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Before we can understand how 

landscapes function, we must 

ground ourselves in the 

fundamental principles that 

define the discipline — its 

origins, its evolution, and the 

conceptual frameworks that 

guide modern research.

Foundations of Land Ecology



Land ecology is the scientific study of the relationships 
between living organisms and their terrestrial 
environment. It examines how spatial patterns — the 
arrangement of habitats, landforms, and ecosystems —
influence ecological processes across landscapes.

The term "ecology" itself derives from the Greek words 
oikos (home) and logos (study), first coined by the German 
biologist Ernst Haeckel in 1869. Haeckel envisioned a 
science that would unravel the complex web of 
interactions between organisms and their surroundings.

Today, land ecology integrates principles from biology, 
geography, soil science, and remote sensing to understand 
how landscapes function as dynamic, interconnected 
systems.

What Is Land Ecology?



Ecology Through the Ages: From Cells to Landscapes

The intellectual trajectory of ecology has shifted dramatically over the past half-century, moving from microscopic scales to 

the sweeping complexity of entire landscapes.

1970s — Hierarchical Focus

Ecology organized itself around levels of biological 

organization — from cells and organisms to 

populations, communities, and the biosphere. 

Researchers sought universal principles governing each 

level.

1980s — Landscape Emergence

A paradigm shift occurred as scientists recognized that 

spatial arrangement matters. Landscape ecology 

emerged as a distinct subdiscipline, blending ecological 

theory with geographic analysis.

Today — Integration Debate

The key question persists: Is landscape ecology a 

mainstream branch of ecological science, or does its 

emphasis on spatial heterogeneity make it a uniquely 

positioned field?

Ecology Through the Ages: From Cells to Landscapes



Core Idea

Landscapes are not uniform expanses. They are mosaics of 

patches — discrete areas differing in size, shape, 

composition, and ecological function — embedded within a 

surrounding matrix.

These patches are shaped by both natural forces (fire, 

flooding, wind) and human activities (agriculture, 

urbanization, logging), creating complex spatial 

arrangements that profoundly influence biodiversity and 

ecosystem services.

Forest Fragments

Remnant woodland patches surrounded by cleared land

Wetlands

Marshy depressions that filter water and harbor unique species

Agricultural Fields

Croplands forming geometric patterns across the matrix

The Landscape Mosaic Concept



A World of Patterns

From space, the landscape mosaic 

becomes strikingly visible — a 

tapestry of forests, fields, wetlands, 

and urban corridors interwoven 

across the Earth's surface. Each 

patch tells a story of ecological 

history, human influence, and 

ongoing environmental change.



Spatial Patterns and 

and Ecological 

Processes

How the arrangement of 

habitat patches across a 

landscape governs species 

survival, ecosystem function, 

and the flow of energy through 

living systems.



When continuous habitats are broken into isolated fragments, the ecological 

consequences can be severe. Fragmentation reduces the total habitat area 

available to species while simultaneously increasing the proportion of edges —

the boundaries where different habitat types meet.

Isolation Effects

Species in small, 

disconnected 

patches face higher 

extinction risk due 

to limited resources, 

reduced genetic 

diversity, and 

vulnerability to 

stochastic events.

Edge Effects

Microclimates shift 

near fragment 

boundaries —

higher light, wind, 

and temperature 

create conditions 

favoring generalist 

and invasive species 

over specialists.

Real-World 
Impact

Lyme disease 

prevalence has 

been directly linked 

to fragmented 

forest edges, where 

tick-carrying white-

footed mice thrive 

in disturbed 

habitats.

Habitat Fragmentation and Patch Dynamics



Connectivity — the degree to which a 
landscape facilitates or impedes 
movement among habitat patches — is 
critical for maintaining healthy 
ecosystems. Without adequate 
connectivity, populations become 
genetically isolated, species cannot 
migrate in response to changing 
conditions, and ecosystem resilience 
declines.

Tools for Connectivity

• Corridors: Linear strips of habitat 
linking larger patches, enabling safe 
movement for wildlife

• Stepping stones: Small, dispersed 
habitat patches that act as intermediate 
refuges during dispersal

• Metapopulation dynamics: Networks 
of sub-populations exchanging 
individuals, buffering against local 
extinctions

Connectivity and Movement Across Landscapes



The size, shape, number, and spatial arrangement of habitat patches directly affect how energy flows, how species interact, and whether 

populations persist over time.

Patch Size

Small populations in tiny patches face 

elevated extinction risk from 

demographic stochasticity and 

environmental fluctuations.

Rescue Effects

Immigration from nearby patches can 

stabilize declining populations — a 

phenomenon known as the "rescue 

effect" in metapopulation theory.

Edge Parasitism

Brown-headed cowbird parasitism 

increases dramatically near forest edges, 

devastating songbird populations nesting 

in small fragments.

Landscape Structure Influences Ecosystem Function



Landscape Anatomy: Patch, Matrix, and Corridor



Human Impacts 

and Ecosystem 

Engineering

Humanity's fingerprint on the 

landscape is undeniable. From the 

plow to the skyscraper, human 

activities have fundamentally reshaped 

terrestrial ecosystems — creating 

novel mosaics with profound 

ecological consequences.



Agricultural Transformation

Farming has converted roughly 40% of 

Earth's ice-free land, replacing diverse 

natural habitats with monocultures and 

creating sharp boundaries between wild and 

cultivated landscapes.

Urbanization & Sprawl

Urban expansion fragments natural habitats 

into ever-smaller patches, disrupts hydrology, 

and introduces light, noise, and chemical 

pollution into surrounding ecosystems.

Disturbance Regime Alteration

Fire suppression, dam construction, and land 

clearing have fundamentally altered the 

natural disturbance cycles that many 

ecosystems depend upon for regeneration 

and renewal.

Humans as Ecosystem Engineers



The advent of satellite-based remote sensing has 

revolutionized landscape ecology, allowing scientists to map, 

monitor, and quantify landscape features at unprecedented 

scales.
By capturing reflected energy in the visible and near-infrared 

spectra, satellite sensors can distinguish between vegetation 

types, assess canopy health, and detect land-use changes over 

time. Near-infrared reflectance is particularly powerful — healthy 

vegetation reflects strongly in this band, making it possible to 

map forests, grasslands, and croplands with remarkable 

precision.
Key Applications
• Mapping vegetation cover and land-use types

• Monitoring deforestation and habitat loss

• Quantifying landscape metrics (patch size, edge density)

• Guiding large-scale conservation planning

Remote Sensing and Landscape Ecology



A warming climate is redrawing the ecological map of the planet. As temperatures rise 

and precipitation patterns shift, species are forced to track suitable conditions — often 

uphill or poleward — reshaping the very structure of landscapes.

Vegetation Shifts

Plant communities are migrating in response to warming, with treelines advancing 

upslope in mountainous regions and shrubs colonizing previously barren tundra.

Altered Disturbance Patterns

Wildfires are becoming more frequent and intense, insect outbreaks are 

expanding into new territories, and drought cycles are deepening across arid and 

semi-arid landscapes.

Geomorphic Feedbacks

Vegetation loss exposes soils to erosion, triggering feedback loops where 

landscape degradation accelerates climate-driven ecological change.

Climate Change and Landscape Responses



Satellite imagery reveals the 

staggering pace of landscape 

change. Over just decades, vast 

expanses of primary forest have 

been cleared, fragmented, and 

replaced by agricultural land and 

expanding urban footprints — a 

visual testament to the power of 

human modification.

A Landscape Transformed



Advanced Concepts and Modeling

Modern land ecology 

increasingly relies on 

sophisticated computational 

models to untangle the complex 

feedbacks between living 

systems, physical landscapes, 

and climatic forces operating 

across vast spatial and temporal 

scales.



Eco-geomorphic models represent a cutting-edge integration of 

ecological and earth science, linking vegetation dynamics, soil 

processes, and landscape evolution into unified frameworks.

These models address fundamental questions about how climate, 

topography, and biotic factors interact over timescales ranging from 

seasons to millennia. They reveal how vegetation stabilizes slopes, how 

erosion reshapes habitat distribution, and how feedbacks between life 

and land create emergent landscape patterns.

Example: Hillslope asymmetry — where north- and south-

facing slopes develop strikingly different vegetation and soil 

profiles — emerges naturally from eco-geomorphic feedbacks 

between solar exposure, moisture availability, and erosion 

rates.

Linking Ecosystem and Earth Surface Models



In arid and semi-arid landscapes, vegetation often arranges itself into striking geometric patterns — bands, labyrinths, 

and spots — without any external template. These patterns emerge from local interactions between plants and the 

redistribution of scarce water resources.

Banded Patterns

Parallel vegetation stripes 

perpendicular to slopes, formed as 

runoff concentrates downhill into 

vegetated zones that capture and 

retain water.

Labyrinthine Patterns

Complex, winding vegetation 

networks that emerge on flatter 

terrain, where water redistribution 

lacks a dominant directional flow.

Spot Patterns

Isolated vegetation clusters in the 

most arid conditions — a potential 

early warning signal of 

approaching desertification 

thresholds.

Self-Organized Vegetation Patterns



To manage and study vast terrestrial landscapes systematically, ecologists and land managers classify land into hierarchical units based on shared soil-

landscape properties, climate, and vegetation characteristics.

1

LRRs

Broad regions

2
MLRAs

Major Land Resource Areas

3
LRUs

Land Resource Units

4
Ecological Sites

Site-specific classifications

Hierarchy of Ecological Sites and Land Resource Regions



The USDA's Land Resource Region framework 

divides the continental United States into 

broad geographic areas sharing similar soils, 

climate, water resources, and land uses. This 

spatial hierarchy enables ecologists and land 

managers to tailor conservation strategies, 

agricultural practices, and ecological 

assessments to the unique characteristics of 

each region.

Land Resource Regions of the United States



Conservation and Future Directions

Armed with deepening 

knowledge of landscape 

dynamics, ecologists are 

developing bold strategies to 

protect biodiversity and build 

resilient ecosystems in an era of 

unprecedented change.



Preserve Large Patches

Maintaining sizable, intact habitat areas 

is the single most effective strategy —

large patches support greater species 

diversity, buffer interior species from 

edge effects, and sustain viable 

population sizes.

Enhance Connectivity

Establishing wildlife corridors, riparian 

buffers, and stepping-stone habitats 

allows species to move between 

fragments, maintaining gene flow and 

enabling recolonization after local 

extinctions.

Manage Edges Actively

Reducing edge-to-interior ratios through 

buffer planting, restoring native 

vegetation at boundaries, and controlling 

invasive species that exploit edge 

habitats are critical for maintaining 

fragment quality.

Case Study: Research consistently 

demonstrates that species diversity declines 

precipitously near fragment edges, reinforcing 

the importance of minimum critical fragment 

size — the threshold below which a patch can 

no longer sustain its characteristic biological 

community.

Managing Fragmented Landscapes for Biodiversity



Advancing the Toolkit
Breakthroughs in remote sensing, ecohydrology, and 

landscape evolution modeling are equipping 

ecologists with increasingly powerful predictive tools. 

Drone-based surveys, LiDAR terrain mapping, and AI-

driven image classification are transforming how we 

monitor and understand landscape change.

A Vision for the Future
The ultimate goal is to develop predictive frameworks

that guide climate adaptation strategies and land-use 

planning, enabling societies to harmonize human needs 

— food production, urban development, economic 

growth — with the ecological integrity that sustains all 

life on Earth.

Integrating Technology and Ecology for 

Sustainable Landscapes



Dynamic Interplay

Land ecology reveals the profound and enduring connections between life, 

space, and human influence — a tapestry of interactions that shape every 

terrestrial ecosystem on Earth.

Spatial Understanding

Comprehending how spatial patterns govern ecological processes is essential

for conserving biodiversity, maintaining ecosystem services, and adapting to a 

rapidly changing world.

A Call to Action

Embracing landscape thinking — seeing beyond individual species or sites to 

the interconnected whole — is our best path toward building resilient, 

sustainable futures for both people and nature.

"In the end, we will conserve only what we love, we will love only what we understand, 

and we will understand only what we are taught." — Baba Dioum

Conclusion: The Living Landscape



Land Managed and Managing 
Systems

CONCEPT OF LAND MANAGEMENT 
AND CONTROL SYSTEMS

LM-W02-V09

MICRO-CREDENTIAL

LAND MANAGEMENT IN CENTRAL 
ASIA

4.- Land as a Natural and Ecological 
Resource

Land Ecology Review

LM-W04-V28


	Diapositiva 1
	Diapositiva 2
	Diapositiva 3
	Diapositiva 4
	Diapositiva 5
	Diapositiva 6
	Diapositiva 7
	Diapositiva 8
	Diapositiva 9
	Diapositiva 10
	Diapositiva 11
	Diapositiva 12
	Diapositiva 13
	Diapositiva 14
	Diapositiva 15
	Diapositiva 16
	Diapositiva 17
	Diapositiva 18
	Diapositiva 19
	Diapositiva 20
	Diapositiva 21
	Diapositiva 22
	Diapositiva 23
	Diapositiva 24
	Diapositiva 25
	Diapositiva 26

