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Main characteristics of landscape ecology
· Landscape Structure
· Description of spatial relationships among ecosystems
· Distribution of energy, materials and species
· Forman & godron’s patches, corridors, matric
· With a mosaic model ‘coalescing’ these elements 
· w/ analogies to art, architecture, urban planning, medicine…
· ex human body (flow, connectivity within the body), function, and matrix
Structure as a holistic property of Landscapes
· Holism states that the sum os more han the mere sum of its parts
· That landscape elements receive their meaning or significance by their context, or position within the whole 

Holistic thinking
· “Privides the basis for studying certain wholes or systems w/o knowin g all the details of its internal function”
· Fig 1.2 the “Black Box” modeling approach, where inputs and outputs unknown, but not the processes tat take place in between. We have to guess, where we look at situations around the world that are similar and  try and combine that with our thinking and try and extrapolate form that

Definitons borrowed form forman (’95)
· patch: relatively homogeneous nonlinear area that differs form its surroundings
· Corridor: linear area of a particular land cover type (LCT) that is diff in context and physical structure form its context and physical structure form its context; may serve many different functions
· Matrix = dominant LCT in terms of area, degree of connectivity and continuity, and control that is exerted over the dynamics of the landscape

Ex od landscape structural elements:
· Figure 1.4 A village embedded in a matrix of mixed agriculture in Portugal
· Fig. 1.5 Corridors in the landscape can be either natural (the river corridor), or  human made (the road or bridge)
· Fig. 1.6 A forest matrix that surrounds a village with its agricultural fields, in plateaus (maize fields and vineyards)


Landscape Function
· Serveices that landscape provide:
· Production, protection, regulation (note examples, how can these services work in a landscape)
Relationshops btw landscape structure ad function
· The form nad function principle:
· How stong are these borders relsrive to the interior parts. Ex a longer border will have more interaction, and movement
· Why is that important? Bc on the outside it may be a fairly hostile area,
· “The interaction between two objects is proportional to their common boundary surface (or edge)”
· Where size and shape of patches determines to a large degree their ecological and functional characteristics (see examples)
Review:
· Variation in the size and shape of patches and corridors, and area of matrix, has a strong influence on the resulting landscape pattern
· Types and edges can make a difference
· Example of “concavities” in a reclaimed strip mine, where we tried to allow ecological succession and the manipulation of edges, where we had a mine that formed a very harsh edge and they’re talking about scalloping, trying to break that up, planting species, and allowing ecological succession to form a soft edge, much more efficient than allowing species to naturally come back and do that
· Boundaries and edges make a diff!
· Spatial distribution matters !
· Examples of flows, wind
· How is wind shaping that landscape?
· Edge, borders, and boundaries can have a huge influence on flows and wind
Connectivity: relationship btw landscape structure and function
· Connectivity in the context of plant and animal movement
· We eant high connectivity to allow freedom of movement for animals and plants
· The degree to which the landscape facilitates or impedes the flow do energy, materials, nutirenst, species, people across the landscape
· We’re worried about the degree that this can take palce and how the land can facilitate this
· Important in the conservation of species in a landscape: size, number, and distribution of habitat patches influence the physical connectedness of habitat across the landscape
· Ex when habitat is abundant and widespread, connectivity is stong
· Quantitative and qualitative change/loss may push thresholds
· We start to approach critical thresholds, and the ability to be resilient
· Ex the pattern of habitat destruction dn the dispersal capablites of the species determine the level habitat loss at which this threshold in landscaped connectivity occurs
· Understand the various parts so thatw e can understand the whole

Seeking a suitable habitat
· Character of the intervening matrix btw patches can affect connectivity for pops
· Matrix is often a composite patches with varying levels of permeability, and can affect movement rates and patterns
· What ultimately influences the connectivity of the landscape form the organism’s perspective is the scale and pattern of movement (scale at which the organism perceives the landscape) relative to the scale and pattern of patchiness (structure of the landscape)
· Matrix is not a solid thing; it can change over time. Not always consistent

Landscape change
· Shifting mosaic concept of landscape change: even systems with a high disturbance frequency could be in a steady state or equilibrium if the creation of new patches is balances by the maturation of old ones.
· E.g. a balance between disturbance and succession on a larger scale.
· E.g. portions of grasslands burn periodically, creating a mosaic of differently-aged plant communities over time.
· even with a higher disturbace rate, we can still condsider it as fairly equilbrium oriented

Disturbances
 Disturbances: drivers of landscape change
· Tend to speed things up, and we’re the ultimate drivers
· “A disruption” (you can return to EQ when the disruption goes away)
· Any relatively discrete event (natural or anthropogenic) that disrupts an ecosystem, community, or population structure, and changes resources, substrate availability or the physical environment
· Both destructive catastrophic events and natural environmental fluctuations
· Fires, floods, insect infestations, etc., localized or larger scale events.

Landscape Disturbance:- according to turrner
· Disturbances both create and respond to landscape pattern.
· Usually result in open space (gaps)
· Often alter levels of resources (light, nutrients)
· Create patchiness in a landscape
· Relates to patterns along the way
· Human and natural disturbances
· We bring in that chronic disturbances, reoccurring over and over again
· We don’t let it return to EQ
· Understanding dynamics = better chances to mimic Nature (through mgt.)
· So that it feed sinto the ideas of what we think is a good management plan

A disturbance…
· Defined as “…a relatively discrete event that disrupts the structure of a ecosystem, community, or population and changes resource availability or the physical env’t.”
· Happen over relatively short intervals of time
· May be abiotic, biotic, or combination of two;
· Individual disturbance event vs. disturbance  regime (over a longer period of time)

Some Terms associated with Ecological Disturbance: (use for project)
· Frequency:  mean # of events occurring at an avg. point per time period
· Intensity: physical energy of the event per area per time (“characteristic of the disturbance, rather than the ecological effect”)
· Return interval: mean time between disturbances (inverse of frequency)
· Severity: effect of the disturbance event on an organism, community or ecosystem (more intense disturbances generally more severe)
· Residuals: organism (or propagules) that survive a disturbance event; measures of ‘severity’ of event
· Can use this as an indicator of what this event was about, by looking at what survived
Disturbance and a Hierarchical Framework
· According to some researchers, the definition of disturbance is scale dependent, that a disturbance can only affect a holon, or particular level within a hierarchy. 
· Small & ephemeral vs. large and long duration disturbances


The ‘Holon’ and Disturbance : a matter of scale? (exam question)
·  If the disturbance is small and ephemeral relative to the entity of interest (holon), it passes unnoticed;
· If large and long in duration or return interval, possible that the holon may live out its entire life in the presence in the disturbance, OR, the holon may never experience the cycle of the disturbance at all (depending on life cycle of holon);
· The idea of scale and disturbance 

Tree as a ‘Holon”
· If, however, holon and disturbance are at same scale, then holon will be affected by the disturbance (the “transition from the undisturbed to the disturbed state”). 
· So, a particular disturbance observed at one scale may be a disruptive force, whereas at a different scale may be a stabilizing force.
· E.g. an individual tree (our holon) dies, while other, surrounding trees die at other times (temporal scale)
· Ex manzaniva, are dependent on fire, since they’re seeds will not germinate without it
· Brings up the question of fire suppression

Influence of the landscape on disturbance pattern – no definitive answers
Landscape position:
 	topographic position of a site or group of sites, including:
· elevation
· landform 
· slope 
· aspect
· One study found that: landscape position influenced some aspect of the disturbance regime, and new gap disturbances were more likely to occur in the vicinity of old gaps.
· Another found that: slope position and aspect controlled the susceptibility of a site to disturbance.
· One will be controlled by particular element sby the landscale while one will happen regardless
Characteristic of the Storm
· E.g., some studies have shown that forest damage due to hurricanes resulted from characteristics of the storm, exposure, and the height and composition of the vegetation.
· Or where hurricane damage varied along an elevational gradient


Directionality:
· On the other hand…other research found no evidence for sig. effects of landscape position on disturbance susceptibility.
· Overall:
· Position appears to influence susceptibility to disturbance when the disturbance itself has a distinct directionality, and where some locations are more exposed than others.
· So it doesn't relaly matter where your postion is since it wont make much diff.
· Overlal it seems that the psotion of wher eour habitast lie may influence the susceptibility of the disturbance, whene such disturbance has a certain directionality and relative exposure (key elements in determining the severity of the disturbcance)
· Characterizing your disturbances, and wealth construction could be important

Effect of landscape pattern on the spread of disturbance
· ‘spatial homogeneity often enhances the spread of a disturbance;
· E.g. spread of pests;
· Ex these bugs athatr are prolific in cote st luc but affecting ash trees
· Perpetuation of wildfires;
· Epidemics of tree diseases (Dutch elm disease)
· Especially in terms of global warming, we’re giving invidve species opportunity to invade new landscapes 
· Meanwhile…
· Other disturbances may be enhanced by landscape heterogeneity
· However, heterogeneity usually found to enhance the rate of recovery for affected organisms…
· Often we want ot have a bette rmix of things, to allow for the scale of disturbance to be at a minimum

Some empirical studies: Heterogeneity increases disturbance
· Landscape heterogeneity due to forest fragmentation (measured by edge density) found to enhance outbreak of the forest tent caterpillar (Ontario) 
· We’re creating diff sets of patterns and especieally the concept of edges and boarders
· We are creating special situations that favor certain species
· Could be due to pathogens unable to spread with fragmentation, or
· Ex More  (moth) egg-laying takes place along forest edge than in interior, bc we creating these new situaitons, which are now a suitable habitat for these moths

Some empirical studies: Heterogeneity decreases disturbance
· Landscape heterogeneity may decrease regional outbreaks of western spruce budworm;
· Factors include high tree density and levels of connectivity
· In some coniferous forests, hetero. may retard spread of fires;
· However, ‘extreme’ conditions may override factor of heterogeneity.
· 
Influence of disturbance on Landscape Pattern
· Distur. not necessarily evenly spread throughout a landscape, creating ‘very complex hetero. Patterns across the landscape’, where distur. May affect some areas, and not others…
· Disturbance-Generated Mosaic = hetero. created by disturbance.
· The spatial distribution of disturbance severities across the landscape.
· Important are the legacies and residuals that remain after disturbance…

Ecological Legacies:
· Biotic legacies = residuals = types, #’s, patterns of organisms and biotic structures that persist in the ecosystem
· E.g. surviving individuals, veg. tissue that can regenerate (tubers, buds), post-grazing
Abiotic Legacies
· Physical modifications of env’t that may result from the disturbance
· E.g. mudslides, lava flows, movement of rocks in streams, etc.
Disturbance and Spatial Patterns of Successio
· Disturbance mosaic and succession
· Species responses may vary with kind and severity of disturbance, and with larger spatial and temporal context of disturbance. 
· Life-history traits (resistance to or the. tolerance of specific type of disturbance) 
· Interacts with disturb. intensity to ‘influence species composition of residuals’
· Making the links btw process and structure

Lightning and fire: An evolutionary force
- An evolutionary force in the development of communities:
· “Lightning is of such frequency and magnitude that there are not many lands, if any on earth, that at some time or other have not been subjected to reoccurring lightning-cause fires.  These have occurred at frequent enough intervals to have lasting effect on plant and animal communities.” (Komarek,1964)
· Ex a huge sap of Africa is affected by lightning
History of Strikes
· Average of 100 strikes to earth every second, 4 hours/day, 365 days/yr = over 3 billion strikes/yr!
· History of fire dominates the history of forests, grasslands and the xeric( dry land landscape) shrub communities of the Mediterranean climate regions of the world.
· Evolution has allowed them to recover fairly quickly and thus regrow
As a Manipulative Tool
· What had been ‘serendipitous’ accidents became deliberate, purposeful ‘arson’
· - Heyy we can recreate those serendipitous accidents and use them to our adv


Early Uses of Fire by People
· Grasslands can be maintained at the expense of trees if there is a periodic dry season; savannas and grasslands more valuable to early humans than thick forests.
· Used to aid in the production of wild seeds, tubers, berries, nuts, etc.
· Maintain wilderness, increase forest production, enhance the habitat for game, or increase grassland productivity
· We’re trying to control nature to soothe our own purposes

Surface, Crown, and Grown Fires
Fires need:
· Fuel
· An ignition source
· Oxygen 
Fire behavior and intensity affected by:
·  meteorological conditions
· fuel loading
· fuel and soil moisture content.

Surface Fires:
· Least destructive;
· Relatively cool, & fast moving;
· Do not build up high temperatures at the plant and ground levels because they are usually fed by lightweight fuels that are quickly converted to ash;
· Basal portions, root stocks, and tubers not usually harmed;
· In forested regions, cones may be opened, bark and needles scorched, and seedlings killed, but few mature trees will be severely damaged.
· Ash on the ground provides nutrients and seals pores(a type of insulation) 
Crown Fires:
· Occur in upper part of trees, thus only in forest situations;
· From lightning storms, intense surface fires fueled by heavy accumulation of litter and debris.  
· Does not occur without a surface fire;
· Can be destructive; also necessary to open the canopy and allow seedling survival in full sunlight
Jack Pines:
· In Canada and Lake States, pure stands of jack pine often burn during hot dry periods, with crown fires, generating fire storms, killing all aboveground vegetation.  
· Periodic fires of such intensity maintain the jack pine in vigorous growth (also true for a number of other pine species).
· Thus, a “pure stand must be destroyed in order to be maintained in vigorous health.”
Ground Fires:
· In grasslands, ground fires consume soils down to mineral substrate, creating depressions that can become ponds.
· Can be very destructive, not of only roots, tubers, etc. but also of the organic matter in the soil itself.
· Disrupts below ground activity and changes the organic makeup of the soil
· Recovery of a plant community may take tens to thousands of years following an intense ground fire.
Peat Bogs & Fire Persistence
· Peat bogs are used here locally as a fuel (or to a lesser extent as as insulator). Used to “fluff “ up the soil, breaks u the soil     
· Esp. destructive to peat bogs (when dried out); areas often then revert to swamp as peat burned away.
· Light, dry, soils may provide layers of dry organic matter – peat, fern rhizomes, and roots of plants – that carry the fire easily.
· Ground fires tend to persist; when conditions are favorable, a ground fire can serve as a re-ignition source for surface fire somewhere else.

Fire Effects on Soil:
· Soil temperatures are higher
· Some soil nutrients and organic matter are lost;
· Affects organisms
· Water holding capacity and soil ‘wetability’ are changed;
· Wettability important to keep moisture in the soil
· Aka interaction btw water and soil
· Populations of soil microbes are altered. 
· I.e., fires can affect the chemical, physical and biotic components of soil.
Effect that fire has depends on its intensity, which depends on:
1. the heat yield (in kcal/g),
2. availability of fuel (g/m),
3. and the rate of spread of the fire.

Fire intensity:   I = H x W x R
· I = intensity 
· H = heat yield 
· W = available fuel
· R = rate of spread
· Chemical composition and degree of compaction of fuel will influence its heat yield.
· E.g., pine needle litter of a yellow pine forest has a high surface-to- volume ratio and is not compacted, so an abundance of oxygen is available: this type of fuel carries a fire readily, but will produce a relatively cool (i.e., non-destructive) fire.

Detemrining Available Fuel Load & Rate of Spread
· Productivity of forest (NPP)
· Rates of decomposition of litter
· Fire frequency
Rate of spread depends on wind speed, nature of the fuel, humidity and temperature.
· cover (crown area)appears to hold the most promise as a single, easily measured variable which can be used as a basis for predicting total biomass (NPP), and thus, load.

Effect on Organic Matter
· Intense burn will destroy organic matter at the soil surface.
· At temperatures of 200-300 deg C, 85% will be destroyed.  E.g., nitrogen and potassium loss  is a function of temperature
· Diminishes cation exchange capacity that characterizes organic matter, thus removing a holding substrate for vital nutrients.
Effect on Soil Structure:
· Organic matter gives increased aggregate stability to soil; an intense fire may break this down, leading to a loss of soil structure, and to lowered water infiltration.
· Reduction of humus layer (O) as a result of compaction after a fire.

Soil Chemistr:
· Soil pH will be higher after a fire, based on the nature of the cations released by the burning, and by the acidity of the soil before the fire. 
· Magnitude of change greater in forests (esp. coniferous forest) vs. chaparral soils.
· Activity of free-living nitrogen-fixing bacteria is enhanced by addition of nutrients by fire, and by the higher pH due to the release of mineral bases in the soluble ash.
· Change th eph and thus change the ability for the lant to adapt to certain changes…?
· 
Physical Effects:
· Ash layer resulting from combustion of the litter can insulate the soil
· Can act like a gurad form ehat energy
· E.g. temperatures will not rise above 100 deg C in a given layer until all the \water has been evaporated, requiring energy, and slowing the transfer of heat energy.
· See fig. 15.2: typical temps at the surface and downward in soil…

Fig. 15.2 Typical temperatures at surface and downward in the soil (chaparral example)
· recovery periods will vary

Temp, Soil Evaporaiton and Infiltration
· Higher temps initially increases evaporation, but quick drying breaks capillary connections, and thus can reduce evaporation (locking in moisture)
· After extremely hot fires, which completely volatilize hydrophobic substances and thus increase wettability, there may be greater infiltration.
· By taking away substance that would repel water normally…
· However, with less intense fires, runoff is increased, due to lowered infiltration. 

Soil and Fuel Moisture
· In some plant communities, living moss and humus can take in large amounts of water, preventing rain water from reaching tree roots
· Removal of moss layer should allow percolation of more water.
· However, the layer also prevents evaporation so that water holding capacity is lower and evaporation is higher on burned plots.
· Burned plots have higher temperatures due to albedo effect…

Fig. 15.4  Water repellency before, during, and after fire (chaparral example)
· unburned, water stays stagnant
· its accumulated in littler layer
· With fire, water can percolate down, and remove some substances
· Eventulaly can go deeper, thus becoming wettable soil with time

Microfloral and Fauna
Effects on microflora and fauna not well understood; however, fires seem to:
· Due to the increased pH, usually reduce fungi populations, while increases populations of soil bacteria; 
· Destroy pathogens;
· Cause the removal of food base (in very uppermost levels of soil)

Seedlings and Susceptability
· Success of seedlings in a burned-over area may be due to removal of soil pathogens or their substrates.
· In other cases, fires actually increases disease: where trees are weakened by fire may become highly susceptible to diseases, as well as insect entry… that then take adv of that weakened state

Prescribed Burn:
Prescribed burning: application of fire to natural fuels that will allow confinement of the fire to a pre-determined area and at the same time will produce the intensity of heat and rate of spread required to accomplish planned benefits (according to objectives).


Adaptation to Fire:
· Giant sequoia of Sierra Nevada 
· Serotinous cones
· Small seeds
· Fire-resistant bark
· Long life
· Requires periodic fire or it will be succeeded ecologically by a white fire-incense cedar forest.

Landscape EQ
Equilibrium – stable state / systems:
· Small, infrequent disturbance, with rapid recovery times.
· Are disturbance-driven landscapes stable?
Non-equilibrium -Unstable systems:
· Large and frequent disturbances, with relatively slow recovery times

Shifts in the disturbance regime and landscape pattern
· the response of landscape pattern can lag substantially behind a change in the disturbance regime.

Fig. 1.7 Forman’s spatial stages of landscape transformation
· Perforation
· Dissections
· Fragmentation
· Shrinkage
· Attrition 
· A patch can be recreated if not at all
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