Ecological Principles

This document is thorough and can be extremely useful if you force yourself to do more than just casually read it. (
How to use this outline: 

This outline contains most of the topics from the ecology units.  While making sure you understand the topics is important, you should push yourself to draw connections between concepts.

· Ask yourself:  

· What else does this concept relate to on this outline?  

· What environmental problems from the year relate back to this concept?  

· Think of “defining” these concepts in as many ways as possible.  

· Provide examples of each concept.

ECOLOGY IN GENERAL

· Role of scale: organism, species, populations, communities, ecosystems, biomes, spheres

· Habitat, fundamental niche, realized niche, abiotic factors, biotic factors, range of tolerance (zone of intolerance, physiological stress zone, optimum range), limiting factors, generalist species (i.e. cockroaches—been around for 350 mill years), specialist species, native species (know examples), invasive species (know examples), introduced species (know examples), 

SPHERES

· Lithosphere, hydrosphere, biosphere, atmosphere

· different zones of lithosphere & atmosphere 

· Nutrient Cycles –think about human impacts: most of them relate to changing speed of cycle and/or storage of compounds

· Nitrogen – proteins, DNA, many nutrients for organisms 

· Ammonification, denitrification, nitrification, nitrogen fixation, nitrogen-fixing bacteria, legumes, nodules,  nitrates, nitrites, ammonium ions

· Human impacts on N cycle

· Emit NO into atmosphere during fossil fuel combustion ( HNO3 (nitric acid) = acid deposition

· N2O from anaerobic bacteria digesting livestock waste & inorganic fertilizers; N2O = greenhouse gas

· Nitrate ions from fertilizers contaminate groundwater

· Eutrophication (ag runoff & sewage systems)

· Phosphorus – in DNA

· Guano, weathering, marine sediments, dissolved in fresh & marine water, food webs, fertilizers

· Human impacts

· Eutrophication

· Mining phosphate for inorganic fertilizers

· Often the limiting factor for plant growth! 

· Water/Hydrologic 

· Water’s unique properties (know them!)

· Glaciers, runoff, infiltration, transpiration, evaporation, percolation, aquifers, role in sculpting rock, largest lake = Lake Baikal (Russia), specific major effects of humans on water cycle: 

· Withdraw from lakes, aquifers, streams faster than replenished

· Impervious surfaces (bldgs, roadways, etc) ( increases runoff

· Pollute water with phosphates, nitrates, etc

· Warmer climate ( speeding up cycle ( change weather patterns

· Carbon

· Volcanic action, dissolved in water, combustion of fossil fuels (oil, coal, natural gas), death, sedimentation, combustion of biomass, diffusion, climate change, greenhouse effect

· Human impacts on C cycle


· Sulfur - proteins

· Most in underground rocks &  minerals 

· Hydrogen sulfide, sulfur dioxide, sulfate PM, DMS, sulfuric acid, acid deposition, sulfur reducing bacteria (used in bioremediation in some instances)

· Human impacts

· Burn S-containing coal and oil to produce electric power releases SOx (know types and effects)

· Convert S-containing metallic ores ( free metals (Cu, Fe, Zn), which releases SO2 gas

· Energy Flow

· 2 Laws of Thermodynamics

· solar energy – light waves – UV radiation

· autotrophs, heterotrophs, energy pyramid, pyramid of biomass, pyramid of numbers, consumers, keystone predators, decomposers, omnivores, detritivores, herbivores, carnivores, food web, energy flow/trophic levels, GPP, NPP (which biomes have highest NPP?  Which have lowest NPP?)

· Cellular respiration 

· Anaerobic (alcoholic fermentation & lactic acid fermentation) & aerobic

· Photosynthesis

COMMUNITIES

· Edge community, species richness/diversity, species abundance (species evenness), island biogeography (species equilibrium model), 

· Types of species

· indicator species 

· birds
·  amphibians b/c habitat loss, increased UV radiation, pesticide exposure, climate change

· keystone species(know examples)
· foundation species – new idea that expands idea of keystone species to include species that play a major role in shaping communities

· ex elephants: create forest openings by pushing over and uprooting trees 

· these openings benefit smaller herbivores b/c grass grows in openings

· also accelerates nutrient cycling

· ex beaver – by building dams creating wetlands 

· species interactions

· intraspecific vs interspecific 

· resource partitioning 

· character displacement

· competitive exclusion principle

· predator-prey relationships

· predator adaptations: pursuit & ambush, camouflage, chemical warfare

· prey adaptations: speed, camouflage, mimicry, warning coloration, behavioral strategies

· symbiotic relationships

· commensalism, parasitism, mutualism -- (know examples of each!!)
· Ecological succession

· Causes of primary vs. secondary 

· Pioneer organisms(know examples), mid-successional organisms, climax community

· Ecological stability

· Persistence (inertia) – ability of ecosystem to resist being altered

· Constancy – ability of population or ecosystem to keep its numbers within range of available resources 

· Resilience – the ability of an ecosystem to bounce back and repair damage from disturbance


BIODIVERSITY & POPULATIONS

· HIPPO = 5 major causes of species decline

· Role of evolution & natural selection: POPULATIONS of species evolve (not individuals!)

· Genetic diversity

· Natural selection = those organisms with more beneficial traits are more likely to survive, reproduce & pass on those traits

· Adaptation = beneficial trait

· Evidence: DNA, fossils, radioactive dating

· Mutations – random changes in structure of DNA

· Co-evolution = populations of 2 different species evolve in response to the other

· Ex. Some flowers & their pollinators

· Gene pool & rate of reproduction limit natural selection 

· Artificial Selection & genetic engineering

· Selective breeding (livestock, food crops, poultry, pets)

· GMOs – genetically modified organisms or TRANSGENIC organisms = modified by using recombinant DNA

· Has great promise but

· Unpredictable process

· Raises questions about privacy, ethics & legality

· Environmental concerns

· Resistant pathogens, resistant crop pests

· Kingdom, Phylum, Class, Order, Family, Genus, species

· Geologic Processes

· Continental drift, volcanic activity and earthquakes can eradicate existing species and provide place for new species

· Speciation = 2 new species arise from one species

· Most common cause = geographic isolation

· Reproductive isolation 

· Extinction

· Endemic species, background extinction, mass extinction, mass depletion

· 5 major periods of mass extinctions

· Ordovician – 50% of animal FAMILIES – 500 million years ago

· Devonian – 30% of animal families – 345 million years ago

· Permian – 90% of animal species, many trees - 250 million years ago

· Triassic – 35% of animal families, including reptiles & marine mollusks – 180 million years ago

· Cretaceous – 80% of ruling reptiles, many marine species – 65 million years ago

· Population dynamics – **This outline does not include human population dynamics

· Carrying capacity

· Distribution

· clumping, uniform, random

· Causes and examples of organisms 

· numbers

· Population change = (births + immigration) – (deaths + emigration)

· Growth: exponential or geometric (J shaped curve) & logistic (S shaped curve)

· Biotic potential

· Intrinsic rate of increase

· Environmental resistance

· Carrying capacity

· What occurs when a population exceeds – be very specific!

· Population change curves—know specifics & examples for:

· Stable

· Irruptive

· Cyclic/boom-bust

· irregular

· age structures

· prereproductive, reproductive and postreproductive ages

· rapid, slow, zero and negative growth

· Know examples of countries with

· look over these diagrams

· population momentum

·  density

· density-dependent vs density-independent controls

· reproductive patterns

· asexual vs sexual (pros & cons of each)

· r-selected species (includes opportunists) vs k-selected species (includes competitors)

· examples

· relate to types of species (invasive species, keystone), ecological succession

· survivorship curves – look over diagrams!  Know organisms that fall into each category

· late loss

· early loss

· constant loss

· life tables

SOIL

· Minerals, rocks, weathering, soil = ecosystem (both living &  nonliving), soil horizons (know them!), soil profile, humus, leaching, infiltration, sand, silt, clay, loam, soil texture (ribbon test), soil nutrients, soil pH, types of soil erosion

· Review your soil lab!  You should know different characteristics of soil to test

· Relate to environmental problems – salinization, compaction, overgrazing, soil erosion…

· Relate to different biomes

Climate

· Atmosphere: 

· Weather vs climate, elevation, latitude, elevation, precipitation, earth’s tilt, seasons, Coriolis Effect, temperature, precipitation, biomes, convention cells, equator, poles, topography, rain shadow effect, windward, leeward, microclimates

· Biomes – look over climatographs!! Elaborate on human impacts for each & know specific examples
· Desert: evaporation exceeds precipitation; very fragile = slow plant growth, low species diversity, slow nutrient cycling, little water

· Tropical deserts = Sahara (Africa)

· Temperate deserts = Mojave (CA),

· Cold deserts = Gobi (China)

· Plants: succulent, deep roots, no leaves (minimal evapotranspiration)

· Animals: small, thick outer coverings to minimize water loss through evapo

· Human impacts: large desert cities, soil salinization (from irrigation), groundwater depletion (for human & ag use), land disturbance from mining

· Grasslands: usually interior

· not enough water seasonal drought, grazing by large herbivores, occasional fires = all prevent lots of trees from growing

· tropical = savannahs

· temperate 

· fertile soils b/c large O layer, cold winters, summers hot & dry 

· polar = arctic tundra

· climate change causing permafrost to melt, releasing methane (greenhouse gas)

· tropical & temperate = fire-prone/dependent

· human impacts: conversion to cropland, overgrazing, releasing carbon dioxide from burning, oil production & off-road vehicles in arctic tundra

· Chaparral: coastal regions, southern CA, Mediterranean Sea, southern Australia

· Dense, low-growing evergreen shrubs

· Soil is thin and not fertile

· fire-prone/dependent

· Forests: enough precipitation to support trees

· Tropical rain forests: high NPP, high biodiversity, acidic soils, soil low in nutrients (b/c of quick nutrient cycling), broadleaf evergreen plants

· Temperate deciduous forest: nutrient-rich soil, broadleaf deciduous trees

· Boreal/Coniferous Forest or Taiga: slow decomposition rates (b/c of temp), deep humus layer

· Temperate rain forests: scattered coastal areas, evergreen trees

· Human impacts: clearing for ag, livestock grazing, timber & urban development; conversion to tree plantations for paper & timber

· Mountains

· Prone to erosion, contain majority of world’s forests, regulate world’s climate, critical role in water cycle (seasonal melting)

· Human impacts: timber extraction, mineral extraction, increased UV radiation from ozone depletion

· Ocean: b/c so big largest contributor to NPP though individual zones do not have large NPP

· Distribute heat, equator, poles, water density, water salinity, water temperature, ENSO, plankton, zooplankton, benthos, nekton, upwellings

· Coastal Zone – high NPP; life must be able to adapt to seasonal & daily fluctuations in tidal/river flows & sediment/nutrients

· Filter toxic pollutants, excess nutrients

· Reduce storm damage

· Provide food, nursing grounds & habitat

· Estuaries

· Coastal wetlands 

· Wetland mitigation

· Intertidal Zones 

· Barrier islands

· Rocky shores

· Coral Reefs – clear, coastal waters, tropics/subtropics

· High biodiversity

· Corals = animals

· Vulnerable to damage – slow growth, small range of temperature tolerance

· Major threats include: ocean warming, soil erosion, bleaching, increased UV radiation, damage from fishing and diving, increased algae growth b/c of fertilizer runoff

· Open Sea – from edge of continental shelf; 3 vertical zones based on sunlight

· Euphotic zone 

· most sunlight, upper zone

· low nutrient levels (why?) – except around upwellings

· high DO (why?)

· most photosynthesis (why?)

· Bathyl zone

· Middle zone – no photosynthesis 

· Zooplankton & smaller fish migrate to feed on surface at night

· Abyssal zone

· Dark, very cold

· Little DO

· Enough nutrients to sustain life: many filter feeders, detritivores

· Human impacts on ocean

· Coastal development = agriculture & urbanization

· Aquaculture disturbing coastal habitats

· Beach erosion from coastal development

· Ocean floor degradation from dredging and trawler fishing

· Coral reefs degraded b/c of many reasons (you know them!)

· Fresh Water

· Standing water (lentic) = lakes
· Causes: glaciation, volcanic activity, crustal displacement

· Water supplied from snow melt, rainfall and tributaries (watershed or drainage basin)

· Zones

· Littoral – near shore, shallow, sunlit, most NPP, inputs of nutrients from surrounding land, know examples of plants and animals here

· Limnetic – open, sunlit surface away from shore that extends to depth where sunlight penetrates

· Most of lakes photosynthesis occurs here

· Profundal – deep, dark, open water

· No photosynthesis – low DO

· Benthic – bottom, dark

· Detritus feeders, decomposers

· Spring & Fall Overturns

· Thermocline

· Bring DO from surface to lake bottom & nutrients from bottom to top

· Oligotrophic vs Eutrophic vs Mesotrophic

· Look over Wards Ponds labs—you should know different water quality tests

· Flowing systems (lotic) = streams, rivers
· Important in natural water erosion to form topography

· Floodplains, deltas, sediments, dams, levees

· Inland wetlands – covered with freshwater all or part of the time

· Natural sponges, migratory bird habitat, rich in nutrients, reduce flooding, reduce erosion, help recharge groundwater, supply natural capital (fish, shellfish, blueberries, cranberries, timber, rice)

· Wetland mitigation

· Human impacts: dams, other water diversion projects, levees (to control floods), draining or filling wetland for agriculture, urbanization

· Florida Everglades (look over reading)
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