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Organisms in the 
Landscape
MODULE: 11 ORGANISMS IN THE LANDSCAPE
UNIT: 02 LANDSCAPE ECOLOGY

Objectives

 At the end of this series of lectures, you should be able to: 
1. Define terms

2. Discuss how spatial pattern influences organisms.
3. Review how metapopulations and ecotones influence the 

distribution and movement of organisms.
4. List and discuss the different levels of the ecological hierarchy 

and describe variables that can be measured at each level.  
5. Describe how landscape patterns can influence interspecific 

interactions.

Overview

 Until the 1970s researchers restricted their investigations to 
homogeneous areas or considered the areas homogeneous. 

 In the 1980s patch theory presented a simplified view of 
heterogeneity. 
 Homogenous patches were set in a ecologically neutral matrix.

 Use of early metapopulation theory. 

 This was a good model for species which were habitat specialists.
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Overview

 Since the 1980s there has been a gradual complication of early 
patch theory. 
 Patches of different qualities (Source/Sink)

 Different permeability of landscapes

 Corridors

Overview

 Looking at organisms within the landscape has produced relatively 
few generalities. 
 Uniqueness of landscape

 Uniqueness of the organisms studied

 Temporal variation in weather, etc

 While generalities maybe rare, there are concepts that do translate 
between systems and can be used to guide research and 
management. 

Ecological Hierarchy

 Individuals

 Populations

 Communities  -- (Taxocene)

 Ecosystem

 What are some variables that can be measured at each level?  
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Effects of Spatial Pattern on 
Organisms

 Scale-dependent nature of species responses. 
 Patch size and heterogeneity

 More heterogeneous patches support more species
 Larger patches support more species

 Tend to be more heterogeneous
 Differences in absolute and relative amounts of edge and interior. 
 Caveat:  Fragmentation can increase local species diversity – increases 

heterogeneity -- at the expense of interior habitat specialists.

Effects of Spatial Pattern on 
Organisms

 Shape of ecotones 
 Influences the relative abundance of species. 
 Possibly acting through area of edge and area of interior. 
 Humans simplify the shape of boundaries
 General effects of ecotones/edges

 Barriers to movement
 Alter mortality
 Energetic subsidies or refuges
 Novel interspecies interactions

Effects of Spatial Pattern on 
Organisms

 Habitat connectivity
 Scale dependent
 Species dependent – dispersal characteristics
 Matrix dependent -- Contrast
 Constrains the spatial distribution of species by making the some areas 

accessible and other areas inaccessible. 
 Link to metapopulations
 Changes in connectivity also usually result in changes in the area of 

habitats. 
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Movement in the Landscape

 Movement of individuals influences ecological 
processes.

 Movement of individuals is heavily influenced by: 
 Vagility
 Choice of landscape elements

 Simple movement models
 Diffusion models
 Percolation models
 Random walks 

Movement in the Landscape

Spatial scale Type of  movement Spatial structure

Patch resource Selection of  food Distribution of  food

Size and form of  patches

Obstacles 

Patch of  habitat Search for feeding areas

Maintain territory

Configuration of  food patches

Shelter

Topography and abiotic factors

Landscape mosaic Dispersal Size, shape, and isolation of  
patches

Connectivity and permeability

Region Migration Geomorphology

Barriers

Movement in the Landscape

 Movement between patches depends on: 
 Connectivity (depends on the species considered)

 Landscape composition (patches and matrix)

 Configuration of elements (Connectedness)

 Characteristics of the organism

 Distinguish between connectivity and connectedness
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Movement in the Landscape

 Complementation – The use of different kinds of landscape 
elements necessary to meet the needs of the individual.

 Supplementation – The use of multiple similar fragments that are too 
small to provide sufficient amount of resources.

Corridors

 Linear landscape elements that influence the movement of 
materials and individuals within the landscape. 
 Structure differs from the adjacent habitats.

 Corridors can function to:
 Conduct movement (Corridor)
 Allow selective movement (Filter)
 Prevent movement (Barrier)

Corridors

 The function of corridors depends on: 
 Structure

 Place in landscape

 Characteristics of the focal species
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Corridors

 Natural corridors
 Rivers, ridges, animal trails, etc

 Man-made
 Roads, ditches, hedgerows, etc

Corridors

 Example: Small mammals in forest fragments
 Peromyscus leucopus and Tamias striatus in the Ottawa region.

 Land was cleared for agriculture 200 years ago.
 Remnant groves of deciduous forest on rocky outcrops

 A network of hedgerows along the edge of cultivated fields

 Both species occupy the groves during the summer.

 Severe winters reduce both populations – local extinctions are common

 Both species use the hedgerows to recolonize the groves following local 
extinctions. 

 Metapopulation type model mediated by corridors

Gene Flow

 Deme
 Gene flow between differentiated populations can be used as an 

indirect means of understanding the movement of individuals 
between populations.
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Gene Flow

 Small isolated populations differentiate/diverge (inversely to the 
population size and longevity of the species).

 No differentiation/divergence occurs between strongly connected 
populations.

 Even slight gene flow tends to homogenize populations
 One immigrant per generation (Island model)

 Importance to evolution 

Dynamics

 Delay in extinction (Extinction debt)
 Patches are isolated by disturbance or fragmentation – but populations 

do not go extinct immediately.
 Species in stable environments can persist for over 40 years.

 Species in unstable environments will not persist for 10 years.

Dynamics

 Delay in colonization 
 Change in habitat management does not result in the immediate 

colonization. 
 Succession is not immediate

 Sere

 Species colonize as their habitat becomes available
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Multihabitat Species

 Use several landscape elements.
 Spatial arrangement of landscape elements influences the 

condition and survival of the populations.  

Multihabitat Species

 Temporal scale in the changes in habitat use:
 Daily – Feed in one area and rest in an other

 Only the most mobile species can exploit heterogeneity at this temporal 
grain. 

 Seasonal
 Spatial variation in resources 

 Use different resources with different phases of their lifecycle. 
 Larval development, hibernation, mating, egg laying

Multihabitat Species

 Example: Dagger Flies 
 Larvae develop in undisturbed soil (soil type varies among species).

 Adults are predators on smaller insects or flower feeders.

 Adults rest on woody vegetation (trees or shrubs)

 Reproduction occurs over bodies of water – males hunt for prey and 
offer the prey to the females.
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Interactions

 Mutualism (++)
 Commensalism (+0)
 Amensalism (-0)
 Neutralism (00)
 Exploitation (numerous interactions) (+-)
 Competition (--)

Competition

 One idea
 Patches differ in quality

 Better competitors in the higher quality patches

 Poorer competitors occupy the poorer quality patches or they are excluded

 Basic competitive exclusion

Competition

 Another idea
 Patches differ in quality and patches are embedded in a landscape

 Better competitor that specializes in a particular habitat maybe excluded 
from its habitat by an influx of less competitive individuals from surrounding 
habitats where they are competitively superior.

 Not a rule 

 Competitive exclusion needs to be considered within the spatial 
context.  
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Predation

 Ecotones/Edges
 Species diversity is higher at ecotones

 Ecotones often have higher total density

 Predators exploit this higher density to maximize their predation 
successes

 Depends on the length of the ecotone and size of the patch

Pollination

 Populations of pollinators depend on 
 Distribution and phenology of flowering plants.

 Searching ability of pollinators

Populations vs. Communities

 How does a community that occurs at the same site differ from a 
group of populations that occur at the same site? 

 Can the community that occurs at a site differ depending on the 
identity of the populations?
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Communities in Landscapes

 The affect of landscape pattern on communities structure: 
 Influence which species are present and their relative abundances. 

 Influence the ecological interactions between populations – which 
alters the distribution and abundance of the species present. 

Case Study

 Mark Lomolino
 David Perault
 Melissa Songer

 Olympic Peninsula in Washington: Olympic National Park and 
Olympic National Forest. 

 Brief description of methods

Case Study

 Habitat fragmentation in Olympic National Forest due to logging.  
Habitat maintenance in the adjacent Olympic National Park.  
 Context: Logging of the old growth forest – habitat for the northern 

spotted owl – an endangered subspecies. 
 Objectives for the different sides of the argument

 Context for the Lomolino/Perault/Songer research
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Case Study

 Fragmentation PowerPoint
 Pre-1900, 1945, 1965, 1985

 Disturbance. 

 Change in relative frequency of habitats. 

 Change in relative isolation of sites within the landscape. 

Case Study

 Songer, Lomolino, and Perault. 1997. Niche Dynamics of 
Deer Mice in a Fragmented, Old-Growth-Forest 
Landscape. 
 Peromyscus maniculatus – Generalist, disturbed habitats
 Peromyscus oreas – Specialist, forested habitats – major food 

item of northern spotted owls. 
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Case Study

 P. oreas and P. maniculatus did show inversely correlated 
population abundance among macrohabitats. 
 Species selected different macrohabitats

 P. oreas showed strong preference for old growth fragments and 
avoided clearcuts. 

 P. oreas showed broadest niche – threshold?

Case Study

 Locale scale/Microhabitats
 P. oreas – No microhabitat selection within old-growth and corridors. 

 Strong habitat selection in fragments and cleacuts. 

 P. maniculatus – Little microhabitat selection within cleacuts. 

 Ecological release
 P. oreas densities are higher in fragments without P. maniculatus.   

Case Study

 Perault and Lomolino. 2000.  Corridors and Mammal 
Community Strucutre across a Fragmented, Old Growth Forest 
Landscape. 

 Mammal Community
 Examined habitat characteristics in corridors 
 Examined species assemblage (community? – differences) in 

corridors

 Compared corridor variability  (within and between) and its 
influence on the mammal assemblage. 
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Case Study

 Corridors vs. Continuous Forest
 Some species used the corridors as though it was continuous forest.
 One species had higher densities in the continuous forest than in the 

corridors.   

 Among Corridors 
 Little variation in specie richness among corridors. 
 Species occurrence did differ between corridors 

 Differences in canopy height, number of stumps, number of logs, litter depth, 
and slope. 

Case Study

 Within Corridors
 No variation in species richness for forest species with distance to 

continuous forest or corridor width.

 Some species did show a relationship between abundance and 
distance to continuous forest. 

 Adjacent habitat types (matrix) strongly influenced the and occurrence 
and abundance of particular speies within the corridors.  

Case Study

 Corridors and Matrix
 Forest species are more abundant in the corridors than in the matrix. 

 Forest type (old growth vs. secondary growth forest mattered less than did 
the difference between forest and clearcut). 



15

Case Study

 Lomolino and Perault.  2001.  Island Biogeography and 
Landscape Ecology of Mammals Inhabiting Fragmented, 
Temperate Rain Forest. 

 Mammal community
 Influence of local conditions, biogeographic factors (area and 

isolation), and characteristics of surrounding landscapes. 
 Grouped species by habitat preferences. 

Case Study

 Species richness patterns
 No species-area relationship

 Species richness did show an isolation effect for both old-growth species 
and generalist species – but inverse directions. 

Case Study

 Individual species occurrence and abundance
 Old-growth species 

 No area effect
 Some species showed an isolation effect
 Local habitat was important across species

 Generalist species
 Definite area effect
 Many of the species showed an isolation effect (opposite of old-

growth species). 
 Local habitat was important to some species (less than for old-

growth species?) 
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Case Study

 Lomlino and Perault. 2004.  Geographic Gradients of 
Deforestation and Mammalian Communities in a 
Fragmented, Temperate Rain Forest Landscape. 

 Mammal community
 Gradient of deforestation (northern edge more forested –

southern edge less forested). 

Case Study

 Forest was logged in a non-random pattern
 Lower elevations first moved to higher elevations

 Lower slopes to higher slopes 

 Accelerated with time (technological improvements), peaking in 1970s. 

 Access to transportation (highways and ports) – close first and further 
later. 
 Geographical progression to west and north

 Landscape components (size, age, connnectivity, etc) vary in a 
non-random fashion. 

Case Study

 Species composition is related to environmental variability. 
 71% can be explained in 4 axes

 North
 East
 Elevation 
 Slope

 Other factors such as local habitat, forest characteristics, fragmentation, 
etc. less important or can be summarized with the 4 axes above. 
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Case Study 

 Local level habitat analyses makes a difference in species 
composition. 

 Patch level analyses suggest that certain basic biogeographic and 
landscape factors make a difference in species composition. 

 Landscape level analysis suggest that the influence of local and 
patch variability can be included within the variability in landscape 
effects which influences species composition. 
 Caveat: Habitat was relatively homogeneous to begin. 

 Did slope and elevation make a difference before fragmentation? 


