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1. Introduction

This Teacher’s Manual is part of the project SUSTAIN: Biodiversity Education for Sustainable

Development. This project is financed by the European Union, under the Erasmus+ program.

The project aims to promote education on biodiversity loss, to analyze the relation between air

pollution and biodiversity loss, and to assist students in realizing the enormous impact of air

pollution in their lives and initiate actions for changing this situation and protecting Earth’s

ecosystems. The direct target groups for the project are school students aged 9-12 years old

and school teachers that work within that age group. Indirectly, parents’ associations,

environmental organizations, universities, and other educational institutions will also be able

to benefit from the project activities.

Biodiversity preservation is crucial for ecosystems and our well-being, but a 2015

Eurobarometer survey found that many Europeans feel inadequately informed about

biodiversity. The European Union aims to address this by promoting and coordinating more

initiatives to incorporate biodiversity education in formal education across Europe

This Teacher’s Manual is the first Project Result of the project. The purpose of this document is

to introduce the topic of biodiversity loss and its connection to air pollution causes such as the

burning of fossil fuels, mining operations, pollutants emitted from transportation, etc. The

main recipients will be school teachers that are in a position to transmit this knowledge to their

students aged 9-12 years old.

This document will present what biodiversity is and what its destruction means for the planet

and for our health. It will also look into the future and assess its main threats and opportunities

for the next generations. This document will also look into how science and technology can

contribute to the protection and enhancement of  biodiversity.

This manual has been created in collaboration by all of the members of the SUSTAIN

partnership:

● Asociación Mundus (Spain – project coordinator) - is an organization that specializes

in inclusive and sustainable student mobilities, and has wide experience in

international cooperation projects. Mundus has become a reference entity in Europe in

the field of international mobility. Mundus' mission is to ensure that each of these

mobilities contributes to improving youth employability, the quality of vocational
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training and, of course, promoting values such as inclusion, interculturality and

sustainability.

● University of Vechta (Germany) - is a university with about 4.500 students focusing on

research areas including: education and discipline-specific pedagogies; social sciences,

regional development/rural areas; landscape ecology; social, political, cultural and

economic change, business ethics, and sustainable development. The university’s

strategic plan identifies internationalization, sustainability, gender equality and

participatory research approaches as essential. Responsible Research and Innovation

(RRI) is a key element of the university’s Knowledge Transfer Strategy. University of

Vechta has a wide range of experience with education for sustainable development.

● Asserted Knowledge- AKNOW (Greece) - is a technical consultancy and staff sourcing

company providing specialized ICT related services and staff to organizations. Expertise

comprises technical writing, requirements analysis, system specifications, specialized

recruitment and applied research in STEAM related areas. AKNOW has an R&D unit

which actively researches the bridging of the online and offline worlds through physical

computing and creating educational content for all ages accompanied by hardware and

software.

● Atermon (Netherlands) - is a start-up focusing on intelligent uses of Game-Based

Learning and Web 3.0 technologies and tools for the implementation of solutions that

can deliver lasting learning experiences of real practical value. They provide custom

design and development services from the initial concept to the final game or

implementation of AR games powered by our own Augmented Reality Content

Management System which provides for the rapid creation of AR games disseminating

knowledge.

● Private School Themistoklis (Greece) - It is a primary private school, which has 350

students and 14 teachers. The motto of the school is “Culture – Education - Virtue”.

They work on programs about theatre, arts, protection of the environment. The aim of

this organization is to communicate with children, to teach them morals, to help them

to be interested in future searches, to become active citizens. That is why they are

interested in sustainable development programs.

● Formative Footprint (Spain) - is an educational research and design centre located in

Spain, in the province of Valladolid. FF works with educational centres, governmental

institutions and business clusters to bring the needs of everyday life and the labour

market into non-formal and formal education. In order to do this, FF analyses

theoretical frameworks and concepts, selects information and data, detects people and
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organizations' educational necessities, and ensures the quality of processes with

measurable indicators that take into account the impact raised through the target

groups-tailored educational results.
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2. Biodiversity

2.1. What is biodiversity and why is it important?

The term Biodiversity (from “biological diversity”) refers to the variety of life on Earth at all its

levels, and can encompass the evolutionary, ecological, and cultural processes that sustain

life. In other words, biological diversity is the variety of life on Earth, from genes and bacteria

to entire ecosystems such as forests or coral reefs (American Museum of Natural History). The

biodiversity we see today is the result of 4.5 billion years of evolution, increasingly influenced

by humans.

Biodiversity is not static, but constantly changing. It is increased by genetic change and

evolutionary processes and reduced by processes such as habitat degradation, population

decline and extinction.

Biodiversity is critically important – to our health, to our safety and, probably, to our

businesses or livelihood, as it forms the web of life that we depend on for so many things –

food, water, medicine, a stable climate, economic growth, among others. Over half of global

GDP is dependent on nature. More than 1 billion people rely on forests for their livelihoods,

and land and the ocean absorb more than half of all carbon emissions.

According to a UN report published in 2019, up to one million species of fauna and flora are

expected to be threatened with extinction, out of an estimated 8 million on the planet, many

of them within the next decades. Ecosystems take millions of years for life to return to

previous levels of diversity (Biodiversity-info, 2014).

Up to one million species are threatened with extinction, many within decades. Irreplaceable

ecosystems like parts of the Amazon rainforest are turning from carbon sinks into carbon

sources due to deforestation. Moreover, 85 percent of wetlands, such as salt marshes and

mangrove swamps which absorb large amounts of carbon, have disappeared. 

Biodiversity is declining globally, faster than at any other time in human history. The world’s 7.6

billion people represent just 0.01% of all living things by weight, but humanity has caused

the loss of 83% of all wild mammals and half of all plants. Biodiversity loss, or in other words,

the loss of life on Earth at various levels, ranging from reductions in the genetic diversity to the

collapse of entire ecosystems, is one of the top five risks in the World Economic Forum’s 2020

Global Risks Report.

The loss of biodiversity is:

• a climate issue – the destruction of ecosystems and soils is accelerating global

warming, while restoring nature mitigates climate change.

• a business issue — natural capital provides basic resources for industry and

agriculture.

5

https://ipbes.net/news/Media-Release-Global-Assessment
https://www.theguardian.com/environment/2018/may/21/human-race-just-001-of-all-life-but-has-destroyed-over-80-of-wild-mammals-study
https://www.weforum.org/reports/the-global-risks-report-2020
https://www.weforum.org/reports/the-global-risks-report-2020


• a security and protection issue — the loss of natural resources, especially in

developing countries, can lead to conflicts and increases vulnerability to natural

disasters everywhere.

• a food security issue – plants and animals, including pollinators and soil organisms,

play a vital role in our food system.

• a health issue – the destruction of nature increases the risk and reduces our resistance

to diseases. Nature also has a beneficial impact on people's mental health and

well-being.

• an equality issue – biodiversity loss mainly affects the poorest, which exacerbates

inequalities.

• an intergenerational issue — we deprive our descendants of the basis for a complete

life.

2.2. Types of biodiversity

Biodiversity is usually considered at three levels:

2.2.1. Species Diversity:

According to Biological Species Concepts (BSC), species is a basic unit of classification and is

defined as a group of similar organisms that interbreed with one another and produce

offspring and share a common lineage. Species diversity refers to biodiversity at the most basic

level and is the ‘variety and abundance of different types of individuals of a species in a given

area’. It includes all the species on Earth, ranging from plants such as bacteria, viruses, fungi,

algae, bryophytes, pteridophytes, gymnosperms, angiosperms and all the species of animals

including unicellular protozoans to mammals.

Certain regions support more diverse populations than others. Regions that are rich in

nutrients and have well balanced climatic factors, such as moderate temperature, proper light

and adequate rainfall, show high degree of diversity in their life forms. The tropical areas

support more diverse plant and animal communities than the desert and polar areas, for

example, tropical forest has a higher species diversity as compared to a timber plantation. The

regions that are rich in species diversity are called hotspots of biodiversity.

2.2.2. Genetic Diversity:

‘Genetic diversity pertains to the range of diversity in the genetic resources of the organisms’

(Crop Research Institute, 2015). Every individual member of a plant or animal species differs

from other individuals in its genetic constitution. Each individual has specific characters, which

is due to the genetic makeup or code. The genes present in the organisms can form an infinite

number of combinations that causes genetic variability.
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Humans, like all species, exhibit genetic diversity, making each individual distinct from one

another. This diversity also exists within species, such as different types of rice, wheat, apples,

mangoes, etc. that have variations in shape, size, flower color, and fruit taste. The term 'gene

pool' refers to the genetic diversity in a species, including both wild and domesticated varieties.

Over time, wild species intermix to create new varieties, and domesticated crops and animals

have evolved from their wild ancestors.

Genetic variability is essential for a healthy breeding population, the reduction in genetic

variability among breeding individuals leads to inbreeding which in turn can lead to extinction

of species. In the recent decades, a new science named ‘biotechnology’ has emerged. It

manipulates the genetic materials of different species through various genetic recombinations

to evolve better varieties of crops and domestic animals.

2.2.3. Ecological/Ecosystem Diversity:

Each ecosystem consists of organisms from many different species, living together in a region

connected by the flow of energy and nutrients. The Sun is the ultimate source of energy for all

the ecosystems. The Sun’s radiant energy is converted to chemical energy by plants. This

energy flows through the different systems when animals eat the plants and then are eaten, in

turn, by other animals. Fungi and bacteria derive energy from the decomposing dead

organisms, releasing nutrients back into the soil as they do so.

An ecosystem, therefore, is a collection of living components, like microbes, plants, animals,

fungi, etc. and non-living components, like climate, matter and energy that are connected by

energy flow. Ecological diversity refers to the ‘variability among the species of plants and

animals living together and connected by flow of energy and cycling of nutrients in different

ecosystems or ecological complexes’. It also includes variability within the same species and

variability among the different species of plants, animals and microorganisms of an ecosystem.

Thus, it pertains to the richness of flora, fauna and microorganisms within an ecosystem or

biotic community.

The richness of the biosphere in terms of varied life forms is due to the variations in the

ecosystems. The earth has a number of ecosystems like grasslands, forests, semi arid deserts,

marine, freshwater, wetland, swamp, marshlands etc. each one having its distinct floral, faunal

and microbial assemblages. Ecological diversity represents an intricate network of different

species present in local ecosystems and the dynamic interaction among them. The ecological

diversity is of great significance that has developed and evolved over millions of years through

interactions among the various species within an ecosystem.

2.3. Relationship between biodiversity and environment

It would be convenient to start by establishing the difference between the environment and

biodiversity. Biodiversity is the variety of living organisms in a particular habitat whereas the

environment is the area and conditions under which an organism lives.
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The main driver of biodiversity loss remains humans’ use of land – primarily for food

production. Human activity has already altered over 70 percent of all ice-free land. When land

is converted for agriculture, some animal and plant species may lose their habitat and face

extinction.  However,  climate change is playing an increasingly important role in the decline of

biodiversity. Climate change has altered marine, terrestrial, and freshwater ecosystems around

the world. It has caused the loss of local species, increased diseases, and driven mass mortality

of plants and animals, resulting in the first climate-driven extinctions. On land, higher

temperatures have forced animals and plants to move to higher elevations or higher latitudes,

many moving towards the Earth’s poles, with far-reaching consequences for ecosystems.

The risk of species extinction increases with every degree of warming.

Climate change could undermine our efforts for the conservation and sustainable use of

biodiversity. We need to help biodiversity adapt to changing temperature and water regimes

and we have to prevent, minimize and offset any potential damages to biodiversity arising from

climate change adaptation and mitigation measures.

The Commission White Paper on Adapting to Climate Change – Towards a European

Framework for Action (April 2009) and the EU Strategy on Adaptation to Climate Change both

recognised the importance of ecosystems in tackling climate change. The White Paper

encouraged the development of "measures which address biodiversity loss and climate change

in an integrated manner to fully exploit co-benefits and avoid ecosystem feedbacks that

accelerate global warming".

Protecting biodiversity can help us adapt to climate change. Healthy ecosystems will be more

resilient to climate change and so more able to maintain the supply of ecosystem services on

which our prosperity and wellbeing depend. Ecosystems-based approaches should be an

integral part of the overall adaptation and mitigation effort. We can, for instance, ensure the

effective management and restoration of Natura 2000 areas, working with, rather than against,

nature.

The impacts of climate change on man are largely mediated by natural systems. Climate change

will significantly affect economies and societies through its impacts on ecosystems.

Healthy ecosystems must lie at the center of any adaptation policy and can help mitigate

climate change impacts, by absorbing excess flood water or buffering us against coastal erosion

or extreme weather events. Forests, peatlands and other habitats are major stores of carbon.

Protecting them can also help us limit atmospheric greenhouse gas concentrations.

Consequently, 'conventional' pressures that cause the fragmentation, degradation,

overexploitation and pollution of ecosystems must be reduced ('ecosystem climate-proofing').

2.4. How biodiversity loss affects our health?

Healthy communities rely on well-functioning ecosystems. They provide clean air, fresh water,

medicines and food security. They also limit disease and stabilize the climate. But biodiversity
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loss is happening at unprecedented rates, impacting human health worldwide, according to

a state of knowledge report jointly published by the Convention on Biological Diversity (CBD)

and the World Health Organization (WHO).

What does biodiversity mean for human health?

People depend on biodiversity in their daily lives, in ways that are not always apparent or

appreciated. Human health ultimately depends upon ecosystem products and services (such as

availability of freshwater, food and fuel sources) which are requisite for good human health

and productive livelihoods. Biodiversity loss can have significant direct human health impacts if

ecosystem services are no longer adequate to meet social needs. Indirectly, changes in

ecosystem services affect livelihoods, income, local migration and, on occasion, may even

cause or exacerbate political conflict.

Additionally, biological diversity of microorganisms, flora and fauna provides extensive benefits

for biological, health, and pharmacological sciences. Significant medical and pharmacological

discoveries are made through greater understanding of the earth's biodiversity. Loss in

biodiversity may limit discovery of potential treatments for many diseases and health

problems.

Threats to biodiversity and health

There is growing concern about the health consequences of biodiversity loss. Biodiversity

changes affect ecosystem functioning and significant disruptions of ecosystems can result in life

sustaining ecosystem goods and services. Biodiversity loss also means that we are losing,

before discovery, many of nature's chemicals and genes, of the kind that have already provided

humankind with enormous health benefits.

Nutritional impact of biodiversity

Biodiversity plays a crucial role in human nutrition through its influence on world food

production, as it ensures the sustainable productivity of soils and provides the genetic

resources for all crops, livestock, and marine species harvested for food. Access to a sufficiency

of a nutritious variety of food is a fundamental determinant of health.

Nutrition and biodiversity are linked at many levels: the ecosystem, with food production as an

ecosystem service; the species in the ecosystem and the genetic diversity within species.

Nutritional composition between foods and among varieties/cultivars/breeds of the same food

can differ dramatically, affecting micronutrient availability in the diet. Healthy local diets, with

adequate average levels of nutrients intake, necessitates maintenance of high biodiversity

levels.

Intensified and enhanced food production through irrigation, use of fertilizer, plant protection

(pesticides) or the introduction of crop varieties and cropping patterns affect biodiversity, and

thus impact global nutritional status and human health. Habitat simplification, species loss and
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species succession often enhance communities' vulnerabilities as a function of environmental

receptivity to ill health.

Importance of biodiversity for health research and traditional medicine

Traditional medicine continues to play an essential role in healthcare, especially in primary

healthcare. Traditional medicines are estimated to be used by 60% of the world’s population

and in some countries are extensively incorporated into the public health system. Medicinal

plant use is the most common medication tool in traditional medicine and complementary

medicine worldwide. Medicinal plants are supplied through collection from wild populations

and cultivation. Many communities rely on natural products collected from ecosystems for

medicinal and cultural purposes, in addition to food.

Although synthetic medicines are available for many purposes, the global need and demand for

natural products persists for use as medicinal products and biomedical research that relies on

plants, animals and microbes to understand human physiology and to understand and treat

human diseases.

Infectious diseases

Human activities are disturbing both the structure and functions of ecosystems and altering

native biodiversity. Such disturbances reduce the abundance of some organisms, cause

population growth in others, modify the interactions among organisms, and alter the

interactions between organisms and their physical and chemical environments. Patterns of

infectious diseases are sensitive to these disturbances. Major processes affecting infectious

disease reservoirs and transmission include, deforestation; land-use change; water

management e.g. through dam construction, irrigation, uncontrolled urbanization or urban

sprawl; resistance to pesticide chemicals used to control certain disease vectors; climate

variability and change; migration and international travel and trade; and the accidental or

intentional human introduction of pathogens.

Climate change, biodiversity and health

Biodiversity provides numerous ecosystem services that are crucial to human well-being at

present and in the future. Climate is an integral part of ecosystem functioning and human

health is impacted directly and indirectly by results of climatic conditions upon terrestrial and

marine ecosystems. Marine biodiversity is affected by ocean acidification related to levels of

carbon in the atmosphere. Terrestrial biodiversity is influenced by climate variability, such as

extreme weather events (i.e. drought, flooding) that directly influence ecosystem health and

the productivity and availability of ecosystem goods and services for human use. Longer term

changes in climate affect the viability and health of ecosystems, influencing shifts in the

distribution of plants, pathogens, animals, and even human settlements.
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Summary

Key vocabulary

A brief explanation of the meaning of the main key words in this chapter follows as a glossary:

❖ Biodiversity (biological+diversity):

the variety of life on Earth, from

genes and bacteria to entire

ecosystems such as forests or coral

reefs (American Museum of Natural

History).

❖ Ecological diversity: is formed by the

network of different species present

in local ecosystems and the dynamic

interaction between them. It has

developed and evolved over millions

of years thanks to the interactions

between the different species in an

ecosystem.

❖ Biodiversity loss: the loss of life on

Earth at various levels, ranging from

reductions in the genetic diversity to

the collapse of entire ecosystems, is

one of the top five risks in the World

Economic Forum’s 2020 Global Risks

Report.

❖ Climate change: refers to long-term

changes in temperatures and weather

patterns. Since the 19th century,

human use of natural resources has

been the main driver of climate change,

mainly due to the use of fossil fuels,

such as coal, oil and gas, which produce

greenhouse gasses.

Main ideas

The following is a synthesis and summary of the main ideas contained in this chapter:

· Biodiversity refers to the variety of life on Earth at all its levels. The biodiversity we

see today is the result of 4.5 billion years of evolution, increasingly influenced by

humans.

· Biodiversity is declining globally, faster than at any other time in human history.

· Biodiversity is usually considered at three levels: Species, Genetic and Ecological

biodiversity.

· The main driver of biodiversity loss continues to be human land use, primarily for

food production, whose impact has altered more than 70% of ice-free land, leading to

climate change that is altering all ecosystems around the world.

· Climate change will significantly affect economies and societies through its impacts

on ecosystems.

· Human health ultimately depends upon ecosystem products and services (such as

availability of freshwater, food and fuel sources) which are requisite for good human

health and productive livelihoods.
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Tips for the teacher

The following are some activities that may be appropriate for implementing

the above content in the classroom with your students:

Activity 1: SMALL GESTURES, BIG RESULTS

Description: In this activity, each student commits to carry out a series of actions in favor of biodiversity

protection and the fight against climate change. To facilitate this task, each student will be given a

"commitment form" to fill out.

Objective: this activity aims to get students involved in solving the problem of climate change by taking

small individual actions.

Development: each student will fill out an individual commitment form with one or two actions for each

area: home, school and neighborhood.

Then, it would be important to generate a debate on the importance of individual actions in

the fight against climate change so that they understand that the sum of small actions

becomes an important action. The teacher can later check in with students on their progress

with their commitments and any challenges they face. Encouragement to persist is crucial in

forming lasting habits.

Activity 2: DECALOGUE OF GOOD PRACTICES

o Description: based on the commitments made by each of the students, they will elaborate,

together with the teacher, a decalogue of good practices to curb climate change. These

measures should not be very complex, as they should be assumable by all students, serving as

a reference for everyday life.

o Objective: the objective of this activity is to establish rules, agreed upon by the group, to

protect the environment and mitigate the effects of climate change.

o Development: the teacher can begin with a brainstorming session, so that students can

propose those actions they consider most relevant for environmental protection. Once all the

ideas have been collected, the teacher will ask the students to vote and the 10 most voted

ideas will be chosen. These ideas will form the decalogue of good practices for the fight against

climate change.
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3. Threats to biodiversity, its future in danger

3.1. Types of threats

Biodiversity refers to the variety of life and is crucial for a healthy ecosystem. It sustains life on

earth for present and future generations. A region with high biodiversity contains diverse

species including plants, animals, insects, fungi, and other organisms that form interconnected

ecosystems and maintain balance.

The growing human population exerts significant pressure on the planet, requiring more

resources and potentially disrupting ecosystem balance and reducing biodiversity. The

worldwide wildlife population has declined by 70% since the 1970s (WWF Living Planet Report,

2020). The continued loss of biodiversity threatens human survival as healthy ecosystems rely

on diverse species and humans need biodiversity for food and water. Biodiversity is essential

for the existence of life.

The major threats to biodiversity are:

Habitat Loss and Degradation

Biodiversity is threatened when there is significant habitat loss or degradation. This happens

when an area that was once used as a habitat is no longer inhabited by nature. Things like

deforestation, mining, agriculture and industrial activities often remove crucial habitat space

for wildlife and plants. However, natural events could also cause habitat degradation. This

would include events such as hurricanes, volcanic eruptions and forest fires.

Invasive Species

Loss of biodiversity also results from the introduction of invasive species (Marsh, 2021).

Invasive species are non-native plants or animals that pose a threat by outcompeting native

species. The Emerald Ash Borer, for instance, has decimated many ash trees in North America,

likely transported through cargo, leading to decreased biodiversity (Emerald Ash Borer, 2021).

Pollution

Pollution, whether in water, air, or land, poses a risk to biodiversity (United States

Environmental Protection Agency, 2022). Synthetic toxins and chemicals can cause extinction of

plants and animals, while even natural substances can become pollutants in excess. Plastic

pollution has reached deep into the oceans and even been detected in microscopic quantities

on Mount Everest and in the human digestive system.
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Climate Change

Rising global temperatures impact the environment. Changes in season timing affect wildlife

resource availability, leading to difficulties in adaptation. Climate change results in rising sea

levels and less sea ice, affecting both marine and land animals. As temperatures continue to

change, the threats to biodiversity will escalate.

Overexploitation of Natural Resources

Human activities like hunting, fishing, and harvesting of wildlife, plants, and other natural

resources pose a risk to biodiversity. Rapid loss of large populations of species can trigger a

chain reaction in the ecosystem. For instance, overfishing of a key predator can disrupt the

balance of prey populations. Additionally, excessive extraction of non-renewable resources can

impact human life.

Human Activity and Population

The rapid increase in human population impacts biodiversity. 200 years ago, the global

population was under 1 billion, but now it's over 7 billion and projected to reach 10 billion by

2050 (UN, 2019). The demand for resources such as food, water, and shelter increases with

population growth, leading to more human activity and a decline in biodiversity. Urbanization

and development also contribute, as people need space to live, work, and play, leading to

forests being replaced with concrete, causing wildlife to lose habitats and reducing plant

diversity.

3.2. The future of biodiversity

EU Biodiversity Strategy for 2030

On 20 May 2020, the Commission adopted a proposal on the EU Biodiversity Strategy for 2030.

Key actions to be implemented by 2030 under this strategy include:

• the creation of protected areas covering at least 30% of the EU's land area and marine

area, extending the coverage of Natura 2000 areas

• restoring degraded ecosystems across the EU by 2030, through several concrete

commitments and measures, including limiting the use and risk of pesticides by 50% by

2030 and planting 3 billion trees across the EU

• the allocation of EUR 20 billion € per year to protect and promote biodiversity, from EU

funds and from national and private funding

• the creation of an ambitious global biodiversity framework. The EU intends to set an

example at global level in this regard.

14



• The strategy lays the foundations for the EU's contribution to the upcoming UN Global

Biodiversity Framework post-2020 to be adopted at the Conference of the Parties to

the Convention on Biological Diversity in 2021.

• Following discussions and consultations at working party level, EU Member States

adopted the Council conclusions on the strategy and endorsed these objectives.

• This strategy is one of the most important initiatives of the European Green Deal. It

aims to make the EU economy sustainable and climate neutral by 2050. The Council

recognized in its conclusions that biodiversity loss and climate change are inherently

interlinked.

• Protecting and restoring nature and ensuring the proper functioning of ecosystems is

also essential to improve citizens' health and to prevent the emergence and spread of

diseases such as COVID-19. For this reason, the Biodiversity Strategy should be a

central element of the EU's recovery plan.

• The Council also stressed the need to step up efforts to address the direct and indirect

drivers of biodiversity loss and nature degradation. It reiterated the call for the full

integration of biodiversity objectives into other sectors such as agriculture, fisheries

and forestry, as well as for the coherent implementation of EU measures in these

areas.

• The conclusions provided political guidance for the implementation of the strategy by

the Commission and the EU Member States.

• Ministers called for a significant proportion of 30% of the EU budget and Next

Generation EU spending on climate action to be invested in biodiversity and

nature-based solutions to biodiversity and nature-based solutions to be invested in

biodiversity and nature-based solutions.

Biodiversity financing

The EU Biodiversity Strategy for 2030 aims to put Europe's biodiversity on a path to recovery by

2030 with benefits for people, the climate and the planet. To achieve this, the objectives of the

EU Biodiversity Strategy throughout the EU budget for the period 2021-2027 and the

EU Recovery and Resilience Facility are:

• 'a significant proportion of the [25]% [note: now 30%] of the EU budget dedicated to

climate action will be invested on biodiversity and nature-based solutions'. Increasing

synergies between climate and biodiversity finance provides significant potential to

help boost investments in biodiversity and nature-based solutions.

• 'at least 20€ billion a year should be unlocked for spending on nature' – through

private and public funding at national and EU level, including through a range of

different programmes in the next long-term EU budget.
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• 'under Invest EU, a dedicated natural-capital and circular-economy initiative will be

established to mobilize at least €10 billion over the next 10 years, based on

public/private blended finance'

The EU aims to allocate 7.5% of its 2021-2027 budget to biodiversity goals by 2024, rising to

10% in 2026 and 2027. In 2021, the Commission committed to doubling its funding for

biodiversity, focusing on vulnerable nations, in the 2021-2027 period. The EU budget must also

align with biodiversity conservation efforts and not harm biodiversity while supporting its

targets.

Tracking biodiversity expenditure in the EU budget

We need to track how much is spent on biodiversity objectives to ensure that our efforts and

spending have the desired positive outcomes for biodiversity and human well-being. As a party

to the UN Convention on Biological Diversity, the EU also needs to report on its domestic and

international biodiversity-related financial flows.

The EU tracks biodiversity in its 2014-2020 budget through a methodology developed by the

Institute for European Environmental Policy (2015). The methodology, based on OECD Rio

markers, tracks funding contributions to biodiversity objectives through EU funding

instruments such as the Common Agricultural Policy, Cohesion Policy, European Maritime and

Fisheries Fund, Horizon 2020, and LIFE program. The markers assign weighting to activities

based on their contribution to biodiversity, ranging from principal (100%), significant (40%) to

insignificant (0%). The assessment is done annually based on program statements in the

budget procedure.

The biodiversity tracking methodology was further updated in 2017 through a follow-up study

by the European Commission titled ‘Study on biodiversity financing and tracking

biodiversity-related expenditures in the EU budget’.

The report also reviewed opportunities for biodiversity funding in the EU 2014-2020 budget as

well as in the private sector, through payments for ecosystem services.

The Commission has implemented this tracking methodology until 2020, including through

providing ex ante estimates of how much different instruments contribute to biodiversity

objectives in the forthcoming EU budgets.

In May 2022, the Commission released a study on biodiversity financing and tracking which:

● presents the proposed new tracking methodology for biodiversity in the 2021-2027

MFF;

● provides an assessment of the funding needs to implement the EU Biodiversity

Strategy for 2030, current levels of funding, and the remaining finance gap. The study

finds that the scale of financing needs to deliver the Strategy, including baseline

expenditure, is estimated at around EUR 48 billion annually between 2021 and 2030,

i.e. a significantly higher amount than the EUR 20 billion/year highlighted in the

Biodiversity Strategy. It also estimates expenditure on biodiversity at ca. EUR 29 billion

annually over 2021-2030 including from the MFF and Member States national budgets
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and private financing. The remaining financing gap is estimated at ca. EUR 19 billion

per year from 2021 to 2030.

Summary

Key vocabulary

A brief explanation of the meaning of the main key words in this chapter follows as a glossary:

❖ Habitat loss: the reduction in the

amount of space where a

particular species or group of

species can survive and reproduce

❖ Invasive species: any plants or

animals that are unnatural or

non-native to an ecosystem

❖ Overabundance: an excessive

quantity

❖ Resources: a stock or supply of

money, materials, staff, food, water

etc that can be drawn on by a

person in order to function

❖ Overexploitation: the action or

fact of making excessive use of a

resource

❖ Implementation: putting a

decision or plan into effect,

execution

❖ Sustainable: able to be maintained

at a certain rate or level

❖ Objective: aim, intention

❖ Expenditure: the action of

spending funds

❖ Light pollution: the excessive or

poor use of artificial outdoor light
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Main ideas

The following is a synthesis and summary of the main ideas contained in this chapter:

· The loss of biodiversity and the issues that arise from it.

· The biggest threats to Earth’s biodiversity.

· The future of biodiversity as planned by the European Commission.

Tips for the teacher

The following are some activities that may be appropriate for implementing the

above content in the classroom with your students:

Activity 1

Use the suggestions in the conclusion section of this chapter to create a ‘Do’s’ and ‘Don’t’s’

chart for your classroom.

Activity 2

Create a crossword puzzle with the key vocabulary of this chapter to help your students learn

and understand it.

Activity 3

‘We have not inherited the Earth from our ancestors, but we have borrowed it from our

children’

Having in mind this beautiful Indian proverb, ask your students to search for similar proverbs or

sayings in your own language.

Alternatively, ask your students to search for myths, poems or written texts of the same idea to

present in the classroom.
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4. How can we protect our biodiversity?

4.1. Acting responsibly in nature

Responsibility refers to the accountability for one's actions and their consequences, with free

will being a requirement. Why should humans be responsible for nature? For the benefit of

future generations. If we damage the environment to a point where it becomes uninhabitable,

it will negatively impact future generations' quality of life. As we have a responsibility to ensure

future generations have a good life, which depends on a healthy environment, we must take

responsibility for preserving nature.

People support nature conservation in various ways, either actively or passively. Many opt for

eco-friendly lifestyles, reducing emissions, recycling waste, and being mindful of packaging

while shopping. Some support animal protection by donating to programs or sponsoring

animals. Conservationists also engage in advocacy through participating in campaigns or

protests with conservation organizations. Prominent organizations include Greenpeace, known

for their bold actions across various environmental issues, and WWF focused on species

conservation through campaigns, projects, and donations.

Habitat destruction: the example of forests

"From the Arctic to the tropics, from the deep sea to the mountain tops: animal and plant

species have adapted to the most diverse habitats over millions of years. If these are

destroyed, their inhabitants must emigrate or become extinct." (Bruelheide et al., 2018)

Since industrialization began, humans have altered nature more and more to suit themselves.

This has led to the construction of tunnels, highways, and industrial areas, causing harm to

various habitats, especially forests. Forests include deciduous, mixed, coniferous, and

rainforests, but today, few large intact forest areas remain. The largest forests can be found in

Russia and South America, but even these are being destroyed. Trees are cut for furniture,

wildlife important to the forest ecosystem is trapped, and forests are cleared for cities and

roads. Mining for precious metals also pollutes rivers, such as the Amazon, with toxins like

mercury. These actions set a chain reaction in motion, with toxins from polluted rivers

absorbed by trees, entering the food chain, and affecting the health of both wildlife and

humans who rely on the ecosystem.

Large-scale deforestation destroys habitats abruptly, leaving animals without shelter and food,

and even weaker trees unprotected. One of the worst forms of destruction is slash and burn,

where trees are cut and burned to create fertile soil and space for future construction.

However, farming depletes the soil nutrients, forcing farmers to move on, leaving the soil

unusable and leading to vast grasslands and steppes. This massive deforestation, particularly of

tropical forests, contributes significantly to climate change, as forests absorb carbon dioxide

and release oxygen. With the absence of forests, the atmosphere is slowly being damaged and
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the release of exhaust gases exacerbates the problem, causing more frequent and intense

storms, floods, and landslides, which could have been prevented or reduced by preserving

contiguous forest masses.

Every minute, 26 hectares of forest are being destroyed. If this destruction continues, all

forests on Earth will be gone within 80 years.

Breaking the law

Laws protect the environment and endangered species, but some people disregard them.

Poachers trap rare animals for profit, selling them to zoos, collectors, or shops. Governments

face difficulty catching poachers, and even if caught, they may only receive fines or prison. The

tourism industry also harms nature through the sale of illegal souvenirs, such as turtle shells

and corals. Despite tourists' often unaware involvement, governments are cracking down by

restricting the export of these items and inspecting luggage at customs. More travel guides and

local sources educate tourists on which items are prohibited.

Illegal trade in animals is a widespread issue. Protected species, particularly reptiles, are sold to

zoos and pet shops through illegal means, and they are often transported under cruel

conditions. Fishing practices that violate laws, such as using trawls in restricted areas, result in

the entanglement and death of marine life, including sharks, seals, and dolphins. In some

countries, consumption of protected species, such as snakes, tigers, and turtle soup, is still

prevalent in restaurants, leading to further endangerment. Uninformed tourists who want to

try new dishes and locals who consider these dishes a delicacy contribute to this problem.

Breeding stations and zoos

Animal reintroduction stations exist in many countries to nurse injured and sick animals back to

health. Once these animals recover, they may be released into the wild or, if they've become

too used to captive life, they may be given to zoos or research stations for observation and

breeding attempts. However, many zoos have inadequate conditions such as small cages, poor

hygiene, and excessive exposure to visitors. But there is hope for improvement as more zoos

are renovating to provide better living conditions that are more suitable to each species and

provide environments closer to nature.

Despite efforts towards nature conservation and increasing laws to protect it, there are still

numerous activities and individuals causing harm to the environment. If the destruction of

nature continues at its current rate, it could lead to the collapse of the global ecosystem.
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4.2. Changing our habits to protect our nature: the 6 R's

(Rethink, Refuse,  Reduce, Re-use, Repair, Recycle)

Protecting nature through sustainable living can be achieved with simple steps. Start by

reevaluating your consumption habits, using the "6R rules" as a guide (Mridul, 2021;

ZeroWaste Center, 2021; Rinalducci, 2022).

Rethink

To protect the environment, we need to adopt sustainable practices. This starts with changing

our mindset and seeking knowledge about sustainable living. One way to do this is by

reviewing our consumption habits, using the "6R rules" (Mridul, 2021; ZeroWaste Center, 2021;

Rinalducci 2022) as a guide. Additionally, there are numerous sustainable apps available to help

us find eco-friendly alternatives and make informed choices about the products we purchase.

By incorporating sustainable practices into our daily lives, we can work towards a greener

future.

Refuse

We must minimize the use of single-use plastic by opting for unpackaged items, bringing our

own bags and containers, and avoiding straws. To support this, we can buy produce and

groceries from markets, farm shops, or unpackaged stores instead of supermarkets. This is a

conscious effort to avoid products packaged in plastic, not a sacrifice.

Reduce

We must reduce our plastic waste and reduce our consumption, and avoid goods that are

unnecessarily or excessively wrapped in plastic or made of plastic. Every bit of plastic we save

helps our environment. The plastic bag we leave in the supermarket can't be the plastic bag

that an animal suffers for.

This is also about the reduction of excessive consumption. A conscious and minimalist life is

not only healthy for oneself, but also for the environment. According to the motto: less is more

(more time, more freedom, more love, more money, more environmental protection,...).

The Golden Rule of Minimalism: "Does this thing add value to my life?"

This is the question we actually should ask ourselves whenever we think about making a new

purchase. Do I really need a new black T-shirt, even though I already have a few unworn ones

hanging in my wardrobe? What is the added value if I buy another pair of shoes? If we don't

find a meaningful added value for our lives and personalities, then we leave the item in the

shop. With this relatively simple question, we can already clean out some items or we won't

buy them in the first place.
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Re-use

We must choose reusable bags, straws, to-go cups, and make-up pads. Opt for paper, glass,

stainless steel, and wood instead of plastic. These materials can be easily reused, conserving

our planet's resources and decomposing naturally over time. Plastic, however, only breaks

down into microplastics and harms the environment.

Repair

Sustainability starts with proper care. Protect mobile phones with covers to avoid scratches,

and repair instead of replacing when a component is broken. Extend the lifespan of what we

own, repair broken items and clothes. Children's clothes can still be worn for play, even if they

are not in perfect condition. Practicing these habits contributes to sustainability.

Recycle

Practice recycling and upcycling when possible, and consider production and disposal before

making purchases. Plastic waste often ends up in landfills or oceans due to difficulty in

recycling, so let's take responsibility for what we produce. Remember, "waste is only waste

when we treat it as such". Recycling and upcycling should be a way of life.

4.3. The future is in our hands: the importance of education to

make new generations aware of their responsibility for the

future of our planet.

Child development involves learning through experiences in authentic outdoor spaces,

particularly in natural environments. However, adolescents' connection to nature is shifting

with changing upbringing conditions. Memories of childhood nature explorations highlight the

various physical, sensory, and spatial experiences. Research indicates that regular nature

exposure improves physical and mental health. Early access to natural environments during

childhood is crucial for shaping adult attitudes and behaviors, as parents and grandparents play

a significant role as mediators and examples.

Nature as an important place of learning

Nature is an ancestral learning space for children and provides a captivating environment for

their development. Regular exposure to nature not only offers unique experiences, but also

opportunities to understand living nature through the senses and develop an appreciation for

the relationship between people and the environment (Mygind et al., 2019; Chawla, 2020). A

lack of personal connection to nature and knowledge of plants, animals and their habitats

makes it difficult to comprehend the significance of biodiversity and its preservation (Remmele

& Lindemann-Matthies, 2018).
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Importance of the socialization context

The ability of children to be active outdoors and experience nature is primarily determined by

spatial conditions (e.g. location, traffic, proximity and availability of green spaces) and parents'

safety and educational views. Research shows that children with easy access to natural spaces

and supportive family environments have a stronger connection to nature. Parental nature

knowledge and the knowledge imparted by them also plays a crucial role in children's

familiarity with native plants and animals, supplementing their formal school education.

Increasingly incomplete knowledge of nature

The experience of nature is disappearing from children's daily lives. A Swiss study found that

16-year-olds only recognized an average of 5-6 plant and animal species, mostly garden plants

and domestic animals (Lindemann-Matthies, 2002). A German study revealed that 5-11

year-olds could only correctly identify 17-22% of 24 common native species (Remmele &

Lindemann-Matthies, 2018). The "Youth Report Nature" survey of German students in grades

6-9 shows a decline in young people's experiences and knowledge of nature over time (Koll &

Brämer, 2021).

More outdoor education

Educational institutions play a crucial role in increasing access to nature and promoting

environmental awareness for children, as they reach all children. It is crucial for schools to

prioritize familiarizing students with nature and its biodiversity. Regular outdoor learning

experiences enhance physical and mental health, concentration, confidence, social skills, and

understanding of nature (Tremblay et al., 2015; Mygind et al., 2019; Chawla, 2020).

Promotion of near-natural school areas

Many kindergartens and schools need to improve their outdoor spaces (including playgrounds

and break areas) to make them more natural and appealing for learning. This requires

collaboration between the school, external partners, and specialists.

From consumer education to political education

Focusing solely on individual responsibility for sustainability overlooks the influence of social

structures and cultural patterns. Consumption is culturally influenced and shaped by

institutions, making individual choices limited. Education for sustainable development should

not just focus on individual responsibility but also address the root causes of unsustainable

practices and promote competences for structural change (Schank & Rieckmann, 2019; Balsiger

et al., 2017). Education should aim to develop capacity for disruption and transgression of

dominant systems to promote ethical and meaningful lives (Wals, 2015).

Consumption, for example, is shaped not just by individuals but also by cultural norms

(Assadourian, 2010) and the market economy's drive for growth (Binswanger, 2012), which can

limit changes in individual behavior. While ESD often prioritizes individual responsibility, a focus

solely on individuals as private consumers hinders structural change needed for sustainability
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(Danielzik, 2013). ESD must also address societal structures and promote public transformation

(Grunwald, 2010) and examine the 'great transformation' (WBGU, 2011)

Sustainable transformation of society is a public task, not a private matter (Grunwald, 2010). It

needs the ability to challenge and challenge dominant and unquestioned frameworks that

determine social and economic behavior and prove to be highly resistant (Wals, 2015).

Education should empower learners to bring about structural change by developing relevant

skills (Schank & Rieckmann, 2019; Balsiger et al., 2017). The current discourse on sustainability

governance lacks emphasis on this ability and focuses more on coping with negative

consequences of current practices.

Summary

Key vocabulary

A brief explanation of the meaning of the main key words in this chapter follows as a glossary:

❖ Protection of biodiversity: refers

to the protection, upliftment, and

management of biodiversity in

order to achieve sustainable

benefits for present and future

generations.

❖ Nature conservation: encompasses

measures to preserve biodiversity.

It includes measures for the

protection of species as well as for

the management of ecosystems

and the restoration of disturbed

ecological relationships.

❖ Education for sustainable

development: means including key

sustainable development issues

into teaching and learning, aiming

to develop sustainability

competence such as anticipatory

thinking and systemic thinking.
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Main ideas

The following is a synthesis and summary of the main ideas contained in this chapter:

● Out of responsibility for future generations, we should protect nature.

● Both with changes in our consumption and with political activities, we can contribute

to the protection of biodiversity.

● An important field for nature conservation is the preservation and reforestation of

forests.

● There are many laws, e.g. for the protection of species, but these need to be better

controlled.

● Animal release stations and zoos can contribute to the conservation of biodiversity.

● The 6 R's (Rethink, Refuse, Reduce, Re-use, Repair, Recycle) help to rethink our own

consumption behavior.

● Experiencing nature makes an important contribution to education for sustainable

development.

● Education should enable learners not only to rethink their consumption behavior but

also to contribute to structural change.

Tips for the teacher

The following are some activities that may be appropriate for implementing

the above content in the classroom with your students:

Activity 1

The teacher introduces maps of global production networks (GPN) for electronic devices (such

as mobile phones). Students are divided into groups to analyze specific parts of the GPN. They

research the effect on biodiversity and natural resources (e.g. conflict, deforestation in the

Amazon, etc.) and examine the causes and consequences. The group presents and discusses

their findings. An alternative map of socio-environmental conflicts and erosion of biodiversity

is built. (https://aroundersenseofpurpose.eu/systems-sdg13-2/)

Activity 2

Split into groups, learners are asked to research a socio-environmental conflict related to

biodiversity in the Environmental Justice Atlas. They gather information and arguments from

various actors involved (e.g. company, government, local community, activist, NGOs) and

analyze each side's strengths and weaknesses (SWOT analysis). Each group member takes on

the role of an actor and creates a compromise solution, which is then strengthened through

discussion. The class then assesses the credibility and feasibility of each group's solution using

a barometer activity, where learners physically arrange themselves according to their level of

agreement.(https://aroundersenseofpurpose.eu/responsibility-sdg15/)
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Activity 3

Invite learners to view a documentary like "In Our Hands: Seeding Change" by Joe Barker

(2017) about community-led efforts to transform industrial food systems. If possible, attend a

local agro-ecological fair, producer, or cooperative to learn more. In class, discuss the impact of

changing consumer habits and identify barriers to change. Explore ways to change food

provision in the community and identify actors who can help make the shift.

(https://aroundersenseofpurpose.eu/values-sdg15/)

Activity 4

Record all food items consumed over a weekend, including product names, origin, variety, and

cost. Research the effects of production and transportation on the environment and local

communities. Present findings and discuss the impact of inexpensive food on the environment

and communities, and address the role of income and inequality in environmental injustice.

Discuss strategies for budgeting limitations during the exercise, and suggest alternative

approaches. (https://aroundersenseofpurpose.eu/empathy-sdg15/)
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5. The contribution of science and technology in the

protection and enhancement of our biodiversity: some

examples

The current era is called the 'Anthropocene' or the 'Human Age,' marked by significant

environmental changes and loss of biodiversity. At the same time, we live in the 'Information

Age,' where technology such as the internet, social media, and computing devices have

improved and connected our lives. The information revolution has resulted in rapid

advancements in computer and communication technology, enabling faster and larger data

collection, analysis, and storage.

Biodiversity technology advancements offer a chance to alter human impact on the planet

through the use of data analytics and technology to track and address global biodiversity loss

and climate change. The internet has given us a remarkable opportunity to observe and study

the natural world. Cost-effective and advanced sensor technology allows scientists to gather

more comprehensive and secure data with greater frequency. (O'Brien, 2015).

To address the rapid pace of environmental change and biodiversity loss, new tools must be

developed and evaluated to monitor biodiversity, assess human impact, and mitigate it. Quick

responses are needed to tackle emerging challenges, such as diseases causing frog extinction

or poaching rhinos for their horns. Advanced technologies provide the capability to monitor

environmental changes, establish new financial tools, and enhance global enforcement of

wildlife conservation.

Governments, international NGOs, and global organizations are collaborating to tackle

environmental hazards, with the aid of analytics technology. However, limitations in tracking

and enforcement due to restrictions and laws exist. Technology is aiding these efforts through

big data and automation solutions. AI and cloud technologies driven by data are increasingly

being employed by conservationists and policy makers to create effective programs and control

the illegal wildlife trade from top to bottom levels (Pimm et. al, 2015).

5.1. Geolocation systems

Preserving biodiversity requires data. Achieving the UN Sustainable Development Goals targets

requires an evidence-based approach to conservation and policy. This entails analyzing

high-quality monitoring data to support decision-making and evaluate intervention strategies.

The data-driven approach improves our understanding of current and emerging biodiversity

issues and predicts future species distribution and composition (Williams, 2021).

Gathering precise and timely information is a major challenge for both government and private

organizations in making these decisions. GPS helps to address this need.

Data collection systems furnish decision makers with descriptive information and precise

positional data about items dispersed across vast territories. GPS-collected position data can

be integrated into GIS software, enabling spatial analysis along with other information for a
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more comprehensive understanding of a situation than conventional methods. Combining

position information with other data types allows for analysis of environmental issues from a

new perspective (Pimm et. al, 2015). Accommodating both spatial and non-spatial data, GIS is

vital for monitoring biodiversity. GIS systems also increase transparency by providing public

access to information about protected areas. Some regions are already benefiting from GIS

tools (Heft, 2022).

A first example of where GIS can assist biodiversity monitoring is in the stage of identifying

possible areas for monitoring. For example, a management team wants to monitor snow

leopards in Manang. Using criteria concerning the habitat of snow leopards, GIS enables the

team to identify areas where they live. By overlaying within a GIS environment map layers of

distribution criteria, areas which match all the criteria can be identified within minutes. This

saves much fieldwork time, especially in mountainous areas where most wildlife habitat areas

are accessible only on foot (Snaddon et.al, 2013). Currently available floras, which provide

valuable information about the species distribution pattern, do not indicate specific locations.

With GPS, recent phytosociological surveys have provided enormous information on species

distribution with specific locations (Koomans et.al 2022).

The European Union through its funding programme Interreg has exemplified this try with The

SITXell project as a successful example of using GIS schemes based on scientific information

about the ecological and socio-economic values of natural areas. On a technical level it is a

cartographic database, which helps with analysis and planning of open areas. An important

advantage of the SITxell tool is its applicability in land planning processes, on both local and

regional level. Specifically, the aim of the initiative is to foster a new territorial analysis and

organizational strategy based on a multidisciplinary view of the territory and develop a cascade

planning model (territorial organization plans, master plans, town plans and management

plans) following a new concept and basic common information.

In addition, aerial studies of some of the world's most inaccessible wilderness are conducted

with the aid of GPS technology to evaluate an area’s wildlife, terrain, and human infrastructure.

By tagging imagery with GPS coordinates it is possible to evaluate conservation efforts and

assist in strategy planning. Some nations collect and use mapping information to manage their

regulatory programs such as the control of royalties from mining operations, definition of

borders, and the management of logging in their forests. The migratory patterns of endangered

species are tracked and mapped using GPS, helping scientists to preserve and enhance

declining populations. In earthquake prone areas GPS is playing an increasingly prominent role

in helping scientists to anticipate earthquakes. Using the precise position information provided

by GPS, scientists can study how strain builds up slowly over time in an attempt to characterize,

and in the future perhaps anticipate, earthquakes (Koomans et.al, 2022).

Another benefit of using GPS is the timeliness with which critical products can be generated.

Because GPS data are in a digital form available all the time and in all parts of the world, they

can be captured and analyzed very quickly. This means that it is possible for analysis to be

completed in hours or days rather than weeks or months. With the rapid pace of change in the

world today, these savings in time can be critical.
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The modernization of GPS will further enhance the support of GPS technology to the study and

management of the world’s environment. The United States initiatives will provide ecological

and conservation applications with increased accuracy, availability, and reliability. Tropical rain

forest ecology, for example, will benefit from the increased availability of GPS within heavy

foliage areas and the reduction of spatial error in fine-scale vegetation mapping (Interreg

Europe, 2019).

What is especially interesting to note, is the effect of mobile devices which allow staff to record

rapidly and accurately field data in electronic form, together with GPS data and photographic

images. This means that some of the most remote and inhospitable environments can collect

and rapidly transmit data. These and other technologies can aid wildlife conservation, but it is

important that these tools themselves do not drive conservation efforts. Along with the

increasing speed and connectivity of handheld devices, research is also moving towards

creating portable components for widespread use, such as smartphone apps for species

detection—creating a ‘Shazam’ for biodiversity (Koomans et.al 2022).

Last but not least, the application of integrated GPS/GIS technology to habitat utilization

models is particularly powerful because it is capable of identifying the areas of threatened

habitats that are most at risk. Thus, both GPS and GIS are essential tools for monitoring.

GPS-aided wildlife data is useful in various studies to understand the habitat distribution

patterns. The use of GPS surveys will help in estimating the accurate change in area, the kind of

species alternation and the exact coordinates of the area, while allowing for temporal

monitoring. Global research efforts aim to create databases on dynamics of tropical forests

across tropical countries, where GPS surveys are effectively used for long-term, large-scale

ecological research in biodiversity (GPS GOV, 2022).

In summary, remote sensing and GIS techniques play a significant role in mapping biodiversity

by providing sufficient tools and applications that not only help to measure diversity, but also

provide other ecological information necessary to conserve biodiversity. With new tools

emerging, future challenges can be overcome, making environmental data more easily

accessible for conservation ecologists.

5.2. Drones

Unmanned Aerial Vehicles, more commonly known as drones, have become a great ally to

conservationists. Indeed, they can help monitor species by providing aerial images of large

areas that are sometimes difficult to access.

Various countries have designated special zones in national parks and wildlife reserves where

strict laws are in place to prosecute offenders. However, lack of resources makes tracking illegal

activities difficult. National parks often cover thousands of square kilometers, making effective

monitoring of all areas difficult. Here, drone technology and surveillance tech can help humans

dramatically increase the range and effectiveness of their surveillance activities without having

to physically deploy people to remote locations (Lebleu, 2022).
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Some African governments have initiated SMART (Spatial Monitoring and Reporting Tool) to

handle the issue of the wildlife trade of various animal species. SMART enables them to gather,

analyze, and share data on wildlife, illegal poaching, and conservation, which leads to better

targeting of resources. By authorizing rangers and providing seamless tracking technology,

SMART monitors both animal movements and poachers' activities. With camera traps and

other sensor technologies, the conservation authorities can gather and observe massive

amounts of wildlife-related information. However, this still presents a challenge because, with

such a vast amount of data collected in the form of images and videos, it requires time to

process and deliver useful insights, plus massive investment is needed in physical infrastructure

(Wellers, 2022). While drones are now widely used to monitor forests, they could also be

highly effective to restore them. Indeed, tree-planting drones are being tested all around the

world. Drones are first used to map an area and decide where trees need to be planted, they

are then loaded seeds - usually in biodegradable pods - and the seeds are dropped (Silvestro,

2022).

Unmanned Aerial Vehicles (UAV) have already become an affordable and cost-efficient tool to

quickly map a targeted area in the arena of Ecological Monitoring and Biodiversity

Conservation. Managers, owners, companies and scientists are using professional drones

equipped with high-resolution cameras to assess the state of ecosystems, the effect of

disturbances, or the dynamics and changes of biological communities inter alia. UAV missions

are increasing but most of them are just testing its applicability. It is now a defining time to

assess the use of drones for these types of applications over natural areas and protected areas

(Delgado,2019), for a better understanding of biodiversity and ecosystem status, threats,

changes and trends.

Drones have potential, but face significant challenges for successful application. They could

detect poachers over large landscapes, monitor and follow both animals and people, and act as

relays for communication in remote areas. They might collect remotely sensed land-cover data

at a frequency and resolution not possible or practical with satellite or aircraft-based sensors.

However, the drones used are usually low-cost hobby-grade aircraft with short operating range,

basic imaging sensors (typically consumer-grade cameras), and limited ability to transmit data

instantly to a ground station.

The geospatial mapping industry continues to change considerably in recent years due to the

use of drones for generating maps of the surface of the Earth. So far, the use of drones in the

geophysical domain has been limited and most of this work is done with ground-borne surveys

or surveys from larger aircraft. In spite of that, the geophysical industry continues to evolve

and sensors have become smaller, lighter and more user friendly. Such smaller sensors can now

be used in combination with drones to map soil texture and soil contamination at high spatial

resolution (Silvestro et.al,2022).

It is now a defining time to assess the use of drones for these types of applications over natural

areas and protected areas. UAV missions are increasing but most of them are just testing its

applicability. It is time now to move to frequent revisiting missions, aiding in the retrieval of

important biophysical parameters in ecosystems or mapping species distributions (Monfort,

2022).
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5.3. Satellite Maps

Image texture has high potential for building habitat models to map and monitor biodiversity,

which is a rather challenging task, especially in ecosystems where variability within a given land

cover class is often high.

A key opportunity exists to advance ecological modeling for both predictive and explanatory

purposes by closely integrating species distribution models with remote sensing technologies².

Earth Observation satellites acquire continuous observations of ecosystem processes and

conditions in relation to distribution of species and biodiversity — for example, land surface

temperature and rainfall. Satellite and airborne remote sensing — combined with autonomous

devices such as thermal and motion sensitive cameras — may also provide valuable

supplementary information when estimating species occurrence and absence. As such,

initiatives from NASA’s Soil Moisture Active Passive (SMAP) satellite measures moisture in the

top 5 cm of soil globally every 2–3 days at a spatial resolution of 9km — 36km (ITU, 2022).

Although satellites cannot measure biodiversity as such from space, the data they deliver are

extremely useful and effective in mapping environmental change, observing trends, building

inventories – all of which are vital for safeguarding ecosystems and preserving the range of

species they support. Besides monitoring the disruption of natural habitats, satellite imagery

helps to focus conservation and restoration strategies, thereby improving the effectiveness of

biodiversity policies and management programmes. This kind of monitoring is generally based

on high to very-high resolution multispectral satellite sensors. As such, investigations are being

made into complementary techniques using instruments such as radar and lidars (ITU, 2022).

It is of vital importance that satellite remote sensors are being continuously launched by space

agencies. Whilst opportunities for advancing conservation science through development of

innovative remote sensing products has never been so promising, several practical issues limit

this potential. Logistical costs inherent within processing and analyzing big data from space —

in terms of computational resources, commercial software licensing, storage, and staff training

— is often very high, hampering widespread application of satellite monitoring within

conservation management (Delgado, 2019).

Another exciting initiative comes from Google with the launch of LifeGate- an interactive map

of biodiversity with data gathered from scientists all over the world. While LifeGate displays the

full diversity of life in a single interactive map, it is still a work in progress. It currently houses

2.6 million known species with 420,000 photos already live. But the underlying database

contains 12 million photos from over 6,000 citizens from all over the world. Right now, there

are a lot of photos of some species, but none of the others. That’s likely to change as new

images are being added to the map every day (Taylor, 2022).

In conclusion, little can be achieved without a robust understanding of the socio-ecological

system considered. Similarly, access to relevant field-based information is the key to satellite

imagery to be properly analyzed and validated. This need for close collaboration between

ecologists, modelers and remote sensing experts to derive meaningful information can

represent a serious challenge.
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Summary:

Key vocabulary

❖ Data analytics: Data analytics (DA)

is the process of examining data

sets using a range of tools,

technologies, and processes in

order to find trends and draw

conclusions about the information

they contain.

❖ AI: Artificial intelligence is the

ability for a computer to think and

learn. With AI, computers can

perform tasks that are typically

done by people, including

processing language,

problem-solving, and learning.

❖ Position data: Or Location data/

Spatial data/ Geographic data

refers to information related to

objects or elements present in a

geographic space or horizon.

❖ Geographic Information System

(GIS): Computer-based tools used

to store, visualize, analyze, and

interpret geographic data.

❖ Land planning processes: The

process of regulating the use of

land by a central authority.

❖ Habitat utilization models: A

method for predicting the

suitability of a location for a

species, or group of species, based

on their observed relationship with

environmental conditions.

❖ Remote sensing: The process of

detecting and monitoring the

physical characteristics of an area

by measuring its reflected and

emitted radiation at a distance

(typically from satellite or aircraft).

❖ Unmanned Aerial Vehicles:

Commonly known as a drone, is an

aircraft without any human pilot,

crew, or passengers on board.

❖ Satellite imagery: Images of Earth

collected by imaging satellites used

for tracking and measuring human

and natural activity across the

Earth.
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Main ideas

● The Information Age/ revolution has caused rapid advances in computer and

communication technologies, offering the ability to monitor environmental change,

create new financial tools, and improve global enforcement against wildlife.

● Biodiversity technologies present humans with an opportunity to change their impact

on the planet, by using data analytics and technology in order to monitor and respond

to global biodiversity loss and climatic changes. The analysis of high-quality monitoring

data enhances the understanding of current and emerging biodiversity challenges, and

facilitates predictions of future species distribution and composition. This informs

decision-making and validates intervention strategies.

● The Global Positioning System (GPS) collects position data, which are imported into

geographic information system (GIS) software. By connecting position information with

other types of data, it is possible to analyze many environmental problems from a new

perspective. GPS helps conduct aerial studies of some of the world's most inaccessible

wilderness. GIS technique plays a significant role in mapping and conserving

biodiversity.

● Drones with high-resolution cameras assess the state of ecosystems, the effect of

disturbances, or the dynamics and changes of biological communities. They help

monitor species by providing aerial images of large areas and observe massive

amounts of wildlife-related information. Tree-planting drones could be used to restore

forests, or to map soil texture and soil contamination at high spatial resolution, with

the use of small sensors.

● Earth Observation satellites acquire continuous observations of ecosystem processes

and conditions in relation to distribution of species and biodiversity. The data they

deliver are extremely useful in safeguarding ecosystems and preserving the range of

species they support, thereby improving the effectiveness of biodiversity policies and

management programmes.

Tips for the teacher

The following are some activities that may be appropriate for implementing

the above content in the classroom with your students:

Activity 1

Create a crossword puzzle with the key vocabulary of this chapter to help your students learn

and understand it.

Activity 2

Get them hooked on the topic. Try asking them if they want to learn about a rather fascinating

topic. Storytelling is a crucial tool when it comes to teaching kids about anything, but especially

tech and the environment.
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Activity 3

Little kids generally want to help society and the world. That is why many children dream of

becoming doctors, scientists, firefighters, and astronauts. You’ll certainly grab their attention if

you explain that they can help prevent the terrible things that are happening to the planet, if

they learn the important role of technology and science in achieving so. Once you do that, the

easy part is over.

Activity 4

Try role-playing games in the classroom. Assign to a student/ a group of students a role

relevant to what they’ve learned from this chapter. For example, a student could be a satellite,

a drone or a GPS system. They can wear relevant costumes and be assigned the task to

introduce themselves as a satellite etc. to the classroom. This is a fun way to attract their

attention and engage them in the subject!
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6. Conclusion

Biodiversity provides many goods and services essential to life on earth. The management of

natural resources can determine the baseline health status of a community. Environmental

stewardship can contribute to secure livelihoods and improve the resilience of communities.

The loss of these resources can create the conditions responsible for morbidity or mortality.

Biodiversity supports human and societal needs, including food and nutrition security, energy,

development of medicines and pharmaceuticals and freshwater, which together underpin good

health. It also supports economic opportunities, and leisure activities that contribute to overall

well being. Land use change, pollution, poor water quality, chemical and waste contamination,

climate change and other causes of ecosystem degradation all contribute to biodiversity loss

and can pose considerable threats to human health. Human health and well-being are

influenced by the health of local plant and animal communities, and the integrity of the local

ecosystems that they form.

This manual has gathered some key concepts on what biodiversity is and what its destruction

means for the planet and for our health. It has also collected its principal threats, and

highlighted that today's children are tomorrow's parents and decision-makers. On the way to a

sustainable transformation of our society, as envisaged by the 2030 Agenda, many hopes rest

on the next generation. Acting responsibly and environmentally consciously in this regard

requires appropriate knowledge. In this sense, diverse experiences of nature are a central

prerequisite for children to develop a fundamental understanding of biodiversity and to

perceive themselves as part of the environment. This document has also shown how science

and technology can contribute to the protection and enhancement of  biodiversity.

This information has been put together in order to support teachers to, in the first place, be

better informed on the topic of the SUSTAIN project, and then to transmit this knowledge to

their students in their teaching and extracurricular activities.
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