
Smallest unit of a chemical element 
that exhibits its chemical properties 

Atom 

Molecule Chemical combination of two or 
more atoms of the same or different 
elements 

Cell 
The fundamental structural and 
functional unit of life 

Organism An individual living being 

Population A group of individuals of the same 
species living in a particular place 

Community Populations of different species 
living in a particular place, and 
potentially interacting with each 
other 

Stepped Art 

Ecosystem A community of different species 
interacting with one another and with 
their nonliving environment of matter 
and energy 

Biosphere Parts of the earth's air,water, and soil 
where life is found 

Oxygen Hydrogen 

Water 

Fig. 3-5, p. 58 





Reproduc)ve	
  Pa.erns	
  and	
  Survival	
  

r-Selected Species 

cockroach dandelion 
Many small offspring 
Little or no parental care and protection of 
offspring 
Early reproductive age 
Most offspring die before reaching  
reproductive age 
Small adults 
Adapted to unstable climate and environmental  
conditions 
High population growth rate (r) 
Population size fluctuates wildly above and below  
carrying capacity (K) 
Generalist niche 
Low ability to compete 
Early successional species 

Fewer, larger offspring 
High parental care and protection of offspring 
Later reproductive age 
Most offspring survive to reproductive age 
Larger adults 
Adapted to stable climate and environmental  
conditions 
Lower population growth rate (r) 
Population size fairly stable and usually close  
to carrying capacity (K) 
Specialist niche 
High ability to compete 
Late successional species 

elephant saguaro 

K-Selected Species 

Fig. 9.10b,  
p. 205 
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Fig. 9.11, p. 206 



A	
  species	
  metapopula)on	
  is	
  defined	
  as	
  a	
  set	
  of	
  spa)ally	
  separated	
  
popula)ons,	
  which	
  have	
  some	
  form	
  of	
  migra)on	
  or	
  mixing	
  
behavior	
  among	
  them.	
  



A	
  species	
  metapopula)on	
  is	
  defined	
  as	
  a	
  set	
  of	
  spa)ally	
  separated	
  popula)ons,	
  which	
  have	
  
some	
  form	
  of	
  migra)on	
  or	
  mixing	
  behavior	
  among	
  them.	
  Animal	
  popula)ons	
  are	
  oBen	
  
thought	
  of	
  in	
  the	
  context	
  of	
  metapopula)ons,	
  but	
  plants	
  are	
  an	
  equally	
  worthy	
  subject,	
  
since	
  seed	
  dispersal	
  is	
  tantamount	
  to	
  animal	
  migra)on	
  in	
  connec)ng	
  disparate	
  habitat	
  
patches.	
  The	
  name	
  metapopula)on	
  was	
  first	
  used	
  in	
  1970	
  by	
  Levins	
  to	
  describe	
  a	
  
popula)on	
  dynamics	
  model	
  for	
  insect	
  pests	
  inhabi)ng	
  crop	
  growing	
  areas;	
  however,	
  the	
  
idea	
  has	
  since	
  been	
  most	
  broadly	
  applied	
  to	
  species	
  in	
  fragmented	
  habitats.	
  



	
  
J-­‐Curves	
  and	
  S-­‐Curves	
  

•  Exponen)al	
  growth	
  
– Starts	
  slowly,	
  then	
  accelerates	
  to	
  carrying	
  capacity	
  
when	
  meets	
  environmental	
  resistance	
  

•  Logis)c	
  growth	
  
– Decreased	
  popula)on	
  growth	
  rate	
  as	
  popula)on	
  
size	
  reaches	
  carrying	
  capacity	
  

	
  



Logis)c	
  Growth	
  of	
  Sheep	
  in	
  Tasmania	
  

Fig. 5-15, p. 115 





Popula)on	
  Cycles	
  for	
  the	
  Snowshoe	
  Hare	
  and	
  	
  
Canada	
  Lynx	
  

Fig. 5-18, p. 118 



Each	
  Species	
  Plays	
  a	
  Unique	
  Role	
  	
  
in	
  Its	
  Ecosystem	
  

•  Ecological	
  niche,	
  niche	
  
–  Pa.ern	
  of	
  living:	
  everything	
  that	
  affects	
  survival	
  and	
  
reproduc)on	
  

– Water,	
  space,	
  sunlight,	
  food,	
  temperatures	
  
	
  

•  Generalist	
  species	
  
–  Broad	
  niche:	
  wide	
  range	
  of	
  tolerance	
  

	
  
•  Specialist	
  species	
  	
  

– Narrow	
  niche:	
  narrow	
  range	
  of	
  tolerance	
  



Specialist	
  Species	
  and	
  Generalist	
  Species	
  Niches	
  

	
  
	
  
	
  
	
  
	
  	
  	
  

Fig. 4-13, p. 95 



In	
  ecology,	
  the	
  compe))ve	
  exclusion	
  
principle,	
  some)mes	
  referred	
  to	
  as	
  Gause's	
  
law	
  of	
  compe))ve	
  exclusion	
  or	
  just	
  Gause's	
  
law,	
  is	
  a	
  proposi)on	
  that	
  states	
  that	
  two	
  
species	
  compe)ng	
  for	
  the	
  same	
  resource	
  
cannot	
  coexist	
  at	
  constant	
  popula)on	
  values,	
  
if	
  other	
  ecological	
  factors	
  remain	
  constant.	
  





Some	
  Species	
  Feed	
  off	
  Other	
  Species	
  
by	
  Living	
  on	
  or	
  in	
  Them	
  

•  Parasi4sm	
  	
  
	
  
•  Parasite	
  is	
  usually	
  much	
  smaller	
  than	
  the	
  host	
  

•  Parasite	
  rarely	
  kills	
  the	
  host	
  

•  Parasite-­‐host	
  interac)on	
  may	
  lead	
  to	
  
coevolu)on	
  



Parasi)sm:	
  Trout	
  with	
  Blood-­‐Sucking	
  Sea	
  Lamprey	
  

Fig. 5-7, p. 110 



In	
  Some	
  Interac)ons,	
  Both	
  Species	
  
Benefit	
  

•  Mutualism	
  	
  
	
  
•  Nutri)on	
  and	
  protec)on	
  rela)onship	
  

•  Gut	
  inhabitant	
  mutualism	
  

•  Not	
  coopera)on:	
  it’s	
  mutual	
  exploita)on	
  



Fig. 5-8, p. 110 

Mutualism:	
  Hummingbird	
  and	
  Flower	
  	
  



Mutualism:	
  Oxpeckers	
  Clean	
  Rhinoceros;	
  Anemones	
  Protect	
  
and	
  Feed	
  Clownfish	
  	
  

Fig. 5-9, p. 111 



Fig. 5-9a, p. 111 
(a) Oxpeckers and black rhinoceros 



Fig. 5-9b, p. 111 
(b) Clownfish and sea anemone 



In	
  Some	
  Interac)ons,	
  One	
  Species	
  Benefits	
  
and	
  the	
  Other	
  Is	
  Not	
  Harmed	
  

•  Commensalism	
  	
  
	
  
•  Epiphytes	
  

•  Birds	
  nes)ng	
  in	
  trees	
  



Commensalism:	
  Bromiliad	
  Roots	
  on	
  Tree	
  Trunk	
  Without	
  
Harming	
  Tree	
  

Fig. 5-10, p. 111 



Keystone	
  Species	
  Play	
  Cri)cal	
  Roles	
  in	
  
Their	
  Ecosystems	
  

•  Keystone	
  species:	
  roles	
  have	
  a	
  large	
  effect	
  on	
  
the	
  types	
  and	
  abundances	
  of	
  other	
  species	
  

•  Pollinators	
  

•  Top	
  predators	
  



Case	
  Study:	
  Why	
  Should	
  We	
  Care	
  
about	
  the	
  American	
  Alligator?	
  

•  Largest	
  rep)le	
  in	
  North	
  America	
  

•  1930s:	
  Hunters	
  and	
  poachers	
  

•  Importance	
  of	
  gator	
  holes	
  and	
  nes)ng	
  mounds:	
  a	
  
keystone	
  species	
  

•  1967:	
  endangered	
  species	
  
	
  
•  1977:	
  comeback,	
  threatened	
  species	
  



American	
  Alligator	
  

Fig. 4-18, p. 99 



Ecotone	
  
...may	
  exist	
  along	
  a	
  broad	
  belt	
  or	
  in	
  a	
  small	
  
pocket,	
  such	
  as	
  a	
  forest	
  clearing,	
  where	
  two	
  
local	
  communi)es	
  blend	
  together.	
  The	
  
influence	
  of	
  the	
  two	
  bordering	
  communi)es	
  
on	
  each	
  other	
  is	
  known	
  as	
  the	
  edge	
  effect.	
  An	
  
ecotonal	
  area	
  oBen	
  has	
  a	
  higher	
  density	
  of	
  
organisms	
  of	
  one	
  species	
  and	
  a	
  greater	
  
number	
  of	
  species	
  than	
  are	
  found	
  in	
  either	
  
flanking	
  community.	
  Some	
  organisms	
  need	
  a	
  
transi)onal...	
  
Community	
  ecology:	
  Ecotones	
  
...specifically	
  for	
  living	
  in	
  these	
  zones.	
  In	
  
many	
  cases,	
  the	
  number	
  of	
  species	
  and	
  the	
  
popula)on	
  density	
  are	
  greater	
  within	
  the	
  
ecotone	
  than	
  in	
  the	
  surrounding	
  
communi)es,	
  a	
  phenomenon	
  known	
  as	
  the	
  
edge	
  effect.	
  



Producers	
  and	
  Consumers	
  Are	
  the	
  Living	
  
Components	
  of	
  Ecosystems	
  (3)	
  

•  Aerobic	
  respira4on	
  
– Using	
  oxygen	
  to	
  turn	
  glucose	
  back	
  to	
  carbon	
  
dioxide	
  and	
  water	
  

•  Anaerobic	
  respira4on	
  =	
  fermenta4on	
  
– End	
  products	
  are	
  carbon	
  compounds	
  such	
  as	
  
methane	
  or	
  ace)c	
  acid	
  







Ecosystems	
  Have	
  Living	
  and	
  	
  
Nonliving	
  Components	
  

•  Abio)c	
  
– Water	
  
– Air	
  
– Nutrients	
  
– Rocks	
  
– Heat	
  
– Solar	
  energy	
  	
  

•  Bio)c	
  
– Living	
  and	
  once	
  living	
  

	
  



Major	
  Bio)c	
  and	
  Abio)c	
  Components	
  of	
  an	
  Ecosystem	
  

	
  
	
  
	
  
	
  
	
  	
  	
  







Producers	
  and	
  Consumers	
  Are	
  the	
  Living	
  
Components	
  of	
  Ecosystems	
  (1)	
  

•  Producers,	
  autotrophs	
  
–  Photosynthesis:	
  

•  CO2	
  +	
  H2O	
  +	
  sunlight	
  →	
  glucose	
  +	
  oxygen	
  
–  Chemosynthesis	
  

•  Consumers,	
  heterotrophs	
  
–  Primary	
  consumers	
  =	
  herbivores	
  
–  Secondary	
  consumers	
  
–  Ter4ary	
  consumers	
  
–  Carnivores,	
  Omnivores	
  



Producers	
  

Fig.	
  3-­‐7a,	
  p.	
  59	
  



Consumers	
  

Fig.	
  3-­‐8a,	
  p.	
  60	
  



Producers	
  and	
  Consumers	
  Are	
  the	
  Living	
  
Components	
  of	
  Ecosystems	
  (2)	
  

•  Decomposers	
  
– Consumers	
  that	
  release	
  nutrients	
  
– Bacteria	
  
– Fungi	
  

•  Detri4vores	
  
– Feed	
  on	
  dead	
  bodies	
  of	
  other	
  organisms	
  
– Earthworms	
  
– Vultures	
  

	
  



Decomposer	
  

Fig.	
  3-­‐9a,	
  p.	
  61	
  



Detri)vores	
  and	
  Decomposers	
  



Producers	
  and	
  Consumers	
  Are	
  the	
  Living	
  
Components	
  of	
  Ecosystems	
  (3)	
  

•  Aerobic	
  respira4on	
  
– Using	
  oxygen	
  to	
  turn	
  glucose	
  back	
  to	
  carbon	
  
dioxide	
  and	
  water	
  

•  Anaerobic	
  respira4on	
  =	
  fermenta4on	
  
– End	
  products	
  are	
  carbon	
  compounds	
  such	
  as	
  
methane	
  or	
  ace)c	
  acid	
  



Energy	
  Flow	
  and	
  Nutrient	
  Cycling	
  

•  One-­‐way	
  energy	
  flow	
  from	
  sun	
  
	
  
•  Nutrient	
  cycling	
  of	
  key	
  materials	
  



Ecosystem	
  Components	
  



Science	
  Focus:	
  Many	
  of	
  the	
  World’s	
  Most	
  	
  
Important	
  Species	
  Are	
  Invisible	
  to	
  Us	
  

Microorganisms	
  
•  Bacteria	
  
•  Protozoa	
  
•  Fungi	
  



Energy	
  Flows	
  Through	
  Ecosystems	
  in	
  
Food	
  Chains	
  and	
  Food	
  Webs	
  

•  Food	
  chain	
  
– Movement	
  of	
  energy	
  and	
  nutrients	
  from	
  one	
  
trophic	
  level	
  to	
  the	
  next	
  

– Photosynthesis	
  →	
  feeding	
  →	
  decomposi)on	
  

•  Food	
  web	
  
– Network	
  of	
  interconnected	
  food	
  chains	
  

	
  



A	
  Food	
  Chain	
  

	
  
	
  
	
  
	
  	
  	
  



A	
  Food	
  Web	
  



Usable	
  Energy	
  Decreases	
  with	
  Each	
  
Link	
  in	
  a	
  Food	
  Chain	
  or	
  Web	
  

•  Biomass	
  
– Dry	
  weight	
  of	
  all	
  organic	
  ma.er	
  of	
  a	
  given	
  trophic	
  
level	
  in	
  a	
  food	
  chain	
  or	
  food	
  web	
  

– Decreases	
  at	
  each	
  higher	
  trophic	
  level	
  due	
  to	
  heat	
  
loss	
  

•  Pyramid	
  of	
  energy	
  flow	
  
– 90%	
  of	
  energy	
  lost	
  with	
  each	
  transfer	
  
– Less	
  chemical	
  energy	
  for	
  higher	
  trophic	
  levels	
  

	
  



Pyramid	
  of	
  Energy	
  Flow	
  

	
  
	
  
	
  
	
  	
  	
  





Some	
  Ecosystems	
  Produce	
  Plant	
  
Ma.er	
  Faster	
  Than	
  Others	
  Do	
  

•  Gross	
  primary	
  produc4vity	
  (GPP)	
  
– Rate	
  at	
  which	
  an	
  ecosystem’s	
  producers	
  convert	
  
solar	
  energy	
  to	
  chemical	
  energy	
  and	
  biomass	
  

– Kcal/m2/year	
  
•  Net	
  primary	
  produc4vity	
  (NPP)	
  

– Rate	
  at	
  which	
  an	
  ecosystem’s	
  producers	
  convert	
  
solar	
  energy	
  to	
  chemical	
  energy,	
  minus	
  the	
  rate	
  at	
  
which	
  producers	
  use	
  energy	
  for	
  aerobic	
  
respira)on	
  

– Ecosystems	
  and	
  life	
  zones	
  differ	
  in	
  their	
  NPP	
  

	
  





Fig.	
  3-­‐15,	
  p.	
  66	
  

Terrestrial	
  Ecosystems	
  
Swamps	
  and	
  marshes	
  

Tropical	
  rain	
  forest	
  
Temperate	
  forest	
  

Northern	
  coniferous	
  forest	
  (taiga)	
  
Savanna	
  

Agricultural	
  land	
  
Woodland	
  and	
  shrubland	
  

Temperate	
  grassland	
  
Tundra	
  (arc4c	
  and	
  alpine)	
  

Desert	
  scrub	
  
Extreme	
  desert	
  

Aqua4c	
  Ecosystems	
  
Estuaries	
  

Lakes	
  and	
  streams	
  

Con4nental	
  shelf	
  
Open	
  ocean	
  



	
  
	
  
	
  
	
  
	
  	
  	
  

Fig.	
  7-­‐7,	
  p.	
  153	
  

The	
  Earth’s	
  Major	
  Biomes	
  





•  Species	
  diversity	
  

•  Gene)c	
  diversity	
  

•  Ecosystem	
  diversity	
  

•  Func)onal	
  diversity	
  

•  Biodiversity	
  is	
  an	
  important	
  part	
  of	
  natural	
  capital	
  

Natural	
  Capital:	
  Major	
  Components	
  of	
  	
  
the	
  Earth’s	
  Biodiversity	
  



Fig. 4-2, p. 82 

Functional Diversity The biological and 
chemical processes such as energy flow 
and matter recycling needed for the survival 
of species, communities, and ecosystems. 

Ecological Diversity The 
variety of terrestrial and 
aquatic ecosystems 
found  
in an area or on the 
earth. 

Solar 
energy Chemical 

nutrients (carbon 
dioxide, oxygen, 
nitrogen, 
minerals) 

Heat 

Heat Heat 

Decomposers 
(bacteria, fungi) 

Producers 
(plants) 

Consumers 
(plant eaters, 
meat eaters) Heat Heat 

Genetic Diversity The 
variety  
of genetic material within 
a  
species or a population.  

Species Diversity The number 
and abundance of species 
present in different communities. 



Species	
  Diversity:	
  Variety,	
  Abundance	
  of	
  
Species	
  in	
  a	
  Par)cular	
  Place	
  (1)	
  

•  Species	
  diversity	
  

•  Species	
  richness:	
  	
  
– The	
  number	
  of	
  different	
  species	
  in	
  a	
  given	
  area	
  

•  Species	
  evenness:	
  	
  
– Compara)ve	
  number	
  of	
  individuals	
  



Species	
  Diversity:	
  Variety,	
  Abundance	
  of	
  
Species	
  in	
  a	
  Par)cular	
  Place	
  (2)	
  

•  Diversity	
  varies	
  with	
  geographical	
  loca)on	
  

•  The	
  most	
  species-­‐rich	
  communi)es	
  
– Tropical	
  rain	
  forests	
  
– Coral	
  reefs	
  
– Ocean	
  bo.om	
  zone	
  
– Large	
  tropical	
  lakes	
  



Varia)ons	
  in	
  Species	
  Richness	
  and	
  Species	
  Evenness	
  

	
  
	
  
	
  
	
  
	
  
	
   	
   	
  	
  

	
  

Fig. 4-12, p. 93 











Darwin's	
  Theory	
  of	
  Evolu)on	
  by	
  Natural	
  Selec)on	
  
	
  
1.  More	
  individuals	
  are	
  produced	
  each	
  genera)on	
  that	
  can	
  survive.	
  
2.  Phenotypic	
  varia)on	
  exists	
  among	
  individuals	
  and	
  the	
  varia)on	
  is	
  

heritable.	
  
3.  Those	
  individuals	
  with	
  heritable	
  traits	
  be.er	
  suited	
  to	
  the	
  environment	
  

will	
  survive.	
  
4.  When	
  reproduc)ve	
  isola)on	
  occurs	
  new	
  species	
  will	
  form.	
  
	
  
These	
  are	
  the	
  basic	
  tenets	
  of	
  evolu)on	
  by	
  natural	
  selec)on	
  as	
  defined	
  by	
  
Darwin.	
  	
  
	
  
The	
  following	
  is	
  a	
  quote	
  from	
  Darwin.	
  
"Varia)on	
  is	
  a	
  feature	
  of	
  natural	
  popula)ons	
  and	
  every	
  popula)on	
  produces	
  
more	
  progeny	
  than	
  its	
  environment	
  can	
  manage.	
  The	
  consequences	
  of	
  this	
  
overproduc)on	
  is	
  that	
  those	
  individuals	
  with	
  the	
  best	
  gene)c	
  fitness	
  for	
  the	
  
environment	
  will	
  produce	
  offspring	
  that	
  can	
  more	
  successfully	
  compete	
  in	
  
that	
  environment.	
  Thus	
  the	
  subsequent	
  genera)on	
  will	
  have	
  a	
  higher	
  
representa)on	
  of	
  these	
  offspring	
  and	
  the	
  popula)on	
  will	
  have	
  evolved."	
  



What	
  about	
  fitness?	
  
	
  
Biologists	
  use	
  the	
  word	
  fitness	
  to	
  describe	
  how	
  good	
  a	
  par)cular	
  
genotype	
  is	
  at	
  leaving	
  offspring	
  in	
  the	
  next	
  genera)on	
  rela)ve	
  to	
  how	
  
good	
  other	
  genotypes	
  are	
  at	
  it.	
  So	
  if	
  brown	
  beetles	
  consistently	
  leave	
  
more	
  offspring	
  than	
  green	
  beetles	
  because	
  of	
  their	
  color,	
  you'd	
  say	
  that	
  
the	
  brown	
  beetles	
  had	
  a	
  higher	
  fitness.	
  
	
  
	
  
	
  
	
  
	
  
The	
  brown	
  beetles	
  have	
  a	
  greater	
  fitness	
  rela)ve	
  to	
  the	
  green	
  beetles.	
  



Biological	
  Evolu)on	
  by	
  Natural	
  Selec)on	
  
Explains	
  How	
  Life	
  Changes	
  over	
  Time	
  (2)	
  
•  Biological	
  evolu4on:	
  how	
  earth’s	
  life	
  changes	
  over	
  )me	
  

through	
  changes	
  in	
  the	
  gene)c	
  characteris)cs	
  of	
  popula)ons	
  
–  Darwin:	
  Origin	
  of	
  Species	
  

•  Natural	
  selec4on:	
  individuals	
  with	
  certain	
  traits	
  are	
  more	
  
likely	
  to	
  survive	
  and	
  reproduce	
  under	
  a	
  certain	
  set	
  of	
  
environmental	
  condi)ons	
  
	
  

•  Huge	
  body	
  of	
  evidence	
  
	
  



Evolu)on	
  by	
  Natural	
  Selec)on	
  Works	
  
through	
  Muta)ons	
  and	
  Adapta)ons	
  (1)	
  

•  Popula)ons	
  evolve	
  by	
  becoming	
  gene)cally	
  
different	
  

	
  
•  Gene)c	
  varia)ons	
  

– First	
  step	
  in	
  biological	
  evolu)on	
  
– Occurs	
  through	
  muta)ons	
  in	
  reproduc)ve	
  cells	
  
– Muta4ons:	
  random	
  changes	
  in	
  DNA	
  molecules	
  



Evolu)on	
  by	
  Natural	
  Selec)on	
  Works	
  
through	
  Muta)ons	
  and	
  Adapta)ons	
  (2)	
  

•  Natural	
  selec4on:	
  acts	
  on	
  individuals	
  
– Second	
  step	
  in	
  biological	
  evolu)on	
  

– Adapta4on	
  may	
  lead	
  to	
  differen4al	
  reproduc4on	
  

– Gene)c	
  resistance:	
  ability	
  of	
  one	
  or	
  more	
  
members	
  of	
  a	
  popula)on	
  to	
  resist	
  a	
  chemical	
  
designed	
  to	
  kill	
  it	
  

	
  





Gene4c	
  dri[	
  
	
  
Gene)c	
  driB	
  —	
  along	
  with	
  natural	
  selec)on,	
  muta)on,	
  and	
  migra)on	
  —	
  is	
  one	
  of	
  the	
  basic	
  
mechanisms	
  of	
  evolu)on.	
  
	
  
In	
  each	
  genera)on,	
  some	
  individuals	
  may,	
  just	
  by	
  chance,	
  leave	
  behind	
  a	
  few	
  more	
  
descendents	
  (and	
  genes,	
  of	
  course!)	
  than	
  other	
  individuals.	
  The	
  genes	
  of	
  the	
  next	
  
genera)on	
  will	
  be	
  the	
  genes	
  of	
  the	
  "lucky"	
  individuals,	
  not	
  necessarily	
  the	
  healthier	
  or	
  
"be.er"	
  individuals.	
  That,	
  in	
  a	
  nutshell,	
  is	
  gene)c	
  driB.	
  It	
  happens	
  to	
  ALL	
  popula)ons	
  —	
  
there's	
  no	
  avoiding	
  the	
  vagaries	
  of	
  chance.	
  
	
  
Earlier	
  we	
  used	
  this	
  hypothe)cal	
  cartoon.	
  Gene)c	
  driB	
  affects	
  the	
  gene)c	
  makeup	
  of	
  the	
  
popula)on	
  but,	
  unlike	
  natural	
  selec)on,	
  through	
  an	
  en)rely	
  random	
  process.	
  So	
  although	
  
gene)c	
  driB	
  is	
  a	
  mechanism	
  of	
  evolu)on,	
  it	
  doesn't	
  work	
  to	
  produce	
  adapta)ons.	
  
	
  



Bo\lenecks	
  and	
  founder	
  effects	
  
	
  
Gene)c	
  driB	
  can	
  cause	
  big	
  losses	
  of	
  gene)c	
  varia)on	
  for	
  small	
  popula)ons.	
  
	
  
Popula)on	
  bo.lenecks	
  occur	
  when	
  a	
  popula)on's	
  size	
  is	
  reduced	
  for	
  at	
  least	
  one	
  genera)on.	
  
Because	
  gene)c	
  driB	
  acts	
  more	
  quickly	
  to	
  reduce	
  gene)c	
  varia)on	
  in	
  small	
  popula)ons,	
  
undergoing	
  a	
  bo.leneck	
  can	
  reduce	
  a	
  popula)on's	
  gene)c	
  varia)on	
  by	
  a	
  lot,	
  even	
  if	
  the	
  
bo.leneck	
  doesn't	
  last	
  for	
  very	
  many	
  genera)ons.	
  This	
  is	
  illustrated	
  by	
  the	
  bags	
  of	
  marbles	
  
shown	
  below,	
  where,	
  in	
  genera)on	
  2,	
  an	
  unusually	
  small	
  draw	
  creates	
  a	
  bo.leneck.	
  
	
  
Reduced	
  gene)c	
  varia)on	
  means	
  that	
  the	
  popula)on	
  may	
  not	
  be	
  able	
  to	
  adapt	
  to	
  new	
  selec)on	
  
pressures,	
  such	
  as	
  clima)c	
  change	
  or	
  a	
  shiB	
  in	
  available	
  resources,	
  because	
  the	
  gene)c	
  varia)on	
  
that	
  selec)on	
  would	
  act	
  on	
  may	
  have	
  already	
  driBed	
  out	
  of	
  the	
  popula)on.	
  
	
  
Elephant	
  seal-­‐	
  An	
  example	
  of	
  a	
  bo.leneck	
  
Northern	
  elephant	
  seals	
  have	
  reduced	
  gene)c	
  varia)on	
  probably	
  because	
  of	
  a	
  popula)on	
  
bo.leneck	
  humans	
  inflicted	
  on	
  them	
  in	
  the	
  1890s.	
  Hun)ng	
  reduced	
  their	
  popula)on	
  size	
  to	
  as	
  
few	
  as	
  20	
  individuals	
  at	
  the	
  end	
  of	
  the	
  19th	
  century.	
  Their	
  popula)on	
  has	
  since	
  rebounded	
  to	
  
over	
  30,000	
  —	
  but	
  their	
  genes	
  s)ll	
  carry	
  the	
  marks	
  of	
  this	
  bo.leneck:	
  they	
  have	
  much	
  less	
  
gene)c	
  varia)on	
  than	
  a	
  popula)on	
  of	
  southern	
  elephant	
  seals	
  that	
  was	
  not	
  so	
  intensely	
  hunted.	
  



	
  
Founder	
  effects	
  
A	
  founder	
  effect	
  occurs	
  when	
  a	
  new	
  colony	
  is	
  started	
  by	
  a	
  few	
  members	
  of	
  the	
  original	
  
popula)on.	
  This	
  small	
  popula)on	
  size	
  means	
  that	
  the	
  colony	
  may	
  have:	
  
	
  
reduced	
  gene)c	
  varia)on	
  from	
  the	
  original	
  popula)on.	
  
a	
  non-­‐random	
  sample	
  of	
  the	
  genes	
  in	
  the	
  original	
  popula)on.	
  
For	
  example,	
  the	
  Afrikaner	
  popula)on	
  of	
  Dutch	
  se.lers	
  in	
  South	
  Africa	
  is	
  descended	
  mainly	
  from	
  
a	
  few	
  colonists.	
  Today,	
  the	
  Afrikaner	
  popula)on	
  has	
  an	
  unusually	
  high	
  frequency	
  of	
  the	
  gene	
  
that	
  causes	
  Hun)ngton's	
  disease,	
  because	
  those	
  original	
  Dutch	
  colonists	
  just	
  happened	
  to	
  carry	
  
that	
  gene	
  with	
  unusually	
  high	
  frequency.	
  This	
  effect	
  is	
  easy	
  to	
  recognize	
  in	
  gene)c	
  diseases,	
  but	
  
of	
  course,	
  the	
  frequencies	
  of	
  all	
  sorts	
  of	
  genes	
  are	
  affected	
  by	
  founder	
  events.	
  





Communi)es	
  and	
  Ecosystems	
  Change	
  
over	
  Time:	
  Ecological	
  Succession	
  

•  Natural	
  ecological	
  restora4on	
  
– Primary	
  succession	
  
– Secondary	
  succession	
  



Some	
  Ecosystems	
  Start	
  from	
  Scratch:	
  
Primary	
  Succession	
  

•  No	
  soil	
  in	
  a	
  terrestrial	
  system	
  

•  No	
  bo.om	
  sediment	
  in	
  an	
  aqua)c	
  system	
  

•  Takes	
  hundreds	
  to	
  thousands	
  of	
  years	
  

•  Need	
  to	
  build	
  up	
  soils/sediments	
  to	
  provide	
  
necessary	
  nutrients	
  



Primary	
  Ecological	
  Succession	
  



Some	
  Ecosystems	
  Do	
  Not	
  Have	
  to	
  Start	
  from	
  
Scratch:	
  Secondary	
  Succession	
  (1)	
  

•  Some	
  soil	
  remains	
  in	
  a	
  terrestrial	
  system	
  

•  Some	
  bo.om	
  sediment	
  remains	
  in	
  an	
  aqua)c	
  
system	
  

•  Ecosystem	
  has	
  been	
  
– Disturbed	
  
– Removed	
  
– Destroyed	
  

	
  



Secondary	
  Succession-­‐	
  Natural	
  Ecological	
  Restora)on	
  of	
  Disturbed	
  Land	
  



Secondary	
  Ecological	
  Succession	
  in	
  Yellowstone	
  Following	
  the	
  
1998	
  Fire	
  



Some	
  Ecosystems	
  Do	
  Not	
  Have	
  to	
  Start	
  from	
  
Scratch:	
  Secondary	
  Succession	
  (2)	
  

•  Primary	
  and	
  secondary	
  succession	
  
–  Tend	
  to	
  increase	
  biodiversity	
  
–  Increase	
  species	
  richness	
  and	
  interac)ons	
  among	
  species	
  

•  Primary	
  and	
  secondary	
  succession	
  can	
  be	
  interrupted	
  by	
  
–  Fires	
  
–  Hurricanes	
  
–  Clear-­‐cusng	
  of	
  forests	
  
–  Plowing	
  of	
  grasslands	
  
–  Invasion	
  by	
  nonna)ve	
  species	
  

	
  	
  	
  



Science	
  Focus:	
  How	
  Do	
  Species	
  Replace	
  One	
  
Another	
  in	
  Ecological	
  Succession?	
  

•  Facilita)on	
  
	
  
•  Inhibi)on	
  
	
  
•  Tolerance	
  



Living	
  Systems	
  Are	
  Sustained	
  through	
  
Constant	
  Change	
  

•  Iner4a,	
  persistence	
  
– Ability	
  of	
  a	
  living	
  system	
  to	
  survive	
  moderate	
  
disturbances	
  	
  
	
  

•  Resilience	
  	
  
– Ability	
  of	
  a	
  living	
  system	
  to	
  be	
  restored	
  through	
  
secondary	
  succession	
  aBer	
  a	
  moderate	
  disturbance	
  	
  
	
  

•  Some	
  systems	
  have	
  one	
  property,	
  but	
  not	
  the	
  
other:	
  tropical	
  rainforests	
  



Fig.	
  3-­‐16,	
  p.	
  67	
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Fig.	
  3-­‐19,	
  p.	
  70	
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Fig.	
  3-­‐20,	
  p.	
  71	
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Fig.	
  3-­‐21,	
  p.	
  73	
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Fig.	
  3-­‐22,	
  p.	
  74	
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