase, we systematically reviewed the scientific literature. The online
platform Web of Knowledge was used using the advanced search through the code, TS = (“shifting”
AND “baseline*”). The search was conducted in three periods: December 2016; December 2017;
and December 2018 and encompasses all the literature since the emergence of the concept of SBS
(year 1995 to December 2018). A second phase consisted in filtering the publications that were related
to the topic of research. Two criteria were used to include them into the review: (1) the publications
cited Pauly (1995) [2] and/or Sheppard (1995) [3] or (2) the publication mentioned explicitly the
concept of “shifting baseline syndrome”, acknowledging, at least, its importance in restoration or
conservation issues. Once selected, the third phase consisted in grouping the studies according to
their approach for the topic. Three groups were formed: (1) scientific articles that only mentioned
the concept without engaging in new empirical analysis; (2) scientific articles that mentioned the
issue and added new data of biological or social information (e.g., peoples’ perception) to evaluate
environmental changes; and (3) scientific articles that showed both biological and social measurements
of the species or ecosystem studied, being able to analyze them quantitatively through a meta-analysis.
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Concerning scientific articles that added new data, that is, scientific articles that fulfill the point (2),
we analyzed their temporal trends to see the amount of scientific production. We also analyzed the
main ecosystems and biomes studied, and taxa that were considered in the studies to see if there is a
taxonomic bias in the description of the phenomenon.

The scientific articles that fulfilled the point (3) above mentioned were submitted to the
meta-analysis. Only studies reporting mean and standard deviation of field data about the two
dimensions (biological and social data) were included in the meta-analysis using Hedge’s unbiased
standardized mean difference [22,23], which is a measure of the difference between the group means
using averages and measures of variance (generally mean and standard deviation). Specifically,
two meta-analyses were conducted: one meta-analysis to analyze information about changes in
abundance of species and the second one to analyze the information about changes in perceptions
of resource users. Hence, two information dimensions were extracted from the studies: biological
data and social data. In biological data, we compared two different time span: oldest and most recent
data, reconstructing it from available information in each paper or from studies cited by the study.
Engauge Digitizer v. 4.1 [24] was used to recover information from graphs presented in the studies if
necessary. Abundance or relative abundance, biomass, landings, capture per unit effort or some proxy
of the abundance were included. Additionally, biological data was grouped by ecosystem (aquatic and
terrestrial), and time of data set (more than 30 years and less than 30 years as a reference of a human
generation time; [25]). In social data, we compared two different categories: abundance reported by
older users (older data) and by younger users (recent data). Best day’s catch, largest individual caught,
capture per unit efforts, or some index of abundance were included (such as sites depleted or new
target species). Here we only analyzed the overall effect, without grouping data.

Confidence intervals of effect sizes were estimated and their variance by bootstrapping
(4999 iterations); P-values were estimated using a randomized effect categorical model as we cannot
assume there is one true effect size shared by all studies, with categorical variables (in the case of
biological data) or without it (in the case of social data). Heterogeneity of effect sizes was tested through
Q-statistics [23]. The null hypothesis is that all effect sizes are equal. Thereby, the test is comparable to
ANOVA, in which a significant Q statistic indicates that the variance among effect sizes is greater than
expected by sampling error [23]. We conducted a test for publication bias through Spearman rank and
Rosenthal’s fail-safe number method [26], which, according to Harrison et al. (2011) [27] represents the
number of unpublished studies or hidden studies with an effect size of zero that would have to exist
in order to make our significan result likely to be due to sampling error rather than any real effect of
the experimental treatment. The more common bias in journals is the selection of publication that have
significant differences, causing a deficit of studies with non-significant differences.

Significant differences in the meta-analysis were detected when the effect sizes were positive or
negative and at the same time, the ±95% CI does not include the 0 value. Meta-analysis and related
tests were conducted using the meta-analytic program MetaWin 2.0 [23].

3. Results

Since the term was coined, there has been a steady increase in the number of scientific articles
related to SBS. We found 152 publications between 1995 and 2017, with a peak of 20 publications in
2012 and 2014. Of the 152 studies, 82% (124 publications) deal with aquatic environment and 28%
(42 publications) with terrestrial ecosystems (Figure 2; see Table S1 in Supplementary Materials for
full listing of retrieved articles). It is worth noting that 12 publications dealt with both aquatic and
terrestrial ecosystems. Thirty-two percent of publications (48 publications) added new data to test the
presence of SBS, through measuring the perception of people regarding a biological resource or adding
new empirical testing about the resource or resources studied (Table S1).
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When we analyzed only the publications that added new data in aquatic ecosystems, we found 
that coastal ecosystem (35 publications) was the most frequently analyzed aquatic biome, followed 
by coral reefs (19 publications), open ocean (12 publications), and freshwater ecosystems (8 
publications). In terrestrial ecosystems, studies were performed primarily in tropical forests (8 
publications), temperate forests (7 publications), mediterranean vegetation (7 publications), 
temperate grasslands (3 publications), and boreal forests (3 publications). 

In the same way, by analyzing publications that added new data in terms of taxon studied, 
aquatic vertebrates, mainly bony fishes (41 publications), were the most frequently studied taxon, 
followed by aquatic invertebrates (22 publications), aquatic mammals (7 publications), and aquatic 
reptiles (5 publications). In terrestrial ecosystems, plants were studied by 10 publications, mammals 
were studied by eight publications, birds were studied by five publications, and vertebrates in 
general (specifically game animals) were studied by one publication. 

For the meta-analysis conducted, only 5% (8 publications) offer empirical evaluation of species 
abundances, both reporting biological and social data (Table S1); seven publications from aquatic and 
one from a terrestrial environment. Five of these eight articles covered less than or equal to a 30-year 
period and three spanned over more than 30 years. For the meta-analysis carried out for biological 
data, we did not find publication bias (rs = −0.642; p = 0.086) and the Rosenthal’s safe number (i.e., the 
number of additional negative publications needed to change results of the meta-analysis from 
significant to non-significant results) was 25.5 [19,20]. There were no significant differences in the 
assessed abundance for the overall effect size, because the effect size included the 0 value (Figure 3), 
but there was significant heterogeneity between the overall studies analyzed (Qbetween = 22.43; p = 
0.002). Further, there were no significant differences between years of data (Qbetween = 0.038; p = 0.916). 

Figure 2. Trend of scientific publications referring to the shifting baseline syndrome. Left axis:
number of publications in aquatic ecosystems (black bars) and terrestrial ecosystems (gray bars);
right axis: cumulative number of publications (points).

When we analyzed only the publications that added new data in aquatic ecosystems, we found
that coastal ecosystem (35 publications) was the most frequently analyzed aquatic biome, followed by
coral reefs (19 publications), open ocean (12 publications), and freshwater ecosystems (8 publications).
In terrestrial ecosystems, studies were performed primarily in tropical forests (8 publications),
temperate forests (7 publications), mediterranean vegetation (7 publications), temperate grasslands
(3 publications), and boreal forests (3 publications).

In the same way, by analyzing publications that added new data in terms of taxon studied,
aquatic vertebrates, mainly bony fishes (41 publications), were the most frequently studied
taxon, followed by aquatic invertebrates (22 publications), aquatic mammals (7 publications),
and aquatic reptiles (5 publications). In terrestrial ecosystems, plants were studied by 10 publications,
mammals were studied by eight publications, birds were studied by five publications, and vertebrates
in general (specifically game animals) were studied by one publication.

For the meta-analysis conducted, only 5% (8 publications) offer empirical evaluation of species
abundances, both reporting biological and social data (Table S1); seven publications from aquatic
and one from a terrestrial environment. Five of these eight articles covered less than or equal to
a 30-year period and three spanned over more than 30 years. For the meta-analysis carried out
for biological data, we did not find publication bias (rs = −0.642; p = 0.086) and the Rosenthal’s
safe number (i.e., the number of additional negative publications needed to change results of the
meta-analysis from significant to non-significant results) was 25.5 [19,20]. There were no significant
differences in the assessed abundance for the overall effect size, because the effect size included
the 0 value (Figure 3), but there was significant heterogeneity between the overall studies analyzed
(Qbetween = 22.43; p = 0.002). Further, there were no significant differences between years of data
(Qbetween = 0.038; p = 0.916).
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but analysis of studies with social data suggest a significant decline from baseline conditions (Figure 
3). 
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relatively weak. To demonstrate the existence of a SBS, a biological change must be present and a 
concomitant change in environmental perceptions must occur, either age or experience-related [5]. 
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publications that cited SBS through time (Figure 2) increased until 2013. By analyzing the scientifc 
articles that added new empirical data (group 2 of the Table S1), there is a bias toward aquatic 
ecosystems compared to terrestrial ecosystems. The bias is also repeated in publications analyzed by 
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Figure 3. Hedge’s d mean effect sizes ±95% CI of biological data, depending on the temporal data
(more than 30 years and less than 30 years of information) or the overall effect; and social data overall
effect. Number in brackets represent number of scientific articles included in each analysis. Dashed line
represent the 0 value and when the effect size include the 0 value, there is no significant differences.

Regarding social data, the same eight publications were analyzed. There was no publication bias
(rs = −0.55; p = 0.125) and Rosenthal’s fail-safe numbers was high compared to sample size (783.7),
suggesting that the data were robust. There was no significant heterogeneity (Qbetween = 8.41; p = 0.39)
but analysis of studies with social data suggest a significant decline from baseline conditions (Figure 3).

4. Discussion

Despite its relevance for policy and practice, the reported empirical evidence for SBS has been
relatively weak. To demonstrate the existence of a SBS, a biological change must be present and a
concomitant change in environmental perceptions must occur, either age or experience-related [5].
Studies that mention the issue increased during the last 20 years, but there is a paucity of studies that
effectively included empirical testing, consequently, there is poor information identifying contexts in
which SBS has occurred.

4.1. Analysis of Scientific Papers about SBS

The trend in publications that took into account the phenomenon, assessed by the number of
publications that cited SBS through time (Figure 2) increased until 2013. By analyzing the scientifc
articles that added new empirical data (group 2 of the Table S1), there is a bias toward aquatic
ecosystems compared to terrestrial ecosystems. The bias is also repeated in publications analyzed by
the meta-anlysis (group 3 of the Table S1). One of the explanations is the empirical background of the
concept, since it is a phenomenon firstly described in aquatic ecosystems. The need to extrapolate
the phenomenon to different aquatic environments could create the bias toward more publications in
this ecosystem. In a scenario where many terrestrial ecosystems are threatened by human-induced
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drivers [28], there is a challenge to increase the number of publications in these ecosystems and avoid
their biodiversity loss [17,29].

Most publications that added new empirical data did not deliver appropiate information about the
state of the resource (biological data), precluding a comparison between abundance measured through
resource users and abundance measured by researchers. Notwithstanding that already mentioned,
we also acknowledged the limited availability of historical biological data about baselines in many
ecosystems. To overcome that, several studies based their information in perceptions of resource
users. The information gathered through perceptions would support subsequent decisions about the
resources assessed and will fill part of the information gap that scientists and technical groups have
not studied.

We recognize the benefits that the measurement of people’s perceptions can add into conservation
and resource management (e.g., [30]). Nevertheless, in the case where possible, it is imperative to
include both biological and social data. These criteria will reinforce the empirical basis reporting
SBS and baselines to then, generate stronger evidence-based restoration programs and ameliorate the
efficacy of restoration goals.

The phenomenon of SBS is becoming an important issue in conservation due to its effects in terms
of conservation of biodiversity, even at global scales [31] and sometimes is occurring undetected [32].
Its importance has been translated to the increase in publications about SBS along time (Figure 2).
One possible explanation is the recognition that SBS, through the measurements of perception
that resource users have about their environment, would improve the efficacy of restoration and
conservation actions [33–37].

In proportion to the total amount of publications found, the number of studies showing evidence
to demonstrate the presence of a SBS (group 3 of the Table S1) was low (only 5% of publications),
revealing a reduced amount of publications that are evaluating the issue. Intriguingly, this group of
publications showed that biological data of the resource base depicted no significant difference.
However, results from social data showed a significant reduction in its availability (Figure 3).
The inconsistency among biological data and social data might have two explanations: (a) resource
users are more sensitive to changes that, albeit non-significant statistically, are sufficient to modify
time-energy investment among users or; (b) biological data acquired might not be tested correctly.

To overcome the inconsistency, studies must analyze abundance changes by a comparison
of biological and social data about the same species considered. By contrast, some studies
measured a range of species different than the focal species from which studies evaluate perceptions
(e.g., [5,10,12,38–40]; but see [41] for an assessment of the same group of species which measured
biological and social data of the same group of species). These studies were analyzed through the
meta-analysis since they presented biological data of a group of species while, at the same time,
evaluate perceptions of resource users of other group of species to assure the presence of SBS. Thus,
our meta-analysis results about the inconsistency of biological data and social data support the
explanation (b). As a consequence, if studies were not using a direct measure of abundance that
correspond to social data, there will be an inaccurate assessment of species abundance, impeding the
detection of species abundance decline (or detectability by resource-users).

Progress must be carried out toward measuring biological and social data about abundances
of the same ensemble of species, improving the information regarding on the target baseline. If the
evidence about the presence of SBS is poor, this does not mean that we must discount the gap among
the baseline prior to the perturbation and the baseline updated. What we see through our study is that
we acknowledge a contribution of resource user’s perceptions in order to complement biological data
and then avoid a biased resetting of the baseline.

Failure in the recognition of adequate baselines due to the presence of SBS might lead
to mismanaging landscapes for restoration and conservation purposes. On the opposite side,
the incorporation of evaluating SBS will impact into more efficient restoration actions that will
ultimately impact in the conservation status of ecosystems and biodiversity [29]. An important
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point is that disagreements between biological and social data may be occur, which could lead to a
mismatch between people’s expectations and conservation goals when an environment is restored [14].
The mismatch between biological and social information may happen even at the scenario where
the people’s expectations are above the restoration actions. In these scenarios it is critical to use the
reference conditions as a guide, not as a straitjacket [42].

When we analyzed restoration variables of scientific publications, we recognize that there
are limitations in terms of evaluating only abundance emerged from biological or social sudies
as a variable response. This is explained in part because the history of the concept comes from
fishery science, which has evaluated the presence (or not) of the phenomenon through measuring
abundances or stocks of individuals. Later studies mainly encompassed measurements of this
variable. Progress must be carried out toward integrating more complex ecological variables (e.g.,
species richness, functional diversity, ecosystem strcuture, among others) in order to detect, prevent,
or reverse the advance of the phenomenon and enhance the quality of restoration projects.

The possibility that SBS can be present in an ecosystem to be restored obligates to the restoration
practitioners to analyze the restoration actions from a historical perspective. However, this is also
dependent on the objectives that the restoration actions can have. For example, some restoration
actions have the goal to restore ecosystem functions lost by an extinct species, replacing those species
with exotic ones that have similar ecosystem functions [43].

The historical perspective is also challenged by the climate change scenario [42]. By that,
the restoration actions must be aware about the future climatic trends and how this historical
condition must be achievable in a possible different regional or local climatic range. In this context,
the historical conditions can be used as a guideline and not as the final goal of the actions taken to
restore an ecosystem.

4.2. SBS and the Incorporation of Human Dimensions

SBS brings out the discussion around the decision-making process of restoration projects that
include social perspectives [5,44]. Studies addressing the evaluation of SBS for restoration purposes can
also serve as spearhead to increase the consideration of social dynamics and subsequent environmental
outcomes resulting from conservation initiatives [45,46]. Thus, the study and assessment of the
SBS can act as a fertile field to incorporate human dimensions into projects aimed at restoring and
conserving ecosystems.

The restoration of an ecosystem thus represents a challenge due to potential social barriers for
carrying out those actions. Therefore, while historical information about ecosystems can be present,
they can be difficult to recreate [42], mainly because of generational amnesia (e.g., [14]). For example,
in Chile, pine exotic plantations (e.g., Pinus radiata) are now an important exotic and novel land
cover for pulp production [47,48], representing aproximately 1.5 millions hectares [47]. Despite the
availability of information about past environmental baselines (biological data) [49], there is no
consensus among Chilean citizens regarding pine plantations as a threat to biodiversity (social data)
in case restoration from exotic plantation to native forests ought to be carried out [50]. The challenge
is to accomplish both the restoration objectives emerging from biological data as well as people’s
expectations (social data) about what is the adequate baseline if we want to restore native forests from
exotic plantations.

A way forward is to enhance interdisciplinary approaches, aiming to agree on a state or
configuration of the ecosystem to restore [51,52]. A key step is to adjust studies toward target-focused
cooperation instead of focusing on single disciplines, improving the consideration of social-ecological
components ignored in previous studies [46,52–54]. This approach might strengthen restoration
activities particularly when local knowledge is equal to or more accurate than the technical analysis
(as most do not focus on species assessed by users; [55,56]). A more critical issue is that the
incorporation of the human dimension does not sacrifice restoration standards, but it will add a
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social-ecological perspective that might improve the success of further restoration and conservation
actions [3,33–37].

At a global scale, the research approach to evaluate the presence of SBS, which incorporates
both biological as well as social data, is also in accordance with global agreements related to
ecological restoration. For example, the Convention on Biological Diversity (CBD) in 2010 agreed in
its 15th Aichi Biodiversity Target that parties should restore at least 15% of degraded ecosystems by
2020. The fulfillment of the target must be achieved respecting the traditional knowledge of local
communities, integrating it, at the same time, in the implementation of the convention. Efforts to
assess SBS should change and must be accelerated them to evaluate the phenomenon and offer ways
to better calibrate reference targets and subsequent shifts in the ecosystems and associated ecosystem
services [42]. The consideration of different sources of information for restoration actions (biological
and social data) can also improve the set of indicators to guide those actions. Making more complex
the response variables to evaluate the success of restoration projects will help in overcoming the lack
of response variables showed in the publications integrated to our study, abundance being the most
frequent variable used. Supporting decisions with the approach proposed by the SBS evaluation,
and even incorporating “other kinds of knowledge than science” (sensu [57]), would fulfill knowledge
gaps about baselines in order to restore ecosystems for conservation and human well-being.

5. Conclusions

The SBS is a phenomenon that describes a downward of an environmental baseline as a
consequence of a biological change that subsequently generate a change in perceptions of resource
users or scientists about what the past environmental conditions were. Since the term was coined by
Daniel Pauly in 1995, no evaluation has been done to assess the quantity and quality of studies done.
In our study, we systematically reviewed the scientific literature and found 152 publications which,
at least, mentioned the phenomenon. Of those publications, only eight of them used quantitative
data to evaluate the presence of SBS, which is, reporting biological and social information about the
resource evaluated [5]. Considering our results of the review and the quantitative analysis through a
meta-analysis conducted, we recognize that there must be an improvement in the reporting of SBS
which consider both the assessment of biological and social data. Additionally, there is a potential
to use resource user’s perceptions to complement the information gap about the baseline prior to a
perturbation, improving at the same time the successful of those restoration projects. The potential use
of resource user’s perceptions and other local stakeholders is in accordance with global agreements
that mandates the integration of local knowledge to restore ecosystems for the year 2020.
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