Conservation Biology BI496W
I = PAT
· I = impact on biodiversity
· P = Population size
· A = Affluence
· [bookmark: _GoBack]T = Factors that service consumption (technologies, socio-polictical-economic arrangements)
Conservation Facts 
· Land use changes and habitat loss: 40-50% of land surface transformed or degraded
· ~7 billion people on Earth
· 22% of fisheries overexploited; 44% at exploitation limit
· Human activities add at least as much nitrogen to terrestrial ecosystems as all other sources combined
Water Crisis
· Humans use ~ 50% of fresh, accessible runoff water
· Overuse and pollution of water resources including groundwater and aquifers
The Anthropocene 
· relating to or denoting the current geological age, viewed as the period during which human activity has been been the dominant influence on climate and the environment.
· Incredible manipulation and domination of the earth’s resources by one species
· Dramatic declines in the abundances of other species 

Started Conservation Areas 
· Wilderness = place of the wild deer
· 1872: Yellowstone National Park
· 1890: Yosemite declared a national park
· 1892: Preservationist John Muir forms the Sierra Club


Conservation History
· 1864: George Marsh publishes "Man and Nature”
· Late 1800's: Term “Ecology” coined
· Early 1900's: Promotion of sustainable resource use 
· 1960’s
· IUCN published first red list
· WWF founded
· US Wilderness Act: Wilderness is a place where the land remains untrammelled where man is a visitor who does not remain
· 1970’s
· First trip to the moon
· EPA developed
· 1985: Founding of the Society for Conservation Biology

Ecological advances in the early 1900s:
· Henry Cowles: systematic study of dune plant community succession leading to advocacy for their protection
· Arthur Tansley: contributes the idea of the ecosystem to science
· Charles Elton: develops the concept of food webs, food chains, trophic structure

Conservation Biology 
· An accumulated response of scientists to this biodiversity crisis
· Formalized in the 1980’s in response to developments in the biological sciences and natural resource management fields
· The study of the nature and status of Earth’s biodiversity with the goal of protecting species, their habitats and ecosystems.
· An interdisciplinary subject bringing together sciences, economics, social sciences and natural resource management
· A value-laden science
· Sometimes termed a “crisis discipline” or a “discipline with a deadline”
· An urgent reaction by the scientific community to respond to widespread biodiversity loss and ecological devastation


Foundations of Conservation Biology
· All living creatures possess intrinsic value
· Natural ecosystems perform vital services and produce goods essential to the continuances of human civilizations. The species in the ecosystems are vital to their function
· Natural ecosystems add value, knowledge and meaning to the experience of being human, and to the appreciation of higher values and virtues






Biodiversity:
· The sum total of all living things
· The variety of life in all of its many manifestations

Diversity
· The number and frequency of species in a biological assemblage. Diversity indices combine aspects of richness and evenness.

Genetic diversity: Population-level
· Variation found within members of a species or population
· Adaptation to local ecological conditions due to population segregation 
· Organismal diversity: Species
· Fundamental unit of evolution
· Target of conservation legislation: A group of actually or potentially interbreeding natural populations that are reproductively isolated from other such groups
· In practice species are typically identified morphologically

How many species?
· I.4 million valid species at present 

Prokaryotic Diversity 
· Bacteria and archaea are the most abundant organisms
· Phylogenetically most diverse – two of three domains
· Metabolically more diverse and responsible for biogeochemical cycling on earth
· “Unknown and unknowable”
· Species definitions become fuzzy in prokaryotes where
· Morphologically indistinct
· horizontal gene transfer is commonplace
· Species concept now largely based on whole-genome similarities

Taxonomic Classifications
· domain 
· kingdom 
· phylum 
· class 
· order 
· family
· genus
· species


Problems 
· Difficult to access species (e.g., tropical forest canopy dwellers, deep sea vents)
· Underexamined groups (e.g., parasites)
· Synonomy – the same species is known under more than one name
· Homonomy – one name encompasses multiple species

Ecological Diversity 
· Biome – global-scale biogeographic regions distinguished by unique collections of species assemblages and ecosystems
· Ecoregions - large areal units containing geographically distinct species assemblages and experiencing geographically distinct environmental conditions

Species Richness
· The simplest way to describe a community is to list the species in it.
· Species richness
· the number of species in a community
· the first pass estimate of diversity for a community
· Define the boundaries of the community and then walk through it seasonally, noting all the species you encounter
· Limitations to this method (e.g., sampling intensity)

Evenness 
· Uniformity of abundance in an assemblage of species
· Equitability is greatest when species are equally abundant

Species- Area Relationships
· The cumulative number of species encountered as a function of area
· S = cAz
· Where S = # species; A = area; c and z are constants
· Logarithmic relationship

Diversity
· Alpha diversity: the diversity within a site, or ecosystem (local diversity)
· Beta diversity: the change in species composition from site to site (e.g., species turnover among ecosystems)
· Gamma diversity: the overall diversity of a landscape, or of all sites combined (regional diversity)
· The reality: Limited conservation funds and these should be spent in the places where the most good can be done

Latitudinal Gradient Pattern in Biodiversity 
1. Greater available energy
· More productive energy = more individuals supported and/or more intense interactions
· Greater ambient energy = higher mutation rates
0. More stable temperatures
1. Large available areas
· larger population sizes = lower extinction rates
· increased probability of geographic isolation

Areas, Cradles and Museums
· The tropics as a cradle
· Greater origination in the tropics
· The tropics as a museum
· Extinction rates are lower in the tropics
· Out of the tropics
· Greater origination and lower extinction
· Movement of species from tropical to extratropical locations
· *In all cases NET DIVERSIFICATION RATE (speciation – extinction) is greater in the tropics
Endemism 
· The restriction of a taxon in its geographical range to a particular region
· Main mechanism: geographic isolation followed by evolutionary radiation
· Particularly vulnerable to disturbance

Fynbos biome
· 8550 vascular plant spp
· 3/4 are endemic
· 0.5% of African continent
· ~20% of the continent’s flora

Speciation:
· evolutionary process by which new biological species arise
· Vicariance
· Number of species
· Complexity of ecological interactions

Extinction:
· Complete, global loss of a species
· Rates determined by disturbance type and severity
· More than 90% of all species that have lived on earth are extinct

Importance of biodiversity
1. Biodiversity for biodiversity’s sake:
· Not convincing for some
0. Ecosystem services 
· the conditions and processes through which natural ecosystems and the humans that make them up, sustain and fulfill human life 

Special species of concern to ecosystem function
1. Dominant species: The most abundant, prevalent, or influential species in a given system/area
2. Ecosystem engineers: any organism that creates or modifies habitats
3. Keystone species
· a species with a greater impact on its community than would be expected based on numbers or biomass
· Mobile links

Mobile Links
· Animal species that provide critical ecosystem services and increased ecosystem resilience by connecting habitats and ecosystems as they move between them
· Genetic (pollination, seed dispersal)
· Process (grazing, predation)
· Resource (translocation of nutrients)
· Non-traditional keystone species

The Empty Forest Syndrome 
· Wildlife trade rapidly emptying tropical forests
· Animals crucial as pollinators, seed dispersers, etc.
· The forest appears pristine yet is eerily quiet, seemingly devoid of life
· Without these crucial biotic interactions many of the forest plants will not persist - the living dead

Trophic cascades:
· Secondary extinctions caused by an earlier extinction
· Largely due to necessary biotic interactions
· Direct implications for ecosystem function/services

Ecosystem Services 
· The conditions and processes through which natural ecosystems, and the species that make them up, sustain and fulfill human life
· Natural capital
· The sum of all of the resources and free services provided by nature
· The benefits of healthy, functioning ecosystems are often unaccounted for in traditional economics, but they are absolutely crucial to our future.


Environmental Externalities 
· Environmental damage that results from the consumption and/or production of a good or service that is not directly reflected in the price charged for the good or service or compensated for in some other, non-price way
· Environmental externalities usually exist because relatively open access to the environment (air, water, land) means that it can be treated as a free receptacle for the wastes of production and consumption
· Reduction in air quality due to vehicle emissions is an example of an environmental externality
· The result when the price of goods and services do not reflect the true costs of producing and consuming those goods and services
· In the context of environmental externalities, a market failure occurs when the price of goods and services does not reflect full societal costs (conventional financial costs + environmental externalities)
· Result: market prices are too low and more of the good or service is likely to be consumed than would be the case if all costs were taken into account
· Many argue, therefore, that environmental externalities need to be included in the cost of producing and consuming goods and services in order for society to make better decisions about how much of the good or service to produce and/or consume


Species terminology
· Native: species that evolved in a certain geographical area
· Alien: (introduced, non-native, exotic): species introduced deliberately or accidentally from a different area or ecosystem.
· Invasive: A species that arrives in a habitat outside of its natural geographic range, establishes a population, and spreads autonomously.
· can cause detrimental ecological, environmental and socio-economic impacts 

Asian Carp in Lake Erie
· could make up ⅕ of total fish
· reduce number of popular species such as rainbow trout 





impacts of ecosystem modification
· Changes to the physical structure of the habitat E.g. grassland à shrubland
· Better competitors leading to overgrowth and shading of natives
· Altered disturbance regime E.g. fire
· Modification of water or nutrient regimes E.g. N-fixing
· Altered disease frequencies e.g. introduced pathogen

Zebra Mussels 
· Originally from Russian area
· Introduced to Great Lakes mid-1980s
· Shift from planktonic à benthic food webs
· Reduced phytoplankton biomass, invertebrate diversity
· Can survive out of water for periods of time
· Many eggs

Impacts of Resource Competition 
· Enhanced foraging efficiency in the introduced gray squirrel
· Competition from the gray squirrel reduces population numbers or leads to local extinction of red

Aggression
· Direct attacks on other species 
· Parasitism (e.g., zebra mussels shut native bivalves)
· Allelopathy
· Direct impacts (Centaurea)
· Indirect impacts

Predation: Nile Pearch
· Weighs up to 100kg
· Introduced by fisheries 
· Lake Victoria, Africa
· Introduced in 1950s for fishery
· evolutionary radiation – hundreds of cichlids; ~50% cichlid species now

European Wild Rabbit 
· Eat grasses and herbs
· Big problem in Australia (and NZ)
· Can breed from 4 months age; multiple litters a year in good conditions
· Soil erosion
· Prevent east-west movement
· Created rabbit proof fence that is now the longest fence in the world 

The chances that an introduced species will be able to successfully establish and compete with resident species are extremely small, unless:
1. The environmental conditions have recently changed,
2. The invading species fills a niche that was not occupied by any of the resident species, and/or
3. Release from natural predators and pathogens enhancing invader fitness
4. Changes to the introduced species or the environment enhance the species-environment pairing
Empty Niches 
· The invader was previously absent from the novel environment owing to its inability to get there
· Pre-adaptation of the invasive species
Evolutionary Mechanisms 
· Adaptive deficiency on the part of the native community members
· Invader better competitor than native species
· Evolution of increased competitive ability hypothesis 
· Structure of community being invaded is important
· Enemy release Hypothesis: the environment in the new range can not only match the ecological requirements of the invasive species, but also be more favourable initially than is the native range. 
· Enemy release: a decrease in regulation by herbivores and other natural enemies experienced by an exotic plant
· Enemy release hypothesis:  states that enemy release is an important mechanism for exotic plant invasiveness 
Invasional Meltdown 
· Some invasive species cause rapid changes in ecosystems and thereby pave the way for subsequent invasions
· Impact: accelerating increase in number of introduced species and their impact

Zebra Mussels 
· Reduced phytoplankton biomass
· Increased water clarity
· Promotes growth of macrophytes
· Increased Eurasian watermilfoil (Myriophyllum spicatum)
· Facilitation




Reduced Genetic Variation
· Introductions can involve small populations containing little genetic variation
· Multiple introductions can enhance this variation and result in adaptive variants



Introgressive Hybridization 
· The incorporation if genes from one species into the gene pool of another because some fertile hybrids are produced from crosses between the two species followed by repeated backcrossing with one parent 

What makes a good invasive species? 
· Easily dispersed
· Reproduction
· A lot (clonal)
· Often
· Non-specialized 
· Herbaceous
· Generalist
· Different phylogenies/niches
· 
What to do about Invasive Species? 
· Keep them out!
· Risk assessment of planned introductions
· Accurate species black lists
· Determine pathways of inadvertent introductions
· Modify behaviors that lead to inadvertent introductions
Dealing with Invasions 
· Eradication: The removal of every individual and propagule of an invasive species so that only reintroduction could allow its return
· Control: Reducing the number and presence of the invader
· Containment: Limiting further spread of the invasive



Eradication
· Item very large short-term investments that are best chance for recovery
· E.g. Asian longhorned beetle in Chicago  citizen knowledge
· Wider conservation needs, e.g. garlic mustard may have ongoing impacts after removal
· Queensland fruit fly: Huge amount of co-ordination and public support required for success, still not allowed to compost 

Control
· Physical
· Ex. Dog strangling vine 
· Need to keep removing 
· Chemical
· Pesticide spray 
· Multiple applications to leaves/seedlings 
· Biological
· Need specialist enemy 
· Ex. Caterpillar to get rid of lady bugs on crops 
Ontario Invasive Species Act 
· Ontario is the first province or territory to create a stand-alone piece of legislation which seeks to directly address the challenges associated with dealing with invasive species
· Takes effect November 2016
Case Study: Whenua Hou, New Zealand 
· Islands are places that can realistically eradicate invasive species
· All introduced pest mammals have now been eradicated from over 100 offshore islands around New Zealand.
· 14 km2, 3 km from Stewart Island Rehabilitation of ecosystem.
·  Many birds and plants that you don’t see on the mainland
Successful Eradication of:
· Brushtail Possoum 
· Kiore (mouse)
· Weka (bird)
· Pest free for almost two decades
Mainland Islands: Zealandia 
· Can get nature right in the central city, without invasive animals. Plant management is ongoing
· Containment of native species, not invasive species!
· Predator proof fences made for cats who eat rare birds 

Habitat Degradation and Loss
· A spectrum of changes to habitat that affect its use by inhabitants
· Primary cause of extinction and endangerment globally
· >83% of the Earth bears our ‘ecological footprint’
· 98% of fertile lands have been transformed
· Habitat degradation: Impacts that affect many but not all species and that may be temporary
· Habitat loss: Extreme changes in habitats that make them unable to support species

Habitat Degradation History 
· Habitat degradation has an early foundation in human history
· First evidence of permanent clearing: 1000-2000 B.P.
· Some oceanic islands demonstrate the devastating effects of habitat degradation by early human inhabitants (Easter Island) 

Global Deforestation 
· Global Deforestation In the past 300 years over half of the global forest cover has been removed
· ~0.1% per year
· More than 60% of these losses have occurred in the tropics
· Today’s rates are higher than ever:
· Latin America 2% per year
· Africa 0.8% per year
· Asia 2% per year




Consequences of Deforestation 
· Regulation of water supplies (e.g., Panama Canal)
· Erosion control
· The Earth’s ‘lungs’ - regional weather patterns
· Largest terrestrial greenhouse gas sink
· Substantial loss of biodiversity
· Farming domestic livestock
· High biomass goals 
· Extensive fencing
· Sedentary habits resulting in extensive damage
· Vegetation changes
· Planting of more valuable species
· Elimination of vegetation
· Erosion (“Dust bowl”)
· Desertification

What is being done for Habitat Deforestation? 
· Afforestation/ reforestation efforts
· Planting/site preparation following harvest
· Protection of watershed areas and other intact areas
· “Natural” forest management
· Many mitigation efforts limited to developed countries

Grasslands, Savannahs and Shrubland’s
· 40.5% of cover on Earth
· Disturbance-mediated
· Low stature and highly fertile soil; easily transformed for cultivation and subsequent urbanization
· Soil formation incredibly slow
Freshwater Systems 
· <1/3 of rivers run unimpeded
· Water diversions
· Dams (~45,000 globally!)
· Widespread draining of wetlands for developments
· Increased sedimentation due to agriculture and land clearing
· Substantial increases in irrigation agriculture
· an increase of 14 to 17 percent in irrigated water withdrawal is projected by 2030
· Agricultural water extractions have caused some of the planet’s largest rivers to go dry (Yellow River, China; the Ganges, India, and the Colorado, United States)
Consequences of Freshwater overuse 
· Endangerment of many freshwater and floodplain species
· 91% of fishes and 99% of mussels in US
· Changes in flow characteristics
· Fast and deep to shallow and stiller
· Changes in species assemblages
· “Hungry waters” - sediment depletion
· Reduction in lake sizes
· Mitigation: 
· Use of native and drought tolerant species
· Reduction in wasteful water use practices 
· Environmental Flows
Marine Systems
· Human reliance on marine resources
· Large growth in urban populations proximate to coasts
· Changes in freshwater flow
· Inputs of toxic chemicals, solid waste and fertilizers
· Transformation for aquaculture and other development (e.g., loss of mangrove systems)
· Increasing sea temperatures

Marine System Consequences 
· Consequences of Marine Systems Recession of coastlines 
· Increased salinity in estuaries
· Nutrient and sediment loading ‘smothering’ productive seagrass beds and altering coral symbiont nutrient dynamics
· Coral reef destruction
· Overfishing + species introductions



Dead Zones 
· Area of hypoxic (<2 ppm dissolved O2) waters at the mouth of a river
· Found worldwide
· Cause: upstream nutrient enrichment resulting in algal overgrowth and O2 depletion = reduction in benthic biomass and diversity
· Seasonal fluctuation in dead zone size
· Mitigation
· Prevention of runoff 
 Timing of application
 Alternative cropping methods
 Organic production 
· Prevention or alternatives to coral harvesting
· Improved fisheries practices/sustainable management 


Habitat Fragmentation
· A process during which a large expanse of habitat is transformed into a number of smaller patches of smaller total area, isolated from each other by a matrix of habitats unlike the original
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