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Abstract

The biotic indicators, or bioindicators, constitute a reference that contributes
to the resolution of different issues associated with the state and evolution of
the natural habitats where they are located. The information they provide can
be interpreted mainly in terms of sensitivity, tolerance to different types of
stress and the integrity of a forest ecosystem. The objective is (commentary 1)
to present the characteristics of the bioindicators, which are capable of re-
flecting the ecosystemic integrity and provide valuation references in forest
habitats. The attributes were reported thanks to the methodological strategy
of bibliographic review through a theoretical sampling, taking into account
44 bibliographical sources that covered a time lapse between 1985 and 2016.
As a result of the review, there were obtained a total of seventeen prevalent
attributes in bioindicator species. Part of the discussions focus on recognizing
that the study of bioindicators, and in general the principles associated with
bioindication, provide potential criteria to resolve concerns beyond fully bio-
logical or ecological aspects and that are relevant in scenarios of environ-
mental economic and/or ecological valuation. Finally, this review concludes
that it has been possible to present a consensus of attributes and, at the same
time, show some emerging attributes associated with biotic indicators that
contribute to the analysis of the selection of bioindicator species in different
studies.
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1. Introduction

According to the objectives of sustainable development, the components and in-
terrelations that are part of natural resources contribute to the permanence of
the integrity of ecosystems and this will be reflected in the quality of life of the
human population [1]. The ecosystemic integrity is linked with the maintenance
of a natural environment by itself and in the contribution of benefits that the
habitat provides to the human being. In this way, the economic valuation of the
biological resources and their diversity is related to the benefits that these re-
sources contribute to society [1]. These benefits are concretized through eco-
system services, therefore, and taking into account with the contribution of
this article, it is important to establish a characterization associated with the
attributes that represent the biotic indicators and how they can generate value
criteria, because both the Economic System and the human well-being depend
on maintaining the integrity of ecosystems and natural environments such as
forests [2].

The dynamics that characterize this type of habitat have a determining influ-
ence on the quality of life of human beings for both present and future genera-
tions. In the mid-twentieth century, authors such as Landers, Verner and Tho-
mas [3] and Riiters, Law, Kucera, Gallant, Dc Velice and Palmer [4] recognize
difficulties in using bioindicators to assess population trends at the species level,
to study general aspects of natural life and to assess habitat quality. These au-
thors indicate that the criteria used to select indicators are ambiguous, therefore
they recommend using biondicators as part of a comprehensive analysis strategy
or situations centered on key habitats areas. This strategy may include indicators
to monitor the structural and functional composition at multiple levels of or-
ganization in a natural environment [5].

The use of species as indicators in monitoring environmental conditions has
been established as a tradition in ecology, environmental toxicology, pollution
control, forestry, wildlife and management of distribution areas. These are some
of the fields of action of the bioindicators, however, when developing a research
that takes into account these issues, there have been conceptual and procedural
differences [6] [7].

This article aims to present attributes or characteristics that are part of the
bioindicator species and how these characteristics are able to reflect ecosystem
integrity and at the same time, to provide a significant point of reference for
valuation in forest habitats. Methodologically, the article is based on academic
and research studies which have shown some attributes that characterize biotic
indicators. As a product of the review, an accumulation curve (Software Esti-
mates 9.1.0) is proposed with the intention of complement the characterization
made and represents the consensus attributes obtained through theoretical
sampling. Also, it is presented a list and description of attributes that, despite
not having a relevant representativeness within the sampling, are considered to

contribute to the identity of a bioindicator and the way in which it is unders-
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It is necessary to contribute to the recognition of key monitoring attributes to
identify biological characteristics, ecological processes and biophysical interac-
tions that take place in natural environments, the recognition of these attributes
has to do with the synthesis of the information available on the subject, therefore
it is assumed the importance of proposing theoretical samples that for the case of
this article have to do with bioindicator species as a study model. The visualiza-
tion of attributes of these species can contribute to the resolution of a problem
related to the management of natural environments, given that the consensus
and the way in which the bioindicator species can be understood in the natural
environment constitute in themselves management units and points reference of
analysis.

Given the above, it is expected that the elements contributed help resolve not
only ambiguities in bioindication but also provide insights into the management
of natural environments in terms of ecosystem valuation and the evaluation of
their integrity considering that in many cases, information is limited and oper-
ates under degrees of uncertainty because there is no base line of generic
attributes that reflect generalities according to the logic and complexity under
which ecosystems operate.

Initially, the structure of the document presents issues related to the logic of
biotic indicators, principles associated with ecosystem integrity, ecosystem as-
sessment and human preferences. Results are presented as a part of a theoretical
sampling, which describe characteristics of a biotic indicator according to a
consensus of attributes, later and according to the typology of the attributes, it is
possible to propose analysis questions about the management of the environ-
ments which have to do with the intervention of human beings according to
their preferences; finally, a brief conclusion exposes general elements provided
by the article and some limitations from the information generated (See Figure
1).
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Figure 1. Summary graph of the document.
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2. Development of the Topic: The Logic of Biotic Indicators

Biotic indicators or bioindicators are known as species of plants and animals
that show changes in presence-absence, condition and/or behavior on the health
and state of a given ecosystem due to certain stresses that are generated in the
natural environment. These tensions show quantitative and qualitative changes
both in the structure and in the natural functioning of biotic communities [8]. In
contrast, Biich [7] describes that biotic indicators can be defined as communi-
ties, populations or organisms that in ideal cases represent a biocoenosis and can
provide information about the state or differentiated behavioral changes as-
sumed by an ecosystem. This information can be used as a reference point for
valuation because, according to economic principles and anthropocentric post-
ures, ecosystem integrity beyond being a strictly ecological issue, incorporates
measures that reflect the ability of the ecosystem to respond to the demands of

the population human [9].

An indicator species can be defined as an organism whose characteristics are
used as an attribute index. It is useful when is expensive to evaluate the condi-
tions of a landscape in its entirety [3]. These species can be considered as short-
cuts or instruments to approach the complexity of natural environments. In
general, every organism is an indicator of the conditions of the environment in
which it develops. This due to its existence in a given time and space responds to
its ability to adapt to different environmental factors and both its presence and
its abundance provide a signal on some process or state in the system in which it
lives [10]. A particular event that generates a disturbance will also cause a series
of changes in organisms whose magnitude will depend on the duration of the
impact, its intensity and nature. The action can be direct or indirect and, usually,
when a disturbance extends over time, it goes from individual or organismic
responses (biochemical and physiological) to population, community and eco-
system responses [3] [10].

A biological indicator tolerates effects caused by an agent that generates a dis-
turbance and, as a consequence, it shows some kind of compensatory or tolerant
response. These responses indicate that the species can maintain a normal func-
tioning, which requires a metabolic expense, or it can also be that a biological
indicator does not only describe disturbing conditions but can also provide in-
formation associated with pristine and quality conditions of a given habitat [10].
The importance of using biological indicators is related to the fact that these
species detect processes and factors in ecosystems, which has advantages, such
as:

— The species and the biotic communities respond to cumulative effects that, at
a certain moment, a sampling of chemical or physical variables is ignored [8]
[10].

— The bioindicators allow to detect the appearance of polluting elements.

— As it is not feasible to take samples of the entire biota, the selection of some
indicator species reduces and simplifies costs in the evaluation of the state of

the ecosystems [11] [12].
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According to Pinilla [10], the measurable parameters in a biological indicator
depend on the taxonomic range that is being studied. The author proposes four
levels:

1) Biochemical level (concentration of hormones and steroids, membranes,
RNA/DNA changes)

2) Physiological level (growth of organisms, oxygen exchange rate—assimi-
lation, oxygen consumption, nitrogen balance)

3) Population level (growth, birth and death rates, survival, relative abun-
dance, density)

4) Community level (diversity, similarity, composition, coverage, productivi-
ty, biomass).

Noss [6] describes that there is no species that fully complies with all the cha-
racteristics referred to the ideal attributes of a biotic indicator. So, the author
recommends using groups of species that can be complemented according to a
doubt that is pretended to be solved. Similarly, according to Landers, Verner and
Thomas [3], given the high complexity of natural systems, it is improbable that a
single species could serve as an index of the structure and function of the com-
munity or ecosystem.

Typically, many of the studies that consider bioindicator species expect to ob-
tain predictable physiological responses to an alteration that can be evidenced
through the species that are taken as a reference for monitoring in a natural sce-
nario. The alterations are translated as an affectation to the ecosystems and,
usually, occur by activities of productive or industrial order, such as the pollu-
tion, presence of heavy metals, agrochemicals, pesticides and other toxic agents
whose impacts tend to have effects on the species associated with the natural en-
vironment [7].

According to this reality, questions appear about the way in which biotic in-
dicators are used and how the concept of bioindication itself is understood.
Given that, although it is true that these species can be a reference that provides
information on the presence of diverse impacts from the design of standardized
conditions in a laboratory with partially predictable events, this causes that the
application of bioindicators in many research studies is devoted in a hegemonic
way to this purpose, ignoring other references and, even, other discussions that
refer alternative questions that do not necessarily have to be controlled or ex-
pected.

3. Biodiversity and Bioindication: Principles Associated
with Ecosystem Integrity

The ecosystem processes are complex and the number of species that can be
taken as a unit of study to approach the understanding of that complexity is also
broad, so it is not easy to assess the integrity of an ecosystem directly. Taking
into account that the integrity of natural environments is the result of the net-
work of ecological interactions, it is often useful to use bioindicators to evaluate

aspects concerning integrity [11]. A bioindicator offers a tool to evaluate these

DOI: 10.4236/0alib.1105540

5 Open Access Library Journal


https://doi.org/10.4236/oalib.1105540

P. C. Pinilla-Cortés, J. A. Moreno-Gutiérrez

processes concerning to natural environments, which are highly stochastic, un-
derstanding by stochasticity the condition that represents the nature of the mul-
tiplicity of dynamics and energy flows in the ecosystems and that contributes to
the maintenance of the biodiversity and the quality of the habitat that supports
that biodiversity [11].

Ecosystem integrity is a factor associated with the resilience of natural envi-
ronments and their ability to absorb and assimilate disturbances in fundamental
processes of change. It also intervenes in the conservation of biodiversity and the
natural processes that nest the ecosystem and that, at the same time, are linked
to the sustainable provision of a range of natural assets and services that provide
a particular natural environment [2]. It is clear that the conservation of integrity,
the permanence of the structure and the function of processes inherent to eco-
systems occur within a natural range of variation [11]. Therefore, it is not species
diversity per se that is important for integrity, but rather the way in which that
diversity is organized in a system of harmony and coherence. This organization,
together with resilience and productivity, determine the health of the ecosystem
and, consequently, its integrity.

Species diversity seems to play two fundamental roles in the self-organization
of ecosystems: first, it provides links in which energy flows by giving the system
functional properties and, second, the species diversity increases the productivity
of ecosystems by employing a greater number of possible paths for energy flow
and nutrient cycling. In the same way, diversity contributes to the resilience of
the ecosystem in order for it to respond to unexpected impacts. Costanza, Cum-
berland, Daly, Goodland and Nogaard [13], affirm that the species keep the sys-
tem resilient and absorb disturbances, are important in phases of liberation and
reorganization, therefore, biodiversity could be interpreted as a necessary con-
tainerfor the evolution of all forms of life.

The bioindicator species are a reference on the ecological processes of which
they are a part, also on the health of the biota or the ecological integrity of the
landscape [12]. If a biologically significant pattern was reported in the indicator
species or group, it would be a signal that it could be interpreted in terms of
change with respect to biota and, therefore, with respect to the ecological integr-
ity of the landscape [13]. Therefore, the focal selection of species is useful in stu-
dies related to risk or vulnerability at the level of species or biological communi-
ties, recognizing that organisms or groups of organisms exert natural control in
the ecosystem, contribute and maintain sources of information and contribute to
the resilience of the system [13].

Large-scale studies involve knowledge of the cause and a scope around what is
intended to be evaluated. The evaluation cannot be carried out according to spe-
cies or particular groups of species taking into consideration each population of
plant, animal or microbe in the landscape and neither with each of the interac-
tions and processes related to integrity. As mentioned, these factors cannot be
controlled and are presented stochastically in response to the dynamics of a nat-

ural environment, so it is prudent to select species or a particular group of spe-
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cies that can be complemented to support a problem of decision, even to inte-
grate study categories related to processes or patterns beyond fully ecological

systems to integrate other referents [11] [12].

4. Ecosystem Services, Valuation of Ecosystems and Human
Preferences

Ecological systems sustain life on earth, without them the exercise of economic
activity would not be possible. This, taking into account that ecosystems produce
renewable resources and ecosystem services, which are understood as functions
of the ecosystem that support and protect human beings activities or that have a
transcendental influence on human well-being. Biodiversity itself at all levels
contributes to the maintenance of the functions and services it provides. Despite
this, it is well known that ecosystem services are rarely reflected in the prices of
resources and are not considered by the modern industrial societies [1].

In 1999 Costanza and collaborators [13], propose that “in the long term, a
healthy economy can exist symbiotically with a healthy ecology, both are so in-
terdependent that isolating them for purely academic purposes has generated
distortions and weak administrations”. However, many current societies trust in
future technological repairs and assume that it is possible to find substitutes for
the loss of assets and services provided by natural environments, and people use
narrow indicators of well-being and appropriate a vision that distances human
populations from pristine ecosystems by putting substitutes that distort the es-
sence of nature itself and that tend to economic growth.

Biodiversity and the connectivity relationships that are interweave in it pro-
vide benefits for the human population. These utilities are understood as eco-
system services that have a value of existence by pure moral conviction, however
it is recognized that there are difficulties when quantifying judgments or moral
decisions, which makes it easier to organize priorities through hierarchies.

When talking about sustainability, the preferences that involve a valuation
cannot be considered as given or immovable. Therefore, the economy must as-
sume a different and broad role, which implies to assume the uncertainty and
indeterminacy where the valuation of the probabilities is unknown [14]. As
mentioned before, the traditional paradigm from neoclassical economics as-
sumes that preferences are immovable and static, and that the economic prob-
lem is to optimally satisfy these preferences. However, it is necessary to take into
account that preferences change over time under the influence of education, ad-
vertising, cultural assumptions and other factors [13].

In the case of the valuation of ecological systems, the choices make explicit the
complexity of the problem in a set of dimensions in which a discursive language
emerges and this can take different paths, which makes diffuse and less explicit
the issue of assessment and choice. The decisions that the society makes about
ecosystems involve valuations, which can be explicit or not and can be underta-

ken using or not the knowledge proper of science and ecology. Whenever we
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have to take decisions, we are making assessments and it refers or identify the

relative weights that we give to the various aspects of the problem [2] [13].

5. Results: Attributes and Desirable Characteristics in a
Biothical Indicator

A biotic indicator is a species taken as a reference of information on synergistic
or additive relationships related to ecosystems [8]. Under ideal conditions they
present a wide speed of response to changes in the environment, given the ca-
pacity they have to respond to tensions which are exposed [15]. The response
levels that these species can reflect reveal an early warning about the contamina-
tion or degradation of an ecosystem or they can also alert decision makers to
stop or mitigate an observed impact [16].

Unlike the physical parameters that are useful during a generally short-term
impact, the responses of a bioindicator are cumulative and observable after the
causal event, so the effects are evident and lasting in the biota. In the same way,
some impacts may not be detected through physical or chemical measurements,
while cumulative effects at a biological level can be detected due to the responses
can be observed and/or differentiated [8] [15] [17].

Caro and Doherty [18] and Gerhardt [19] describe that the species considered
bioindicators must be abundant in all parts of the studied area, quantifiable and
easy to collect. Likewise, they must generate a response in relation to a stressor
and show a precise reaction to identify an impact at the ecosystem level. Also,
they must have a stable taxonomy, principles supported by Gonzalez and valla-
rino [17], Ferris, and Humphrey [20], Gayubo, Gonzalez, Asis and Tormos [21].
The bioindicator species should not be subject to commercial exploitation be-
cause this situation hinders the appreciation of any trend in monitoring their
abundance. Noss [6], describes that bioindicators must have a known taxonomic
characterization, must be easy to sample and identify, and must represent rela-
tionships with other biological groups of interest.

The selection of appropriate bioindicators depends on a particular monitoring
program or evaluation given that its nature can vary according to the state of the
ecosystem and its socioeconomic and political conditions [8]. Although an ideal
strategy may be to combine different biological groups or communities that
present levels of differentiable sensitivity to evaluate the behavior of the biota
[22], it is necessary to be clear that a single bioindicator species by itself does not
fully satisfy all the mentioned requirements and that the difficulties on the use of
bioindicators are directly associated with the natural fluctuations of complex
systems that prevent approaching the problem in a quantitative or descriptive
way [8]. Feinsinger [12] affirms that few groups of species, and to a lesser extent
individual species, can satisfy all the criteria. However, some bioindicators are
better than others, which is an essential evaluation requirement for the fulfill-
ment of the objectives of a particular study.

A bioindicator species can be selected by a researcher according to reasons
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that tend to resolve issues related to the natural dynamics of an ecosystem. It can
also respond to reasons of public interest or conservation, however in terms of
economic valuation, it is necessary to take into account generalities that contri-
bute to define and recognize the identity that is part of these species. In this
point, two questions stand out: What is the raw material of the bioindication?
What criteria allow a species to be taken as a bioindicator?

In order to start answering the previous questions, and returning to the im-
portance associated to the report of generalities that describe the bioindicator
species in terms of valuation, it is proposed a curve of accumulation of attributes
reported in academic sources product of the theoretical sampling. From this, a
consensus of 17 attributes is revealed, taking as a sampling unit the number of
attributes obtained and assuming as a sampling effort the number of biblio-
graphic sources consulted, which for this case corresponds to 44 sources (See
Figure 2).

The oldest sources that are part of the consultation are assumed as primary
sources or pioneering references. They contribute in different aspects to the dis-
cussions and debates on the topic, because this authors have generated proble-
matizing scenarios around the proposed subject. More recent sources have con-
sidered some principles that have been described in the previous sources e.g.
(Landers et al, 1988; Liverman et al,, 1988; Noss, 1990; Cairns et al, 1993), and,
regarding this, there are recognized some generalities related to the identifica-
tion of qualities or attributes that bioindicator species can show.

The 17 attributes reported in the sampling can be classified into three catego-
ries: 1) attributes of a biological-ecological order, 2) attributes of a technical na-
ture and 3) attributes that reflect a social or economic relevance. Consequently, a
brief description by attribute is presented. This order of the description was
made taking into account the representativeness and temporality of the sampling
depending on the total of consulted sources, and the range of time in which they

have been referred by the scientific literature (See Table 1).
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Figure 2. Attribute accumulation curve (Software Estimates 9.1.0).
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Table 1. Attributes of the biotic indicators and their representativeness in the theoretical

sampling.
Representativeness of
Attribute scientific use (Among

the sources consulted)

1) Sensitive 68%

2) Calculation or simple and economic analysis 68%

3) Reflects effects on a large scale 52.2%

4) Sufficient ecological and biological information about 36.3%

the bioindicator (Natural History)

5) Biologically relevant 34%

6) Sufficient permanent abundance 34%

7) Known taxonomic identity 32%

8) Is presented permanently, allowing monitoring over time 32%

9) Rate of response to changes in the environment (Anticipatory) 29.5%

10) Reflects particular tensions, differentiating natural tendencies 29.5%

and anthropogenic stress

11) Presents low variability 27.2%

12) Quantifiable or Measurable 25%

13) Socially relevant 25%

14) Reflect utility functions 25%

15) Provides differentiating information 22.7%

16) Narrow Range of adaptation, Singular species 20.4%

17) Biologically integrative 13.6%

Type of attributes: Biotic [l Technical lll, Social or Economic [l .

1) Sensitivity: Ideally, the bioindicator species must respond to the tensions
of the system that result from human actions or natural factors. Perhaps, the
most useful bioindicator is the one that shows high sensitivity to a type of subtle,
particular and differentiable stress [3] [4] [6] [7] [11] [12] [15] [18] [19] [21]
[23]-[42].

2) Calculation or simple and economic analysis: Refers to the way in which
is possible to study or sample a species or group of them. In case of not arriving
at an asymptote in a prudent time, it is possible that the study is dealing with an
inadequate species. Similarly, it may not be an accurate bioindicator when the
process of obtaining the samples becomes expensive or involves a lot of training
time to identify it. [4] [6] [7] [10] [12] [15] [18] [19] [21] [24] [25] [27] [29] [30]
[32] [33] [35] [36] [37] [39] [42]-[50].

3) Reflects effects on a large scale: Applies when the information or re-
sponse given by the species to some impact may reflect reactions in other spe-
cies, taxonomic groups and even geographic ranges, so the information or re-

sponse detected by the species can be contrasted to other levels or biotic scales

DOI: 10.4236/0alib.1105540

10 Open Access Library Journal


https://doi.org/10.4236/oalib.1105540

P. C. Pinilla-Cortés, J. A. Moreno-Gutiérrez

(3] [4] [10] [12] [18] [19] [21] [23] [27] [31] [32] [33] [36] [40] [41] [42] [43]
[44] [47] [49] [51] [52].

4) Sufficient ecological and biological information about the indicator:
This attribute refers to the familiarity or availability of information that can be
obtained about an indicator species. Also, it refers to the breadth of studies of a
taxon and the proposed background in review articles, journals in biological
sciences and scientific notes that contribute to the knowledge of the species of
interest [10] [12] [18] [19] [21] [25] [29] [30] [33] [38] [39] [42] [43] [44] [45]
[53].

5) Biologically relevant: Are those species that are fundamental or of great
importance at the ecological level. Also, species that present potential impacts on
a community or ecosystem and that are relevant and have effects on its abun-
dance. Likewise, the species can be related to the maintenance of essential natu-
ral processes [15] [16] [19] [25] [34]-[40] [45] [51] [52] [54].

6) Sufficient permanent abundance: The species or group of species that are
taken as an object of analysis, must be sufficiently common and abundant in the
sampling area to be studied during the period of time that the research is carried
out, allowing the recognition of trends or generalities about the patterns that aim
to be studied without affecting the population of interest [7] [10] [12] [18] [19]
[30] [34] [40] [42] [44] [45] [48] [50] [52].

7) Known taxonomic identity: Refers to the clarity regarding the taxonomy
of the bioindicator species. The taxonomic checklists are useful for the recogni-
tion of the species and to have an initial knowledge of the identity of the species.
Ideally, there should be no ambiguities in terms of identification of the species
that imply consulting with an expert. [10] [12] [19] [21] [26] [29] [33] [40] [42]
[43] [44] [45] [47] [53].

8) Is presented permanently, allowing monitoring over time: The species
or indicator group must be actively present in the study area or be accessible in
the lapses that include monitoring or sampling and, preferably, after the investi-
gation in case of requiring other information in the future [3] [4] [12] [15] [16]
[30] [31] [32] [35] [44] [45] [46] [50] [52].

9) Rate of response to changes in the environment (Anticipatory):

Although the indicator evidences gradual changes, ideally an observable re-
sponse threshold can be expected before a situation of change or stress occurs.
The change in the indicator must be measurable before a substantial change
threatens the integrity of the system [10] [15] [24] [26] [29] [32] [35] [36] [44]
[45] [47] [52] [54].

10) Reflects particular tensions, differentiating natural tendencies and
changes in anthropogenic stress: The bioindicator must be able to provide in-
formation that makes it possible to differentiate if it responds to a natural stress
or if it is an anthropic alteration. Species that can adequately respond to this cri-
terion are potentially used to evaluate situations at the local level [4] [10] [12]
[15] [16] [23] [29] [32] [36] [39] [44] [45] [52].

11) Presents low variability: It is considered important that the bioindicator
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species have low response ranges or provide monotonous responses to the
stresses to which they are sensitive, due to this contributes to the accuracy and
evaluation of the response to be evaluated [3] [18] [19] [23] [26] [29] [30] [32]
[33] [37] [44] [47].

12) Quantifiable or Measurable: Capable of operating in a defined manner,
allowing a standard procedure whose result is the contribution of information
that can be interpreted and differentiated according to the logic of what is being
analyzed [12] [15] [26] [27] [29] [31] [36] [37] [44] [45] [54].

13) Socially relevant: The species or groups of species may be part of con-
cerns of general interest, may have cultural or scientific significance, and may
potentially draw attention to possible decision makers [6] [11] [15] [19] [31]
[36] [37] [48] [50] [51] [54].

14) Reflect utility functions: Species that can attract the attention of deci-
sion-makers because of the ecosystem services it provides. For example, species
that are important for agriculture, that are candidates to counteract pests or that
may have commercial importance [19] [21] [33] [36] [37] [40] [43] [44] [47]
[50] [51].

15) Provides differentiating information: This type of species generates
unique information through known thresholds, so it is not redundant or ambi-
guous compared to the information provided by other species [4] [15] [23] [24]
[25] [29] [37] [40] [44] [51].

16) Narrow Range of adaptation, Singular species (stenoic): This type of
species has low distributions or reduced range of mobility. They are also consi-
dered as sessile species of easy approach and may be useful to complement in-
vestigations at the local or conservation level. [7] [10] [16] [19] [28] [29] [42]
[43] [48].

17) Biologically integrative: Bioindicators of this type offer a range that pro-
vides a measure or reference of the coverage according to key gradients in the
biological systems. In case the population analysis fulfills this attribute, the an-
swers or tendencies obtained can be contrasted with other taxa or gradients of
the biot [15] [24] [34] [35] [37] [40].

The frequency of each attribute along the theoretical sampling presents varia-
tion if the range of the time is taken into account. As a result of the sampling, it
is observed that attributes such as “sensible” and “simple and economic calcula-
tion” have a maximum representativeness among the sources consulted, equiva-
lent to 68%; while the attribute “integrative biologically” has the lowest repre-
sentativeness, equivalent to 13. 6%. A repetition pattern associated with the
sampling trend is not observed. However, for the case of the attributes “Quanti-
fiable or Measurable”, “Socially relevant” and “Reflect utility functions” the
trend along the sampling is the same, since they show a representativeness of
25% when described by 12 authors. It is recognized that those attributes that ex-
hibit a greater representativeness tend to cover higher temporal ranges in terms
of its use in scientific sources, while those with low representativeness tend to

have low temporal ranges of scientific use.
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There is a discussion between the use of indicators to evaluate the past or
present conditions of a natural environment and the prediction of the future
through modeling [3]. Factors such as climate, diseases and anthropogenic as-
pects increase the level of complexity and diminish certainties or predictions.
However, it is prudent to use bioindicators to study habitat conditions and its
quality. In many cases, socioeconomic and ecological criteria are used to select
the species that will be taken to conduct a modeling study. As mentioned, it is
feasible to include groups of species that are of high public interest or have some
economic importance [12].

Ten differentiated attributes have emerged throughout the sampling. Its tem-
poral range covers from 1990 to 2014. It is recognized that, although these
attributes do not have high representativeness and are proposed by a small
number of authors, they can be references that complement the traditional selec-
tion criteria associated with bioindicator species. Among these emerging
attributes, there can be reported the intrinsic stochasticity [25]; how species can
be related to the environment, ecological integrity and human health [36]; how
species can be used or identify by people who do not necessarily are specialists
[20] [31] [36]; and how they can represent an interesting topic for sustainable

development [31], (See Figure 3).

6. Discussion

When developing studies on bioindicator species it is important to be clear
about what is being evaluated or monitored and why [6]. Biodiversity and its
dynamics in natural environments must be understood beyond particular indic-
es referring to anthropocentric aspects of health. The bioindicators can be se-
lected based on the levels of organization of the ecosystem. It is necessary to
recognize that although there are positive bioindicators that measure ecotoxico-

logical effects, there are also species that thrive under conditions of alteration or

1995 1999 2000 2001 2002 2005 2006 2010 2011 20149015

. The metabolic rate must be high, if taken into account to evaluate ecosystem health [25][18]
Intrinsic stochasticity [25]
Clear position in the trophic system [6] [18] [30] [19] [41].

. The species can be used or recognized by people who do not necessarily have a specialty in the subject [20] [31] [36]
Relatively short generational time [18] [19] [41].

Related to the environment, ecological integrity and human health [36] [50]
. Reflects issues that may have significant costs or benefits for current or future generations — sensitive [31].
. The species can provide an i ing topic for inable devel [31].

@ The species can be used for hypothesis testing [36].
. The species are useful to test management questions [36].

Figure 3. Alternate attributes around the revision.
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that follow the human activities that they are disturbing [12]. The natural eco-
systems include systems dominated by man and have been called “complex
adaptive ecosystems”. These systems, more than mechanistic and predictable,
are characterized for exhibiting a limited degree of predictability, and reflect re-
strictions that the evolutionist dynamic offers to ecosystems, which is a key as-
pect for its sustainability [13].

Around the mentioned principles, and in contrast to the traditional use of
bioindicators, there is the possibility of reversing that situation in which a spe-
cies or a group of them reflect physiologically impacts derived from anthropo-
centric activities and, instead of these, the species can reflect aspects that contri-
bute to the valuation of the ecosystem and supports the answers of the questions
related to: How can anthropic activities affecting ecosystems be evidenced of
principles associated with bioindication? How do human beings attribute value
to natural environments, taking as reference biotic indicators? or How is a bio-
indicator and its attributes capable of reflecting human attitudes or behaviors
around ecosystems?

If considered the time lapse in which the theoretical sampling has been carried
out and making reference to recent studies, it is common to find that different
investigations that describe theoretical fundaments on the biotic indicators are
not concerned with questioning the context of the bioindication and its history.
Therefore, the studies are casuistic and oriented to solve problems of predictive
and ecotoxicological order [7]. With this, it is not meant that each study should
have an analysis on these fundaments, but it should at least justify the criteria
that have been taken into account both for the selection of bioindicators and the
sense of carrying out the study under those principles. This with the aim to
avoid ambiguities and highlight alternative benefits to purely ecological studies
and generate alternatives related to the study of the environment, integrity and
human welfare.

With the intention of generating alternate routes to the traditional ones on the
use of bioindicator species in terms of economic valuation, it is considered that
the studies, and in general the protection of sustainable ecosystems, should form
interdisciplinary teams that include not only ecologists or naturalists but other
fields of knowledge, such as earth sciences, physical sciences, social sciences, arts

and humanities, which generates a dialogue from different perspectives.

7. Conclusions

This review is product of an effort to track which are the desirable attributes in a
biotic indicator and, although these characteristics have been intermittent in
terms of their recognition over time in different academic sources, a consensus
of scientifically accepted qualities or attributes has been proposed. Nevertheless,
and as a result of theoretical sampling, there has been evidenced the emergence
of some attributes that contribute to the traditional principles of bioindication
and the proposed consensus. In terms of economic valuation and under the logic
of this review, it is prudent to make visible a common language referring to the
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minimums of the bioindication as well as qualities or attributes that, despite not
showing a broad representativeness, can describe more fully the characteristics
that are important for an indicator species and how it can reflect the profits that
human beings get from the natural environments.

It is relevant to be aware that, although an indicator species will not fully
comply with the desired attributes and each investigation responds to particular
interests according to the criterion of the researcher or the decision maker, it is
necessary to consider some basic qualities of the species as a model of study.
This is because the categories that are part of the described attributes do not only
obey the biological or ecological order, but also cover other technical, social or
economic contexts in response to the multiple factors that make up the com-
plexity of natural systems. In the same way, it is recognized that each attribute
represents a sample of the whole that makes up the essence of a bioindicator.
This means that each attribute, seen in a particular way, shows a reference in
which it is possible to understand the integral generality of the identity of the

bioindicator, a fact on which the hologrammatic principle is governed.
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