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Ecosystems   and   Succession   
Ecosystem    -   all   the   organisms   living   in   a   par�cular   area,   known   as   the    community,    as   well   as   
all   the   nonliving   elements   of   that   par�cular   environment   (e.g.   climate,   nutrients   being   
cycled   etc.).   

Community    -   all   of   the   popula�ons   of   all   the   organisms   living   in   a   par�cular   habitat   at   a   
par�cular   �me.   

Popula�on    -   all   of   the   organisms   of   a   par�cular   species   living   in   a   par�cular   habitat   at   a  
par�cular   �me.   

Habitat    -   the   place   where   an   organism   lives.     

The    distribu�on    and    abundance    of   organisms   in   a    habitat    is   controlled   by   both    bio�c    (living)   
factors   (e.g.   predators,   food   availability,   parasi�sm   or   disease)   and    abio�c    (non-living)   
factors   (such   as   light,   oxygen   or   moisture   levels   and   temperature).   

Each   species   has   a   par�cular   role   in   its   habitat,   called   its   ecological    niche.    This   consists   of   its   
bio�c   and   abio�c   interac�ons   with   the   environment.   Species   distribu�on   and   abundance   
within   a   habitat   will   depend   on   the   number   and   type   of   ecological   niches   available   within   
that   habitat.     

The   niche   concept    states   that   only   one   organism   can   occupy   each   niche   in   a   given   habitat   at   
a   given   �me   -   if   two   or   more   species   have   a   niche   that   overlaps,   the   best   adapted   will   
out-compete   the   others   in   surviving   to   reproduce.     

Succession    is   the   change   in   species   inhabi�ng   an   area   over   �me.   It   is   brought   about   by   
changes   to   the   environment   made   by   the   organisms   colonising   it   themselves.   

  
Primary   succession    occurs   when   an   area   previously   devoid   of   life   is   first   colonised   by   
communi�es   of   organisms;   for   instance,   a�er   the   erup�on   of   a   volcano     -   soil   must   first   be   
established   before   more   complex   organisms   can   grow.     
Secondary   succession    occurs   with   exis�ng   soil   that   is   clear   of   vegeta�on.   This   may   occur   
a�er   an   event   such   as   a   forest   fire.     

  
The   area   is   first   colonised   
by   the    pioneer   species,   
such   as   lichens,   which   are   
adapted   to   survive   in   
harsh   condi�ons   (where   
other   species   would   not   
survive).   For   example:   
these   species   can   
penetrate   rock   surface   and   
break   it   down   into   grains.   
Similarly   their   roots   can   
hold   together   sands   with   a   
loose;   shi�ing   structure.     

Figure:   Yellowstone   Na�onal   Park   
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As   organisms   die,   they   are   decomposed   by   microorganisms,   thus   adding    humus    (the   organic   
component   of   soil).     This     leads   to   the   forma�on   of   soil,     which   makes   the   environment   more   
suitable   for   more   complex   organisms.     

  
As   more   organisms   are   decomposed   over   �me,   the   soil   becomes   richer   in   minerals,   thus   
enabling   larger,   more   varied   and   more   produc�ve    plants   such   as   shrubs   to   survive.   
Eventually,   a    climax   community    is   established   -   this   is   the   most   produc�ve,   self-sustaining   
and   stable     community   of   organisms   that   the   environment   can   support,   usually   with   only   one   
or   two   species.   
    

Photosynthesis   
  

There   are   two   stages   of   photosynthesis:   
  
● Light-dependent   reac�on     -   electrons   are    excited    to   a   higher   energy   level   using   the   

energy   trapped   by    chlorophyll    molecules   in   the    thylakoid   membranes .   The   
chlorophyll   is   found   in   complexes   called   photosystems.   PSI   absorbs   light   energy   of   
700nm   wavelength,   while   PSII   of   680nm   wavelength.   

Electrons   are   then   passed   down   the    electron   transport   chain     from   one   electron   
carrier   to   the   next   and   this   process   generates    ATP    from    ADP    and    inorganic   
phosphate    in   a   process   called    photophosphoryla�on .    Phosphoryla�on   can   be   cyclic   
or   non-cyclic.   The   final   electron   acceptor   is   NADP.   When   it   accepts   an   electron   it   
forms     reduced   NADP.    Both   ATP   and   reduced   NADP   from   the   light-dependent   
reac�ons   are   used   in   the   light-independent   stages   of   photosynthesis.     

Cyclic   Phosphoryla�on :   
  

1. Photon   hits   chlorophyll   in    photosystem   I   (PSI) .   
2. Electrons   are   excited.   
3. Electrons   taken   up   by   an   electron   acceptor.   
4. Electrons   passed   along   an   electron   transport   chain.   Energy   is   released,   ATP   is   

synthesised.   
5. Returns   to   chlorophyll   in   PSI.   

  
Non-Cyclic   Phosphoryla�on :   

  
1. Photon   hits   chlorophyll   in    photosystem   II   (PSII) .     
2. Electrons   are   excited.   
3. Electrons   are   taken   up   by   an   electron   acceptor,   passed   along   an   electron   transport   

chain   to   PSI.   Energy   is   released,   ATP   is   synthesised.     
4. Photolysis :   light   energy   breaks   apart   the   strong   bonds   in   water   molecules   -   forming   

hydrogen   and   hydroxide   ions.   Electrons   released   replace   lost   electrons   in   chlorophyll   of   
PSII.   Hydroxide   ions   react   together   to   form   water   and   oxygen.   

5. Photon   hits   chlorophyll   in   Photosystem   I.   
6. Electrons   are   excited.   
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7. Electrons   are   taken   up   by   an   electron   acceptor,   passed   along   an   electron   transport   
chain   to   NADP.     

8. NADP   takes   up   an   H+   ion   from   dissociated   water   and   forms   reduced   NADP.     
  
  
● Light-independent   reac�on ,     also   known   as   the    Calvin   cycle,     is   the   final   stage   of   

photosynthesis.   It   uses   ATP   (source   of   energy)   and   reduced   NADP   (reducing   power)  
to   produce   glucose.   Light   independent   reac�on   occurs   as   following:   

1. RuBP    (5   carbon   compound)   is   combined   with   carbon   dioxide   in   a   reac�on   called    carbon   
fixa�on,    catalysed   by    RUBISCO.   

2. The   unstable   6   carbon   intermediate   formed   immediately   splits   into   two   molecules   of   
glycerate   3-phosphate   (GP)     

3. Reduced   NADP   and   ATP   are   used   to   reduce   two   GP   molecules    to   GALP.     

4.One   in   six   GALP   molecules   are   used   to   make    glucose,    which   is   then   converted   to   essen�al   
organic   compounds   such   as    polysaccharides,   lipids,   amino   acids   and   nucleic   acids .   

5. The   remaining   five   in   six   TP   molecules   are   used   to    reform   RuBP    with   the   help   of   ATP.     

  

Chloroplasts    are   the   site   of   photosynthesis:   
● They   contain   stacks   of     thylakoid   

membranes,   called    grana,     which   contain   the   
photosynthe�c   pigments,   such   as   
chlorophyll,    arranged   as    photosystems.    This   
is   the   site   of   the   light-dependent   stage   of   
photosynthesis.     

● It   contains    stroma,     which   is   the   fluid   
surrounding   the   grana.   Stroma   contains   all   
the    enzymes    required   for   the   light-   
independent   stage   of   photosynthesis.   

● The   chloroplast   envelope   -   controls   
movement   of   substances   into   &   out   of   the   organelle.   Their   double   membrane   
supports   the   endosymbio�c   theory.     

● Starch   granules   -   store   the   products   of   photosynthesis.     

  

Energy   Transfers   
Net   primary   produc�vity   (NPP)   –    the   rate   at   which   energy   from   the   sun   is   converted   into   
the   organic   molecules   that   make   up   new   plant   biomass.     

Gross   primary   produc�vity   (GPP)   –    the   energy   transferred   to   primary   consumers.   

  Therefore,    NPP   =   GPP   –   R.     
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Some   energy   is   lost   at   each   trophic   level.   This   can   be   due   to:   

• Undigested   ma�er   
• Respira�on    (exothermic,   transfers   thermal   energy   to   the   surroundings)   
• Metabolic    waste   products    like   urea   

  
  

Climate   Change   
Global   warming    is   a   term   used   to   describe   a    gradual   increase   in   the   average   temperature   of   
the   Earth’s   atmosphere   and   surface .   It   is   believed   that   global   warming   will   lead   to   a   
permanent   change   in   the   Earth’s   climate.   The   evidence   for   climate   change   includes:   

● Records   of   carbon   dioxide   levels    –    increasing   levels   of   carbon   dioxide   in   the   
atmosphere   are   believed   to   contribute   towards   climate   change   as   carbon   dioxide   is   a   
greenhouse   gas   and   is   involved   in   the   greenhouse   effect   

● Temperature   records    which   enable   analysis   of   changes   in   temperature   

● Pollen   in   peat   bogs    –   pollen   grains   are   preserved   in   peat   bogs   and   analysis   of   
samples   of   pollen   can   give   us   an   idea   of   what   kind   of   plants   were   present   at   the   �me   
when   the   peat   was   being   formed   

● Dendrochronology    is   the   study   of   tree   rings   as   the   size   of   tree   rings   is   affected   by   
temperature   

The   data   can   be    extrapolated    to   make   predic�ons     which   can   then   be   used   in    models    of   
future   climate   change.   Such   models   have   limita�ons   as   they   do   not   include   factors   including   
human   efforts   for   the   reduc�on   in   emission   of   greenhouse   gases.     
The    Greenhouse   effect    is   the   process   in   which   

- Short-wavelength   UV   radia�on   passes   through   Earth’s   atmosphere   and   is   reflected   
from   Earth’s   surface.     

- The   reflected   rays   are   of   a   longer   wavelength   (infrared   radia�on)   and   are   trapped   by   
gases   such   as   carbon   dioxide   and   methane   thus   leading   to   an   increase   in   the   
temperature   of   the   Earth’s   surface   and   atmosphere.     

  
The   effects   of   climate   change     include   changing   rainfall   pa�erns   and   changes   in   seasonal   
cycles   which   in   turn   would   lead   to:   

  
● Changes   in   distribu�on   of   species    –   species   would   move   to   cooler   areas   i.e.   

northwards.   This   could   poten�ally   lead   to   ex�nc�on   of   some   species   due   to   
compe��on.     

● Changes   to   development    –   sex   of   many   rep�les   is   determined   by   temperature   
therefore   an   increase   in   temperature   would   have   an   effect   on   the   sex   ra�o   of   certain   
species   thus   poten�ally   leading   to   ex�nc�on.     

● Disrupted   life   cycles.   

An   increase   in   temperature   will   also   affect   enzyme   ac�vity.   Ini�ally,   as   temperature  
increases,   the   rate   of   reac�on   also   increases.   The   rate   of   forma�on   of   enzyme-substrate   
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complexes   increases   as   the   kine�c   energy   of   molecules   increases,   thus   leading   to   more   
frequent   collisions.   However,   the   rate   of   reac�on   decreases   above   the   op�mum   
temperature   as   enzymes   become   denatured.     

Knowledge   of   the    carbon   cycle    can   help   humans   make   decisions   to   reduce   the   levels   of   
greenhouse   gases   in   the   atmosphere.   

One   of   the   ways   of   reducing   global   warming     is   the   reduc�on   of   carbon   dioxide   levels   in   the   
atmosphere.   This   can   be   done   through:   

● Growing   plants   to   use   as   a   fuel   as    biofuels    which   are    carbon   neutral    –   carbon   dioxide   
released   by   burning   the   fuel   is   removed   from   the   atmosphere   by   the   plants   it   is   

made   from.   

● Reforesta�on,    to   increase   the   rate   at   which   carbon   dioxide   is   removed   from   the   
atmosphere   by   plants   which   need   it   for   photosynthesis.   

Climate   change   is   an   example   of   an   issue   where   the   scien�fic   consensus   reached   may   
depend   on   who   is   reaching   the   conclusions.   Ideas   are   validated   and   conclusions   are   drawn   
via    scien�fic   conferences    and   publica�on   in    peer-reviewed   scien�fic   journals .     

  

Natural   Selec�on   and   Evolu�on   
Evolu�on    is   change   in   the   heritable   traits   of   biological   popula�ons   over   successive   
genera�ons.   It   occurs   as   a   result   of   change   in   allele   frequency   which   in   turn   is   affected   by   
changing    selec�on   pressures.   

Evolu�on   via   natural   selec�on:   

● A    variety   of   phenotypes     exist     within   a   popula�on   due   to    random   muta�on .     

● An    environmental   change   occurs     and   as   a   result   of   that   the    selec�on   pressure   
changes.   
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● Some   individuals   possess    advantageous   alleles    which   give   them   a    selec�ve   
advantage   and   allow   them   to   survive   and   reproduce.   

● The   advantageous   alleles   are   passed   on   to   their   offspring.   

● Over   �me,   the   frequency   of   alleles   in   a   popula�on   changes.     

If   two   popula�ons   become    reproduc�vely   isolated    and    gene   flow    between   the   popula�ons   
is   reduced   or   stopped,    accumula�on   of   gene�c   differences   in   those   popula�ons   can   lead   to   
new   species   being   formed.   When   the   two   popula�ons   can   no   longer   interbreed   to   produce   
fer�le   offspring,   they   are   said   to   be   a   separate   species.   This   is   specia�on.   

Specia�on   can   be    allopatric    (where   the   isola�on   is   geographic)   or    sympatric    (isola�on   
caused   by   non-geographic   factors   e.g.   temporal,   behavioural,   game�c   etc.).   
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