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About the Journal

This official scientific publication of the Faculty of Agriculture, Abdullahi Fodiyo University
of Science and Technology Aliero, is a non-profit, open access, double-blind peer-reviewed
Journal publishing four issues (January, April, July and October) per annum. The Journal is a
platform open to collaborations with researchers, authors, institutions, research agencies and
private companies related to Agriculture. The Mission of the Journal is to disseminate scientific
knowledge through the publication of original research articles, research notes, book reviews,
letters to the editor and reviews of Literature, representing a contribution to scientific and
technological knowledge in respective areas covered by the Journal. The Kebbi Journal of
Agriculture and Natural Sciences seeks to validate and disseminate new knowledge, making it
public in order to strengthen the human capacity, constitute a link in the scientific community
to the society and encouraging the expansion of University and academic researches.

Scope of Kebbi Journal of Agriculture and Natural Sciences (KEJAANS)

The Kebbi Journal of Agriculture and Natural Sciences has the sole aim of providing an
intellectual platform and ideas for scholars, by promoting interdisciplinary studies related to
agriculture and natural science through publishing the latest scientific research findings that
are of direct policy implications and beneficial to the research community. Consequently, the
journal covers all aspects of Crop Science, Animal Science, Agricultural Economics,
Agricultural Extension and Rural Development, Food Science, Fisheries and Aquaculture,
Biotechnology, Soil Science and Agricultural Engineering, Forestry and Environment,
Wildlife, Agricultural Education, Agro-allied Industries as well as all Natural Science
researches related to Agriculture.



I IO RN, O AGIRICUT IR, AN NATUR A, SCTNERS, (KA ANS)
JANUARY, 2025: Volume 1, Issue 1: 211-215
p-ISSN: 1595-5776

BIOINDICATORS IN MONITORING FOREST INTEGRITY:
METHODICAL REVIEW TO FOREST ECOLOGY

Mansur M.A *Atiku, M., *Ambursa, A.S. *¥2Abdulrahman, A. & *Usman, H.
!Department of Forestry and Fisheries, Kebbi State University of Science and Technology,
Aliero, Kebbi state
Department of Agricultural Technology, College of Agriculture and Technology, Bakura,
Zamfara state

Corresponding author: aasarki@gmail.com ORCID ID: 0000-0002-7490-1077

ABSTRACT

Forests are vital to preserving biodiversity, controlling the climate, and supplying human
societies with necessary resources. Monitoring the integrity of forest ecosystems is essential to
their protection and sustainable management. Species that represent the condition and health
of an ecosystem are known as bioindicators, and they are crucial instruments for evaluating the
integrity of forests. The idea of bioindicators, their importance in forest ecosystems, their
function in ecosystem functioning, and the difficulties they encounter in the context of forest
monitoring are all examined in this overview. The review explores a variety of bioindicators,
such as microbial populations, flora, and fauna, emphasizing how they might react to
environmental changes such pollution, climate change, and habitat loss. Bioindicators are early
warning systems that offer important information on the condition of forest ecosystems, enabling
proactive approaches to forest management. The expanding significance of bioindicators in
sustainable forestry is illustrated by a detailed discussion of their use in tracking forest
biodiversity, identifying contaminants, and evaluating habitat quality. The analysis highlights
the wider ecological and socioeconomic advantages of healthy forests in addition to examining
their scientific importance. Because forests help with soil preservation, water control, and
carbon sequestration, it is important to use efficient management techniques to preserve these
functions. In order to improve conservation efforts, lessen environmental degradation, and
promote biodiversity conservation, the paper describes how bioindicators might be included
into forest management frameworks. The review demonstrate how important it is to employ
bioindicators to monitor forest integrity in order to inform decisions about forest management,
maintain ecological balance, and advance long-term sustainability. To further grasp their
potential in forest protection, it also urges further multidisciplinary study and the creation of
standardisedbioindicator techniques. Forest managers can enhance forest health, lessen
environmental damage, and promote biodiversity preservation for future generations by using
bioindicators.

Keywords: Forest; Biodiversity; Bioindicators; Ecosystem, Integrity
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Introduction

According to Bonan (2008), forests are
dynamic ecosystems that offer vital ecological
services including carbon sequestration, water
filtering, and habitat supply for a variety of
species. A growing number of human
activities, including deforestation, pollution,
and climate change, are endangering the health
and integrity of forests (Hansen et al., 2013).
To preserve these ecosystems and the services
they provide, forest integrity must be
monitored. A potent instrument for evaluating
the health of forests is the use of bioindicators,
which are species or groups of species that
offer data on environmental quality
(McGeoch, 1998). The purpose of this review
IS to investigate the idea of bioindicators, their
function in monitoring forest ecosystems, and
their importance for forest management
techniques.

Concept of Bioindicators

Ecological health and quality can be
ascertained by studying species or populations
known as bioindicators, which exhibit a
predictable response to alterations in their
surroundings (Cairns, 1986). Pollutant levels,
alterations in habitat quality, and other
ecological changes can all be detected by these
creatures. Variations exist in the insights that
bioindicators offer on the health of forests.
These include lichens, birds, amphibians, and
insects. For instance, birds can signal changes
in habitat structure and biodiversity, whereas
lichens are extremely sensitive to air pollution
(Nimiset al., 2002; Gregory et al., 2005). For
tracking biological changes in forests,
bioindicators provide an economical, effective,
and sensitive method.

Bioindicators: Definition and Significance

Species or groups of species that offer data on
the condition and quality of the environment
are known as bioindicators. According to
Cairns (1986), they are useful for tracking
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changes in ecosystems, identifying pollutants,
and evaluating the effects of environmental
stressors. Bioindicators in forests can track the
effects of climate change, indicate changes in
the health of the ecosystem, and direct
management efforts to lessen adverse effects.

Bioindicator Types

Lichens: Vulnerable to alterations in
microclimate and air pollution. Their variety
and abundance serve as indicators of the health
of the forest and the air quality (Nimiset al.,
2002).

Mosses: Adjust to variations in humidity, heat,
and air pollution. They serve as helpful
markers of the soil's health and the forest
microclimate (Bates et al., 2001).

Birds: Markers of biodiversity, forest
structure, and habitat quality.
Avian: Markers of biodiversity, forest

structure, and habitat quality. According to
Gregory et al. (2005), changes in forest
ecosystems can be reflected in changes in bird
populations.

Amphibians:  Extremely wvulnerable to
alterations in  the surroundings and
contaminants. Ecosystem health and habitat
quality can be inferred from their presence and
variety (Welsh &Droege, 2001).

Insects (such as beetles, butterflies, and ants):
Elucidate alterations in the vegetation, soil
composition, and disturbances to the forest.
According to Kremen et al. (1993), distinct
insect groups can shed light on different facets
of forest integrity.

Bioindicators’

Forest Integrity
Ecosystem monitoring of forests can be done
effectively and economically with the use of
bioindicators. By offering information on
ecosystem health and biodiversity, they
facilitate  conservation  efforts,  direct
management decisions, and aid in the early
identification of environmental changes

Significance in Tracking
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(McGeoch, 1998). Ecosystem monitoring of
forests can be done effectively and
economically with the use of bioindicators. By
offering information on ecosystem health and
biodiversity, they facilitate conservation
efforts, direct management decisions, and aid
in the early identification of environmental

changes (McGeoch, 1998). An all-
encompassing  approach to  ecosystem
monitoring is provided by the use of

bioindicators, which enable the evaluation of
both biotic and abiotic elements influencing
forest integrity

They detect changes in the environment and
the health of the ecosystem, bioindicators are
essential to forest ecosystems. According to
Garty (2001), they have the capability to
identify precursory indicators of stress,
including pollution, habitat degradation, or
climate change, which might not be readily
apparent. A reduction in amphibian numbers,
for instance, may be a sign of pollution or
altered water quality, and changes in bird
groups may be a reflection of altered forest
structure or climate (Welsh & Droege, 2001).
In addition to aiding in the identification of
important conservation areas, the existence or
lack of specific bioindicators can also
influence management strategies meant to
maintain the integrity of forests.

Impact on the Functions of Ecosystems

Bioindicators provide early warnings of
changes that may damage ecosystem services
and biodiversity, they have the potential to
have a large influence on ecosystem
functioning. As per Kremen et al. (1993), the
reduction in pollinator species like butterflies
and bees can have an effect on the regrowth of
forests and plant reproduction. Likewise,
alterations in  decomposer populations,
including fungi and detritivores, may impact
soil fertility and nitrogen cycling (Stokstad,
2004). Forest managers may identify and
address changes that could affect important
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ecosystem processes by keeping an eye on
bioindicators. This helps to preserve the
ecological balance and long-term viability of
forest ecosystems.

Forests' Significance to the Environment
and Human Society

For both the ecosystem and human society,
forests are vital. Among the many ecological
services they offer are soil stabilisation, water
filtration, carbon sequestration, and climate
regulation (Chazdon et al., 2016). According
to Pereira et al. (2013), forests are home to a
significant amount of the terrestrial
biodiversity on Earth, sustaining a diverse
array of plant and animal species. Forests
provide human civilisations with resources
including fuelwood, lumber, medicinal plants,
and non-timber forest products, all of which
are essential to the lives of numerous groups
(FAO, 2020). The preservation and proper
management of forests are vital because their
depletion or removal can have detrimental
effects on the environment and human health.

Issues with Forest Ecosystem Indicators

Bioindicators in forest ecosystems encounter a
number of difficulties notwithstanding their
value. One significant obstacle is the diversity
of species' responses to environmental
changes, which can make it challenging to
derive meaningful inferences from data on
bioindicators (McGeoch, 1998). Furthermore,
the interpretation of bioindicators may be
complicated by their susceptibility to various
stresses, including habitat loss and climate
change (Parmesan, 2006). The absence of
standardised  techniques  for  applying
bioindicators across various forest types and
areas is another issue that may restrict the
bioindicators' use and comparability (Gardner,
2010). To tackle these obstacles, further
investigation is necessary to comprehend the
intricate relationships that exist between
bioindicators and environmental elements, as
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well as to create reliable techniques for using
them in forest surveillance.

Objectives and Significance of Bioindicators
to Forest Management Practices

Examining the idea of bioindicators, their
function in observing forest integrity, and their
influence on ecosystem functioning are the
main goals of this review. In addition to
highlighting the value of bioindicators for
sustainable forest management techniques, the
study attempts to pinpoint the opportunities
and problems that come with using them.
Managers may create more effective plans for
resource  conservation, restoration, and
sustainable usage by knowing the function of
bioindicators in forest ecosystems. For forest
ecosystems to remain healthy and intact over
the long term and to mitigate the effects of
environmental stresses, this information is
essential.

Conclusion

Microinvertebrates are highly effective bio-
indicators of water quality due to their
sensitivity to pollution, short life cycles, and
diverse functional roles in aquatic ecosystems.
By monitoring their community structure and
abundance, researchers can obtain valuable
insights into the health of aquatic
environments. These small organisms provide
an early warning of pollution impacts, helping
to guide pollution management and
conservation efforts in freshwater systems.
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