
Opportunities for Help 

!  Office Hours next week:  
! Mon. 11:00-12:00+ (Nico) 
! Tues.  

" 11:45-12:45+ (Wendy) 
" 1:00-2:00 (Rylee) (B8271) 

 

!  Exam  
! Thurs. Dec. 5, 8:30-10:30 (C9001) 
! Bring a calculator & student ID 
! not cumulative but you will need to draw on earlier 

material 



1.  Exploitation (especially of top predators) 

2.  Invasive/exotic species 

3.  Land modification/habitat loss 

4.  Appropriation of freshwaters 

5.  Nutrient pollution (eutrophication) 

6.  Contaminant pollution 

7.  Stratospheric ozone depletion 

8.  Climate warming* 

Major Drivers of Biodiversity Loss 



3. Changes in land-use 

SFU 
Forestry, Agriculture, 
Urbanization 



Global Forest Loss (BC) 



Global Forest loss since 1980* 
5 

•  Fragmentation 
•  Smaller areas 
•  Smaller population sizes 
•  Higher (local) extinction 

risk 



Top soil erosion 

Dust bowl in 1920’s and 1930’s in Central US & Canada 
conversion of prairies #  

 -plow-based agriculture disrupted root mats 
 -replaced deep rooted natives with shallow grains   
 -combined with drought 

*Globally, soil is eroding ~5X higher than it’s being replaced 
*Increasingly dependent on chemical fertilizers 



Top soil erosion 



Changes in land-use 

Clearing of tropical forests for non-sustainable agriculture/grazing 
Remember that many tropical forests are maintained by 
nutrient recycling within standing forests... 
 
                          ... results in short term gains when converted   



Top soil erosion: Amazon Basin 

~6-10 metric T/ha/yr in 1960 
~18-190 metric T/ha/yr in 1980 



Top soil erosion: Amazon Basin 2019 

What is this 
being 
converted to?  



Top soil erosion: Amazon Basin 2019 

What is this 
being 
converted to?  



Changes in land-use 

Tropical forests maintained by nutrient recycling within standing forests... 
                      ...relatively short term gains when converted 

     
  What is required to maintain these plantations? 

 



Global Land-Use Change 

!  12% of global land area converted for Agriculture 
(at the expense of forests) 

!  20-30% is Pasture/Grazed land 

!  Increasing fastest... in tropical regions SE Asia, S 
America, Africa (e.g. palm oil) 

!  Reforestation (reversing previous forest cutting) in N. 
America and Europe 

!  ID’d as single biggest threat to terrestrial 
biodiversity 

13 



4. Appropriation of freshwaters 

Humans currently use about 50% of global (available) 
freshwater, and we’re depleting deep water aquifers 
(much slower to ‘recharge’) 



4. Appropriation of freshwater supplies 

Postel et al. 1996 Science 



Water: Irrigation and salinization of soils 

Irrigation can turn deserts into productive farmland. But… 
 
accumulation of dissolved salts in water concentrate in 
irrigated soils  

John L. Sabo et al. PNAS 2010;107:21263-21269 



5. Eutrophication of lakes and coastal oceans 

photic 

aphotic 

Excess 
nutrient 
inputs 



5. Eutrophication of lakes and coastal oceans 



Nitrogen and Phosphorus  

Large inputs of available N and P by humans: 
–  Agriculture (fertilization and erosion) 
–  Industrial and residential outputs (chemlawn) 
–  Fossil fuel burning - release of NOx 
–  Land clearing 

Cultural eutrophication  
anthropogenically altered high nutrient availability, high productivity  19 



Cultural 
eutrophication 

20 

Nitrogen application 



Cultural 
eutrophication 

21 

2015 

*18,000 km2 

Coastal Hypoxia  



Global Fertilizer Application 
22 



Eutrophication of lakes and coastal oceans 



6. ‘Pollutants’ and contaminants – local & regional issues 

Acid mine drainage-mobilization of 
sulfur from coal mines ( = extremely 
low pH, mobilizes copper, lead, 
mercury) 

Metal smelting produces ‘heavy 
metals’ (mercury, arsenic, lead, 
copper, nickel, zinc, etc.) 
 
*extremely toxic to most organisms—
including humans 

Acid rain from burning of fossil fuels 
(NOx SOx) 



‘Pollutants’ and contaminants – local & regional issues 

Oil spills (mix of hydocarbons, nitrogen, sulfur) : mostly coastal oceans, strong 
organic solvents, interferes with biological membranes  

 

Differences between types of hydrocarbons: light vs. heavy oils, natural gas, 
diluted bitumen 



‘Pollutants’ and contaminants – local & regional issues 

Green et al. 2016 Front. Ecol. & Env. 

Weight of evidence approach 



‘Pollutants’ and contaminants – local & regional issues 

Pesticides (usually synthetic—man-made) as chemical warfare: 

Insecticides, Herbicides, Fungicides, Rodenticides  

Applications: agriculture, veterinary, domestic 

methylmercury, chlorinated hydrocarbons (DDT), organophosphorus 
compounds (malathion), carbamate insecticides, triazine herbicides 
(roundup) 
 



Pesticides: DDT 

Insecticide first used 1939 (malaria, typhus) 
 
Paul Müller awarded Nobel Prize 
 
1962 Rachel Carson writes Silent Spring 
 
Implicated in decline of song birds and 
hawks, falcons, eagles 
 
1972 DDT banned in US (1985 Canada) 
 
Spawned modern environmental movement 
  
Catalyst for the US Endangered Species Act 



Global redistribution of volatile contaminants - global issue 

“Persistent organic pollutants” 
 
PCB’s (polychlorinated biphenyls)  
DDT 



7. Stratospheric ozone (O3) depletion 

•  absorbs UV-R 
•  destroyed by CFCs 
•  UV-R = DNA damage 

Ultraviolet Visible Near infrared Infrared

Wavelength, nm
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heat 

Photosynthetically Active Radiation 

vision 



7. Stratospheric ozone (O3) depletion 

•  absorbs UV-R 
•  destroyed by CFCs 
•  UV-R = DNA damage 

harmful UV 
to human 
skin 



Stratospheric ozone (O3) depletion 

- absorbs UVR 
- destroyed by CFCs 
- UVR = DNA damage 

Montreal protocol was ratified (1987) to 
phase out CFCs by the end of the 20th 
century. Recovery should happen! 

Additional complication: Ozone is a strong 
greenhouse gas when produced at Earth’s 
surface 



8. Global Climate Change 



Northern Hemisphere Climate  

Data from thermometers (red) and from tree rings, 
corals, ice cores and historical records (blue). D
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From IPCC, 2001 



Side note:  

!  Intergovernmental Panel on Climate Change 

!  Global community of experts  
! 1000’s of scientists from 40+ countries 
 

!  Founded in 1988, under United Nations 
!  Goal: “stabilize greenhouse gas concentrations in 

the atmosphere at a level that would prevent 
dangerous anthropogenic [i.e., human-induced] 
interference with the climate system” 

 



Side note: 

!  Reports in 1990, 1995, 2001, 2007, 2014 

!  Currently working on the 6th Assessment Report 
(Finalized in 2022) 

!   Reports: “the scientific, technical and socio-
economic information relevant to understanding the 
scientific basis of risk of human-induced climate 
change, its potential impacts and options for 
adaptation and mitigation” 



Side note: 

!  Reports in 1990, 1995, 2001, 2007, 2014 

!  Currently working on the 6th Assessment Report 
(Finalized in 2022) 

!   Reports: “the scientific, technical and socio-
economic information relevant to understanding the 
scientific basis of risk of human-induced climate 
change, its potential impacts and options for 
adaptation and mitigation” 



Greenhouse effect 



“Point of no return” 
~450ppm [CO2] 
 
50% change of keeping global 
temperature to <2*C 
 
350ppm considered “safe”  

Today:  
407.8 ppm 



Relative warming potential of GHG’s 

Canada (2016): 
CO2 = 79% 
NH4 = 14% 
NOx = 5% 
Fluor. = 2% 



CO2ppm and Climate change  



What do we know scientifically?  



What do we know scientifically?  



Top GHG emitters 

Boden et al. (2009) 



Top GHG emitters (and per capita) 







seeing.climatecentral.org 

Vancouver regional sea-level rise 



BIODIVERSITY IMPACTS 





Crick et al. 1997  

Biological feedbacks to climate change? 



Poleward 6.1km per decade 



Shifts in timing of biological events 

Root et al. (2003) 

Trends for migration, breeding, nesting, flowering 



1. Advance of spring events (bud burst, flowering, breaking hibernation, migrating, breeding) 
 
2. Poleward range shifts for individual species and expansions of warm-adapted communities. 
 
3. Observed changes have been linked to local or regional climate change (long-term 
correlations between climate and biological variation, experimental manipulations in the field and 
laboratory, and basic physiological research). 
 
4. Species respond differently. Can disrupt predator-prey and insect-plant interactions   
 
5. Shifts in abundances or range of parasites and their vectors are beginning to influence 
human disease dynamics. 
 
6. Range-restricted species, esp. polar and mountaintop species, show more-severe range 
contractions (1st groups for climate-based extinctions, esp. tropical coral reefs and amphibs) 
 
7. Evolutionary responses can’t ‘keep up’ with climate-induced changes. Evolution will not 
prevent predicted species extinctions. 
 

Biological impacts of climate change 



Effects on functioning of ecosystems 

 
Effects on services and products provided to 
humans (“ecosystem services”) 

Biodiversity loss 



Millennium Ecosystem Assessment 

How does biodiversity loss relate to 
ecosystem function?  



What can we do? 
ecological footprint 

Ecological Footprint 

global hectares/person 



What can we do? 

What’s your personal ‘ecological footprint’? 
 
How does it compare to the N. American average? 
 
…to the global average? 
 
How can you reduce your footprint? 
 
 

www.myfootprint.org or http://www.livesmartbc.ca/homes/h_calc.html   



Your responsibility as an educated global citizen… 

Get informed.  
Read and understand the science behind these issues. 



• Field station courses (small, intensive, lots of hands on learning) 
• Bamfield Marine Sciences Ctr.  
• Rocky Mountain Biological Lab 
• Mountain Lake Biological Station 
• Flathead Lake Biological Station 

• NSERC (Nat’l Science & Engineering Research Council) 
• Undergraduate Summer Research Apprenticeship (paid, 12 
weeks) 

• Volunteer (or paid once you have skills) for faculty members 
• Biology website: research opportunity descriptions 
• Or contact anyone by email 

• Research for credit courses (BISC 498/497) 
• Approach a faculty member and ask if they’ll supervise you 

Ecological Research Opportunities 



Thanks! 





Canada’s GHG Emissions 



Canada’s GHG Emissions 
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US & Canada: Emissions to 2020 

Paris target: 
30% by 
2030.... 

X 



Changing relationships between 
species ranges & reserve boundaries 



Changing relationships between 
species ranges & reserve boundaries 

Species 1 Species 2 Species 3 



Species will track changes at different 
rates 

2 species tracking climate similarly 

2 species tracking climate differently 



Your responsibility as an educated global citizen… 

Get informed.  
Read and understand the science behind these issues. 



Local exotic species introductions 



Cultural Eutrophication 



Acid mine drainage-mobilization of 
sulfur from mines ( = extremely low 
pH) 

mobilizes other toxic heavy metals 

 

low pH mobilizes copper, lead, 
mercury (extremely toxic in 
water)   

6. ‘Pollutants’ and contaminants – local & regional issues 



Changes in land-use 



Changes in land-use 

Tropical forests maintained by nutrient recycling within standing forests... 
                      ...relatively short term gains when converted 

     
  What is required to maintain these plantations? 

 



From Madronich et al. (1998) 

Atmospheric UV-B flux 

• Montreal Protocol 
(1987) 

• Mid-latitude 
predictions (~5% 
increase since 1980) 

Recovery from ozone depletion? 
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