‘ Restoration Ecology

» Explore fundamental ecological theory as
it applies to restoration

* Hierarchical approach:

Landscape

Population

vie

‘} Landscapc:

: ‘“‘ SPatiaI Interactions
-

» Ecosystems do not function independently
from surroundings

+ Spatial relations very important

» E.g. streams connect wetlands, airborne
pollution travels great distances, human
activities in one area can affect distant

ones E i



Omar Champsi
Having a site which is nice and green next to an industrial site will have a HUGE impact and therefore spatial relations are really important.

Omar Champsi
Wind will carry pollution, acid rain will carry pollution


; Landscape

+ Variety of definitions over the years E]
+ A spatial matrix at the human scale in
which interactions of biotic and non-biotic
elements take place
— Concrete part of Earth’s surface
— Has boundaries
— Has a history
— At least a few square kilometers
— Can be photographed, mapped

; Landscape

» Processes occur at various spatial scales
» Small scale processes tend to be more

dynamic and erratic E
» Biosphere -> Biome -> Landscape ->

Ecosystems E
» But scale is affected by perception

— What you consider small (e.g. dandelion)
would be huge for a beetle!

; Landscape

* For restoration must keep in mind the
scale of the target

— Single small %s vs. watershed function



Omar Champsi
Keep in mind all streams connect to other streams and are draining entire areas. 
Thames river, you can see many streams flow and connect and therefore keep in mind that they can affect each other this way.

Omar Champsi
Spatial matrix of the human scale in which interactions of biotic and non biotic elements take place.
Must be concrete, not abstract- has boundaries which can be drawn out, must be some minimal size, must have a history, it has changed over time, things have happened to it- there is history associated with that peice of land.

Omar Champsi
Fast vs. Slow

Omar Champsi
Gives us an idea of where it fits in all the scales, scale is really affected by perception.
What we consider small is really dependant on the organism. 

Omar Champsi
What are you going to restore- it is an issue when condisering what to restore. You will need to consider scale for target restorals.


‘ Landscape

» Heterogeneity: landscapes are mosaics of
different patches

— Patches are parts of the landscape that are
uniform (e.g. forest)

— “Patches” are scale dependent

‘ Landscape

» Groups of patches form a pattern
 Patterns can result from:

— Topography (e.g. elevation, sIop@
— Natural disturbances (e.g. fire, flodding)

— Human activities (e.g. farming, building)

‘ Landscape

« Connectivity: patches may be connected
— Exchange of matter and organisms (dispersal

» Corridors may enhance connectivity
between isolated patches

— Effectiveness of corridors depends on scale

Wl



Omar Champsi
Patches are scale dependant as well (beetle vs. human example)

Omar Champsi
hill may affect what you find in the areas
human activities, lots of farming leads to many agricultural fields, patterns on the landscape. Exchange between patches which are connected is really important. 

Omar Champsi
Place corridors to enhance connectivity b/w patches
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Flows between landscape
elements

» Water flows E

» Transport of matter

— By airflows, water or humans
* Movement of organisms

— Dispersal

‘ Water flows E}

* Most water is stored in = oot
oceans 3
» Freshwater exchanged
between atmosphere
and continents
— Precipitation
— Evaporation



Omar Champsi
Maybe some patches are connected 

Omar Champsi
Maybe some species can only live in certain areas (dark)

Omar Champsi
Water sheds connect in many different places

Omar Champsi
When all the water we have on the earth, most of it is in oceans some in fresh some in ground. Very small portion is fresh water


» Water flows on surface (rivers) and under
ground (groundwater)

+ Distribution of water is very uneven

g P iy

Precsicaton om)

» Water flows transport water!

» Hydrological processes are important for
maintaining ecosystems
— Wetlands
— Arid habitats that depend on seasonal floods
» Groundwater stores excess water for use

during dry periods [E]



Omar Champsi
Hydrological cycle

Omar Champsi
Almost everything on earth depends on those hydrological cycles

Omar Champsi
You can see some places get ALOT of rain, areas with lots of water tend to be amazon rain forests. Areas with little water are deserts

Omar Champsi
Ground water is where we store excess water during precipitation
Important to know this


‘ Transport of matter by airflows

» Especially prominent on continent edges
where winds are strongest

— E.g. movement of chloride

‘ Transport of matter by airflows

« Wind transport can " e

be over large

distances & move

large quantities

— E.g. pollutants:
sulphur, nitrogen,

raclk[yiive material

‘ Transport of matter by water

» Surface water: rivers

— Movement of solutes (nutrients), sediments &
biomass

* Ground water
— Movement of minerals



Omar Champsi
Moving things by air
Change in chloride concentration because of wind

Omar Champsi
Anything deposited in the air can be moved great distances by wind
pH of Rainfall
pH of 4.0 is the most acidic, it has affected the atmosphere greatly, huge source of acid rain
affects areas around it

Omar Champsi
Rivers move nutrients, sediments, organisms, dead organic matter
As water perculates through ground water it becomes more and more mixed in with nutrients and therefore moves a variety of substances through landscapes.


‘ Transport of matter by humans
_?’:*': e

* Humans purposely move matter,
especially water for agriculture

‘ Transport of matter by humans

* Movement of nitsiants | through fertilizer
for agriculture
— Many areas previously not able to support
agriculture are huge producers due to higher
nutrient loads
» These nutrients find their way into water
and are transported further...

‘ Movement of Organisms

» Organisms may move in a variety of ways

and for a variety of reasons =_
— Daily movements by animals to obtain food,
find mates

— Dispersal of pollen, seed, individuals

— Migration - seasonal, short distance, long
distance



Omar Champsi
Picture of crops which have been irrigated, something we do a lot is move water from one area to another so we can use areas for agriculture that were once not suitable.

Omar Champsi
Greenish- how sea looked like in 1973

Omar Champsi
Water diverted from sea 

Omar Champsi
Fisheries which usto use water from sea to fish are no longer useful as there is no more water in the sea

Omar Champsi
Main way of spreading nutrients from different areas. Nutrients in those areas are there in excess and therefore it is good for them to be moved by ground water or water in general.

Omar Champsi
Lots of animals move on a daily basis to find mates or find food or whatever
But they dont tend to move past their home range
you can have dispersal with polin, seeds and individuals
Migrations- many types- not necessarily dispersal but can be looked at as annual movements


‘ Movement of Organisms

30 ¢ Most individuals move
small distances

Frequency (%)

0 ) 10 15 20
Distance (km)

‘ Movement of Organisms

ispersal by airflows
— Used extensively by plants to distribute seeds

— Most seeds move very short distances

— Rare long distance dispersal has big effects
on gene flow

‘ Movement of Organisms

» Seed dispersal in wetland plants



Omar Champsi
Few will not move very far
Some will, but numbers are specific to species [Think SCALE]
But the trend seems to be that they dont move too far away
keeping connectivity between isolated patches is important though

Omar Champsi
?

Omar Champsi
Did they manage to move to a bigger area or a smaller area than they came from?

Omar Champsi
Can produce 18 000 per m2.
Same plant can move incredible distances? missed this


‘ Movement of Organisms

» Landscape heterogeneity affects wind
dispersal

* In heterogeneous landscapes dispersal
follows corridors

— Parallel to steep slopes, along

edges of between different surface
types

— Thermal updrafts E

‘ Movement of Organisms

» Dispersal by water

— Running water a major route of seed dispersal
— Unidirectional

— Can travel large distances, fast

=

‘ Movement of Organisms

——= Dispersal by animals and humans
[— — Attach externally
— Ingested

uman dispersal can be large distances
Source of many alien, invasive species
— Rotating grazing cattle



Omar Champsi
Dispersal will follow a particular direction most of the time. 
Different surfaces due to differential heating may influence this

Omar Champsi
Air circulation pattern being circulated may also effect how things move

Omar Champsi
Water is a huge route for dispersal of many seeds, unidirectional, travel far fast

Omar Champsi
Using animals and humans
Things may get stuck to you
Ingest seeds and take them with you elsewhere

Omar Champsi
Humans may carry things on their own shoes and end up carrying them VERY long distances, ie. on a plane

Omar Champsi
Something which usto be done a lot was rotating cattle from one medow to another (ie. between medows)
rotating grazing
This is no longer done and has led to:
This has led to a loss of species in some medows because of a lack of grazing


; Patterns E

+ Driven by wide variety of factors & their
interactions

CLIMAT

==+ E.g. Zonation: altitudinal gradients,
hydrological gradients, land use intensity

; Natural Landscapes

 Glaciation had pronounced effects on

=== communities in polar & high altitude

=

regions
* All species in North America and northern
Europe recolonized after glaciers retreated

— Rate of recolonization and final composition
dependent on species specific factors

10


Omar Champsi
If you were looking at the vegitation of a particular site, many things will have an affect on it
Lots of examples where you can imagine the vegetation will affect the soil (ie. nitrogen fixing plants)
Although the plant may affect the soil, more of an affect is seen towards the vegitation itself (consider the arrows)

Omar Champsi
When you go from the top of a mountain to the bottom, things change, trees near top, none near bottom or vice versa. 
Same applies to species

Omar Champsi
Different communities found along the way
What is the dominating factor?

Omar Champsi
Restoring to something particular
Where do you draw the boundaries
When we look at the temperate parts of the world, the biggest issue was glaciation
this had huge effects on the landscapes which were here
everything we find here we colonized after the glaciers here retreated
Everything we have seen since is what we have changed
What was availiable to recolonize
How fast was this done? really affects what species we see


; Natural Landscapes

+ First colonizers are usually species with
high dispersal ability
Mobile, high reproductive output (e.g.
abundant seeds), generalists
— Characteristics typical of “invasive” species
+ As species diversity increases in an area,
species enrichment slows down

=

; Human-affected Landscapes

* Humans have long been part of natural
landscapes, with small, localized effects

* Larger & more pronounced effects

occurred at differenttime points for
different areas
— Europe - intense in fifst centuries AD

— North America - ~1800 (after European
settlement)

; Fragmentation

 Breaking up of large continuous habitat E}

patches into smaller patches

— Usually results in smaller patches

— Often includes isolation between patches

— Barriers (e.g. dams) can prevent movement

11


Omar Champsi
Sometimes or more often are generalists, can survive in lots of different places
Species which can grow anywhere in any conditions. Similarities between colonizers and invaders.

Omar Champsi
The more species you have in a particular area the enrichment will slow down.
The first burst of a species in a particular area will really have an effect on the species which will appear over time.

Omar Champsi
In NA more late than Europe
There are more places which are human dominated these are just two of them

Omar Champsi
consequences:
smaller patches
isolation
barriers (even if distance isnt great)


Landscape Corridor.

/ Sustainable Use Area

/ Stopping-stone Corridor
Linear Corridor———"" .

Buffer Zone

‘ Fragmentation

« Smaller patches = increased extinction

* Increasing distance between patches = ;=:]

lower probability of recolonization

* Many organisms are likely now found in
small, spatially isolated relic population

‘ Fragmentation

» Modification of water flows has great E
effects on aquatic communities
— Dams,canals & water diversion affect water
quantity
« Floodplain forests, wetlands
» Some rivers run dry before they make it to the sea
— Groundwater extraction can modify water
table levels & water chemistry
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Omar Champsi
You might have several patches connected by different corridors,
Surrounded by various activities which act like buffer zones
they may not allow for movement of species between the patches

Omar Champsi
If you have a local extinction, its not likley it will be recolonized again because its too far from the other population

Omar Champsi
Restoration ecology wants to also increase the connectivity between the patches

Omar Champsi
Water flow has had huge effects
Dams, Canals, affect the quantity of water you see
If your controlling flooding by DAMS then you are also affecting the ecological area surrounding it
so although your protecting the community, your affecting the wetland around it. Trade off?


‘ Landscape Restoration

+ |deal to restore on a large scale
— Provides best chances for long term survival
of self-sustaining ecosystems
— Very few examples exist at this scale

=

‘ Everglades, Florid

» Largest restoration project in the world
» Major alteration of hydrology

* Massive effects on ecosystems
« http://www.evergladesplan.org/index.aspx
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‘ Landscape Restoration

ecosystem functions

— Hydrological flow
— Connectivity between patches

» Very expensive
* Public involvement

+ Large scale projects focus on restoring
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Omar Champsi
Water and the flow of water between regions, when we look at landscapes that is the big picture. We want all ecosystems to be maintained at a large scale.
Although currently very few of these exist, it just isnt practical. Lots of political boundaries, etc. 

Omar Champsi
Largest landscape restoration project (currently)
Aspect of Hydrology- main focus was to restore original hydrology. With lots of water moving around, there is lots of flooding. People don't like flooding. Lots of diversions to move the water around. 
Goals: restore natural water flow, and patterns in the landscape.
Changes in hydrology, although very good for settling and people they had major effects on the ecosystems there.

Omar Champsi
Restoring function to the landscape
Both hydrological flow and connectivity between patches are important.
The reason we cant do this is because its very expensive and lots of public involvement is required. 

Omar Champsi
Video Shown in class:
Hurricanes were a reason to find a way to control floods (one of many reasons for the project)
Prevention of salt water extrusion
Protection of wildlife and species
Unintended results: lost habitats, damaged ecosystems, unnatural water.

They really do a good job of selling the project to the community- ie. they show how much money they are spending on it, etc. 


