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BIODIVERSITY	
  PARADOXES	
  
IN	
  LAGOONS	
  

How	
  do	
  we	
  need	
  to	
  look	
  at	
  the	
  
Remane	
  diagram?	
  

➡ 	
  Cu_ng	
  secSons	
  at	
  salinity	
  
thresholds?	
  

➡ 	
  Cu_ng	
  secSons	
  across	
  the	
  
salinity	
  gradient?	
  and	
  where?	
  	
  

➡ 	
  Adding	
  a	
  Sme	
  scale?	
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  LAGOONS	
  
How	
  do	
  we	
  need	
  to	
  look	
  
at	
  the	
  Remane	
  diagram?	
  

➡ 	
  Is	
  	
  mono-­‐dimensional	
  
variability	
  limiSng	
  
biodiversity;	
  

➡ 	
  Is	
  mono-­‐dimensional	
  
variability	
  enhancing	
  
biodiversity?	
  

➡ 	
  Are	
  	
  physical	
  stresses	
  
limiSng	
  biodiversity?	
  or	
  
just	
  selecSng	
  species?	
  
or	
  species	
  traits?	
  or….	
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How	
  do	
  we	
  need	
  to	
  look	
  at	
  
the	
  Remane	
  diagram?	
  

➡ 	
  Most	
  of	
  what	
  we	
  do	
  in	
  
the	
  watershed	
  affect	
  
components	
  of	
  the	
  
Remane	
  diagram;	
  or…	
  

➡ 	
  The	
  posiSon	
  of	
  the	
  
Remane	
  diagram	
  along	
  its	
  
verScal	
  axis	
  



DRIVERS	
  OF	
  BIODIVERSITY	
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  LAGOONS	
  

THE	
  ECOTONE	
  APPROACH	
  
TWs	
  are	
  mulS-­‐dimensionale	
  ecotones	
  with	
  
disSnct	
  peculiariSes,	
  in	
  terms	
  of:	
  	
  
•  surface	
  area,	
  which	
  can	
  be	
  much	
  larger	
  	
  

than	
  in	
  structural	
  terrestrial	
  ecotones;	
  	
  
•  subsidies	
  of	
  energy,	
  both	
  hydraulic	
  and	
  

food	
  energy,	
  driving	
  ecosystem	
  
processes;	
  	
  

•  boundaries,	
  being	
  variable	
  through	
  Sme;	
  	
  	
  
•  gradients	
  of	
  environmental	
  condiSons	
  or	
  	
  

niche	
  dimensions,	
  posing	
  high	
  physical	
  
pressures	
  to	
  potenSal	
  colonisers;	
  and	
  	
  

•  species	
  turnover,	
  	
  which	
  is	
  faster	
  that	
  in	
  
structural	
  terrestrial	
  ecotones.	
  	
  



Transi:onal	
  Waters	
  as	
  
Ecotone	
  Ecosystems:	
  
	
  
ü 	
  1°	
  order	
  -­‐Freshwater-­‐
marine	
  ecotone;	
  or	
  
ü 	
  2°	
  order	
  -­‐	
  Freshwater	
  –	
  
lagoon	
  -­‐	
  marine	
  ecotones	
  
ü 	
  2°	
  order	
  -­‐	
  Land-­‐water	
  
ecotone	
  
ü 	
  2°	
  order	
  -­‐	
  Sediment	
  –	
  
water	
  ecotone	
  

DRIVERS	
  OF	
  BIODIVERSITY	
  
IN	
  LAGOONS	
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Ecotone	
  mediated	
  Drivers	
  of	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Ecosystem	
  properSes	
  	
  
and	
  Biodiversity	
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  PLANE	
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  resource	
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  colonisaSon	
  /	
  
DeterminisSc	
  selecSon	
  

	
  

	
  



PATTERNS	
  OF	
  BIODIVERSITY	
  
IN	
  LAGOONS	
  

Environmental	
  Grinnelian	
  niche	
  

	
  S
pe

ci
es
	
  re

cr
ui
tm

en
t/
di
sp
er
sa
l	
  

ENERGY	
  	
  
APPORTIONMENT	
  

PLANE	
  	
  

	
  NULL/NEUTRAL	
  
PLANE	
  	
  

NULL/NEUTRAL	
  PLANE	
  
High	
  species	
  diversity,	
  
Grinnelian	
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ENERGY	
  APPORTIONMENT	
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High	
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  within	
  type	
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  diversity	
  	
  	
  
High	
  taxonomic	
  redundancy	
  
Low	
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➡ 	
  Species	
  distribuSon	
  
➡ 	
  Taxonomic	
  composiSon	
  

➡ 	
  Taxonomic	
  richness	
  

➡ 	
  Species	
  diversity	
  
➡ 	
  Trait	
  distribuSon	
  
➡ 	
  Morpho-­‐FuncSonal	
  diversity	
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SPECIES	
  DISTRIBUTION	
  
Species	
  ranges	
  are	
  very	
  narrow……	
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SPECIES	
  DISTRIBUTION	
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………while	
  species	
  niche	
  breadths	
  are	
  on	
  average	
  wide…	
  



86.64%	
  of	
  the	
  lagoon	
  molluscs	
  
species	
  are	
  likely	
  to	
  have	
  a	
  
marine	
  origin.	
  
73%	
  occur	
  in	
  both	
  lagoon	
  and	
  
marine	
  ecosystems	
  and	
  13.64	
  
have	
  congeners	
  in	
  the	
  marine	
  
ecosystem	
  
Lagoons	
  do	
  not	
  seem	
  to	
  be	
  too	
  
selecSve	
  for	
  marine	
  molluscs:	
  
18.2%	
  of	
  marine	
  species	
  occur	
  
in	
  lagoons	
  
	
  

Marine	
  species	
  	
  
1464	
  

Lagoon	
  species	
  	
  
307	
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  LAGOONS	
  

SPECIES	
  DISTRIBUTION	
  



Molluscs	
  show	
  biogeographic	
  
distribuSon	
  pa5erns:	
  	
  
1. Tyrrenian	
  lagoons	
  have	
  a	
  dis-­‐
proporSonately	
  high	
  number	
  of	
  
mollusc	
  taxa	
  when	
  compared	
  to	
  
lagoon	
  surface;	
  
2. Tyrrenian	
  lagoons	
  seems	
  more	
  
subjected	
  to	
  marine	
  dispersal	
  
(almost	
  100%	
  of	
  mollusc	
  species	
  
from	
  the	
  neighbouring	
  sea	
  
sector)	
  	
  

PATTERNS	
  OF	
  BIODIVERSITY	
  
IN	
  LAGOONS	
  

SPECIES	
  DISTRIBUTION	
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…while	
  most	
  species	
  are	
  marine,	
  their	
  traits	
  are	
  exposed	
  to	
  direcSonal	
  
selecSon	
  in	
  lagoon	
  ecosystems	
  ….	
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SPECIES	
  COMPOSITION	
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Taxonomic	
  similarity	
  among	
  lagoons	
  is	
  very	
  low	
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SPECIES	
  COMPOSITION	
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SPECIES	
  COMPOSITION	
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SPECIES	
  COMPOSITION	
  
but	
  it	
  is	
  higher	
  than	
  expected	
  according	
  to	
  null	
  modeling…	
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IMPLICATIONS	
  -­‐	
  NOTE1	
  	
  

From	
  the	
  species	
  distribu:on/composi:on	
  

1.  There	
  is	
  a	
  strong	
  stochasSc	
  component	
  affecSng	
  both	
  
species	
  distribuSon	
  and	
  species	
  composiSon	
  of	
  lagoons;	
  

2.  There	
  is	
  a	
  very	
  high	
  redundancy	
  among	
  species;	
  

3.  Evidences	
  of	
  determinisSc	
  components	
  occur;	
  

4.  Management	
  and	
  conservaSon	
  of	
  biodiversity	
  requires	
  a	
  
large	
  scale	
  generally	
  trans-­‐naSonal	
  approach	
  



SPECIES	
  RICHNESS	
  (SARS)	
  

PATTERNS	
  OF	
  BIODIVERSITY	
  
IN	
  LAGOONS	
  

ü Species	
  area	
  relaSonships	
  are	
  
consistently	
  found	
  in	
  lagoons;	
  

ü SARs	
  slopes	
  are	
  generally	
  
higher	
  for	
  conSnental	
  islands.	
  



SPECIES	
  RICHNESS	
  (SARS)	
  

PATTERNS	
  OF	
  BIODIVERSITY	
  
IN	
  LAGOONS	
  

Guilhaumon	
  et	
  al.,	
  2011	
  ECSS	
  in	
  press	
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SPECIES	
  RICHNESS	
  DETERMINANTS	
  



SPECIES	
  RICHNESS	
  DETERMINANTS	
  

PATTERNS	
  OF	
  BIODIVERSITY	
  
IN	
  LAGOONS	
  

Ruzafa	
  et	
  al.,	
  2007	
  	
  
Hydrobiologia	
  

Determinants	
  of	
  species	
  richness	
  
vary	
  with	
  the	
  lagoon	
  use	
  
strategy	
  of	
  guilds.	
  However:	
  

ü Openness	
  is	
  a	
  major	
  
determinant	
  of	
  SARs;	
  

ü 	
  Salinity	
  is	
  a	
  determinant	
  too,	
  
describing	
  mainly	
  the	
  species	
  
pools;	
  

ü Surface	
  are	
  is	
  a	
  determinant	
  
too,	
  	
  summarising	
  exergy	
  and	
  
vigours	
  components.	
  



In 176 BC, Lucius Murena cut the channel connecting the lagoon to the sea. 

L.(ucius)	
  FABERIUS	
  C	
  -­‐	
  (ai)	
  F	
  -­‐	
  (ilius)	
  POM(pSna[tribu])	
  MURENA	
  
AUGUR	
  IIII	
  (qua5uor)	
  VIR	
  AED(ilis)	
  

AQUA(am)	
  QUAE	
  FLUEBANT	
  EX	
  LACU	
  
CONLEGIT	
  ET	
  SALIENTEM	
  IN	
  LACU(m)	
  REDEGIT	
  
D(e)	
  S(ua)	
  P(ecunia)	
  F(aciundum)	
  C(uravit)	
  	
  

from	
  G.C.	
  Carrada	
  files	
  

PATTERNS	
  OF	
  BIODIVERSITY	
  
IN	
  LAGOONS	
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IMPLICATIONS	
  –	
  NOTE2	
  	
  
From	
  	
  species	
  area	
  rela:onships	
  
1.  There	
  is	
  a	
  strong	
  determinisSc	
  	
  component	
  affecSng	
  

species	
  richness	
  of	
  lagoons;	
  
2.  This	
  component	
  is	
  relaSvely	
  independent	
  of	
  the	
  habitat	
  

sampling	
  strategy	
  and	
  funcSonal	
  traits	
  of	
  species;	
  
3.  SARs	
  are	
  mainly	
  driven	
  by	
  Openness	
  associated	
  

parameters	
  as	
  well	
  as	
  by	
  Exergy	
  and	
  Vigour;	
  
4.  Management	
  and	
  conservaSon	
  of	
  species	
  richness	
  have	
  

a	
  long	
  tradiSon	
  but	
  do	
  not	
  necessarily	
  posiSve	
  impacts	
  
on	
  all	
  guilds.	
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SPECIES	
  TRAITS	
  –	
  BODY	
  SIZE	
  

Basset	
  et	
  al.,	
  2008	
  AquaSc	
  ConservaSon	
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SPECIES	
  TRAITS	
  –	
  BODY	
  SIZE	
  
Macroinvertebrate	
  guild	
  size	
  
spectra	
  show	
  a	
  determinisSc	
  
selecSve	
  component:	
  	
  

Ø Size-­‐richness,	
  size-­‐abundance,	
  
size-­‐energy	
  and	
  size-­‐range	
  
distribuSons	
  are	
  all	
  triangular;	
  
Ø All	
  distribuSons	
  peak	
  at	
  a	
  body	
  
size	
  values	
  close	
  to	
  0.5	
  mg,	
  AFDW;	
  
Ø Sizes	
  between	
  0.1mg	
  and	
  0.5mg	
  
seem	
  to	
  be‘	
  opSmal’	
  
macroinvertebrate’s	
  sizes	
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SPECIES	
  TRAITS	
  –	
  BODY	
  SIZE	
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69%	
  of	
  	
  variaSon	
  	
  
of	
  	
  energy	
  used	
  	
  
by	
  the	
  1°	
  largest	
  
species	
  is	
  explained	
  
by	
  three	
  	
  
factors:	
  
	
  
Ø 	
  Temperature	
  
Ø 	
  Salinity	
  
Ø 	
  Dissolved	
  oxygen	
  
	
  
	
  	
  

SPECIES	
  TRAITS	
  –	
  BODY	
  SIZE	
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IMPLICATIONS	
  –	
  NOTE3	
  	
  
From	
  	
  species	
  morpho-­‐func:onal	
  traits	
  
1.  Macro-­‐invertebrate	
  in	
  lagoons	
  show	
  an	
  ‘opSmal	
  body	
  

size’;	
  
2.  Size-­‐class	
  redundancy	
  is	
  low;	
  
3.  Energy	
  allocaSon	
  among	
  species	
  show	
  also	
  a	
  

determinisSc	
  component	
  with	
  a	
  suggested	
  strong	
  size	
  
dependent	
  hierarchy;	
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The	
  ORGANISATION	
  PLANES	
  
1.  At	
  the	
  taxonomic	
  level,	
  the	
  NULL/

NEUTRAL	
  and	
  the	
  ENERGY	
  
APPORTIONMENT	
  PLANES	
  do	
  not	
  
seem	
  too	
  relevant;	
  	
  

2.  At	
  the	
  funcSonal	
  level,	
  the	
  
ENERGY	
  APPORTIONMENT	
  PLANE	
  
seems	
  to	
  be	
  the	
  most	
  relevant	
  



MECHANISMS	
  MAINTAINING	
  
LAGOON	
  BIODIVERSITY	
  

FINAL	
  REMARKS	
  (2	
  OF	
  4)	
  

The	
  ECOSYSTEM	
  PROPERTIES	
  
2.  Openness,	
  exergy	
  and	
  resilience	
  

are	
  key	
  ecosystem	
  properSes:	
  
1.  Openness	
  ensures	
  

connecSvity	
  and	
  patchiness;	
  
2.  Exergy	
  ensures	
  resource	
  

availability	
  and	
  dynamics;	
  
3.  Resilience	
  (and	
  redundancy)	
  

posiSvely	
  impact	
  lagoon	
  
stability.	
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ECOSYSTEM	
  &	
  COMMUNITY	
  PROPERTIES	
  IN	
  	
  
CHANGING	
  SCENARIOS	
  
3.  Openness,	
  exergy	
  and	
  resilience	
  are	
  

expected	
  to	
  be	
  reduced	
  :	
  
1.  ConnecSvity,	
  patchiness	
  and	
  

resource	
  availability	
  are	
  
negaSvely	
  impacted;	
  

2.  GeneSc,	
  taxonomic,	
  habitat	
  and	
  
funcSonal	
  diversity	
  are	
  impacted;	
  

3.  We	
  are	
  going	
  towards	
  lagoons	
  
with	
  smaller	
  species.	
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The	
  CONSERVATION	
  ISSUE	
  (WHAT	
  CAN	
  
WE	
  DO	
  NOW)	
  	
  

1.  Account	
  for	
  the	
  proper	
  scale(s)	
  
(and	
  mechanisms)	
  of	
  biodiversity	
  
organisaSon	
  in	
  lagoons;	
  

2.  Protect	
  openness,	
  exergy	
  and	
  
resilience;	
  

3.  Protect	
  TW	
  ecotones	
  planning	
  
eco-­‐efficiency	
  of	
  freshwater	
  use	
  


