
Ecosystem	functioning	and	
biodiversity

Rob	Britton
rbritton@bournemouth.ac.uk



Questions
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1.	What	is	biodiversity?



Biodiversity?	Some	definitions
• OED:	“biodiversity Ecol.,	diversity	of	plant	and	animal	life,	
as	represented	by	the	number	of	extant	species”

• Ricklefs&	Miller:	Biodiversity	includes	a	number	of	
different	levels	of	variation	in	the	natural	world:	genetic,	
species,	ecosystem

• Begon et	al. “The	term	may	be	used	to	describe	the	
number	of	species,	the	amount	of	genetic	variation	or	the	
number	of	community	types	present	in	an	area”.

• But…most	studies	do	focus	on	species	diversity



Biodiversity

• Alpha:	within	habitat	diversity	(e.g number	of	species	
in	a	quadrat)

• Beta:	species	diversity	along	transects	&	gradients
– High	Beta	indicates	number	of	species	increases	rapidly	
with	additional	sampling	sites	along	the	gradient

• Gamma:	diversity	of	a	larger	geographical	unit	
(regional	diversity)



Biodiversity	measures

• What	can	we	measure?
• Possibilities
– Species	(richness)
– Abundance
– Diversity
• relationship	between	richness	&	abundance

– Guilds
– Trophic	structures
– Genetic	diversity
–Within	species	diversity	(genetic,	morphological)



Biodiversity

• Two	key	features:	Richness	&	Abundance

• Evenness	is	a	simple	way	to	combine	richness	
and	abundance	

• Are	all	species	likely	to	be	equally	abundant?	If	
not,	why	not?



Biodiversity

• As	evenness	increases,	diversity	tends	to	
increase

• High	evenness	may	be	seen	as	a	sign	of	
ecosystem	health
– A	single	species	is	not	dominating	the	ecosystem
– (Eutrophication	and	enrichment	does	tend	to	lead	
to	dominance	of	a	few	species)



Biodiversity

• Comparing	diversity	between	ecosystems	is	
difficult	
– Some	areas	have	lower	biodiversity	naturally	than	
others
• Taiga	(coniferous	forest	in	high	northern	latitudes)	is	
naturally	much	less	even	than	the	deciduous	forest
• Often	dominated	by	a	single	species	(Pine	or	spruce)

– Seasonality	may	confound	the	comparison	as	well
• Earlier	in	temperate	growing	season,	less	even	than	
later
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Biodiversity?

• But	why	our	focus	on	biodiversity?

• If	we	use	species	richness	as	our	indicator,	
then	species	richness	can	be	important	for	
ecosystem	functioning……..
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2.	What	is	ecosystem	functioning?



Functioning

• Before	we	consider	ecosystem	functioning,	we	
must	first	consider	what	we	mean	by	function	
and	functioning	in	an	ecological	context…..



These	images	show	a	range	of	processes	
that	occur	within	ecosystems

If	a	leaf	from	a	tree	fall	in	the	water,	
what	is	its	fate?



Functional	groups

• Functional	groups	can	be	considered	as	non-
phylogenetic,	aggregated	units	of	species
sharing	an	important	ecological	characteristic	
and	playing	an	equivalent	role in	the	
community

• Role	=	function



Functional	guilds?

• Although	most	researchers	use	the	
terms	‘‘guild’’	 and	‘‘functional	
group’’	 more	or	less	synonymously,	
these	two	concepts	bear	different	
meanings.	

• The	guild	concept	refers	primarily	 to	
the	mechanisms	of	resource	sharing	
by	species	in	a	competitive	context	
whereas	the	functional	groups	
concept	is	concerned	with	how	a	
resource	or	any	other	ecological	
component	 is		processed	by	
different	 species	to	provide	a	
specific	ecosystem	service	or	
function.









Functioning

• So,	some	prefer	to	refer	to	functional	groups	
rather	than	functional	guilds	in	an	ecosystem	
functioning	perspective



Ecosystem	functioning

• The	term	'Ecosystem	function'	defines	the	biological,	
geochemical	and	physical	processes	and	components	
that	take	place	or	occur	within	an	ecosystem.

• It	involves	solar	energy	flow,	mineral	cycling	and	water	
cycling

• The	functional	groups	of	species	associated	with	
ecosystem	functioning	are	thus	those	involved	in	the	
flow	of	energy	through	the	ecosystem	(e.g.	food	webs)	
and	the	cycling	of	minerals	and	water.

• These	then	map	onto		ecosystem	services



Functioning



Diversity	and	functional	groups

• Functional	diversity?
• The	diversity	of	a	functional	group,	usually	
measured	as	species	richness

• Is	it	good	to	have	high	functional	diversity?



Importance	of	individual	species?

• Functional	redundancy?
• Some	species	perform	similar	roles	in	
communities	and	ecosystems,	and	may	
therefore	be	substitutable	with	little	impact	
on	ecosystem	processes

Rosenfeld,	 J.	S.	(2002),	Functional	 redundancy	 in	ecology	and	conservation.	Oikos,	
98: 156–162.	
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Theory

• A	lot	of	research	effort	has	been	expended	on	
exploring	the	relationship	between	
biodiversity	(usually	as	species	richness)	and	
ecosystem	functioning



Dynamic	relationship



Theoretical	perspectives

• Research	on	biodiversity	vs.	ecosystem	
functioning	predicts	the	relationship	might	
potentially	have	a	number	of	different	
‘shapes’…..

Is	species	richness	correlated	with	ecosystem	
function?
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Ecological	theory….
• Null hypothesis: ecosystem function is insensitive to 

species additions or deletions (the trivial case)
• Cannot be true, as it implies function without species!

Ecosystem	
function

Species	richness
low	 high



• Rivet: all species contribute to the integrity of an ecosystem in a small but 
significant way such that a progressive loss of species steadily damages 
ecosystem function. 

Ecosystem	
function

Species	richness
low	 high

Ecological	theory….



Ecological	theory…….
• Redundant: the contribution of additional species is redundant above a 

critical level

Ecosystem	
function

Species	richness
low	 high



Ecological	theory
• Idiosyncratic hypothesis: ecosystem function changes unpredictably 

as species richness changes

Ecosystem	
function

Species	richness
low	 high



Testing	theory
Is	species	richness	positively	

correlated	with	ecosystem	function?

• There	is	(very)	general	agreement	that	as	species	
richness	decreases,	ecosystem	functioning	is	
adversely	impacted

• ‘Recent	work	has	now	clearly	established	that	
biodiversity	does	indeed	affect	ecosystem	
processes.	The	strongest	evidence	to	date	comes	
from	field	experimental	studies	that	have	
manipulated	plant	species	richness	in	temperate	
grasslands’	(Loreau,	2009)



Free	to	download:	
rstb.royalsocietypublishing.org/content/365/1537/49	 	



Long-term	experiment	reported	 in	Loreau (2009):
A	log-linear	increase	in	plant	above-ground	 biomass	production	 with	species	richness	
across	sites



Long-term	experiment	reported	 in	Loreau (2009):
a	positive	response	of	total	plant	biomass	production	 to	species	richness,	which	became	
stronger	through	 time
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(A) Dependence of 
1996 aboveground plant biomass 
(that is, productivity) (mean and 
SE) on the number of plant 
speciesseeded into the 289 plots.

(B) Dependence of 1996 above-
ground plant biomass on the 
number of functional groups 
seeded into each plot. Curves 
shown are simple asymptotic 
functions fitted to treatment
means. More complex curves did 
not provide significantly better
fits

From: Tilman et al. (1997) Science
https://science.sciencemag.org/content/277/5330/1300



What	about	aquatic	systems?

Free	download:
https://www.research
gate.net/profile/Jonat
han_Lefcheck/publicat
ion/268235931_Marin
e_biodiversity_and_ec
osystem_functioning_
What%27s_known_an
d_what%27s_next/lin
ks/546a009a0cf2397f
78300d9a.pdf



Abstract:

‘….results show that, generally, mixtures of species tend 
to enhance levels of ecosystem function relative to the 
average component species in monoculture….’







Final	theory:	
living	with	environmental	change

• We	are	living	through	a	period	of	environmental	
change,	e.g.

- Land	use
- Habitat	fragmentation
- Climate	change
• Ecosystem	resilience	is	important	to	preserve	
functioning…	The	insurance	hypothesis….



Environmental fluctuation
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The insurance hypothesis: More diverse assemblages will have a greater probability of having 
species that are adapted to changed conditions
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The Insurance Hypothesis: more diverse assemblages have a greater probability of 
containing species that are adapted to changed conditions



Summary

• More	species	=	greater	biodiversity	=	higher	
functional	diversity	(=	potential	for	functional	
redundancy)	=	benefits	to	ecosystem	functioning

• Often	shown	empirically	by	increased	production	
(of	plant	biomass)	as	species	richness	increases	

• But	highly	complex	and	general	rules	difficult	to	
formulate
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