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•  Detec%ng	
  N	
  deposi%on	
  thresholds	
  causing	
  a	
  
shiU	
  of	
  epiphy;c	
  lichen	
  communi;es	
  in	
  
European	
  forests,	
  in	
  rela%on	
  to	
  forest	
  type,	
  
precipita%ons.	
  

•  Iden%fying	
  lichen	
  func%onal	
  groups	
  responding	
  
to	
  pollu;on-­‐related	
  stresses	
  (e.g.	
  N	
  deposi;on).	
  

•  Overview	
  of	
  geographic	
  pa9erns	
  of	
  thresholds	
  
exceedance	
  at	
  the	
  monitored	
  plots.	
  

Aims	
  of	
  the	
  work	
  



•  Poli%cal:	
  improving	
  the	
  knowledge	
  on	
  the	
  
effects	
  of	
  N	
  on	
  lichens	
  for	
  contribu;ng	
  to	
  
CLEs,	
  CLOs,	
  CLs	
  in	
  different	
  forest	
  
ecosystems	
  throughout	
  Europe.	
  

•  Scien%fic:	
  understanding	
  the	
  interac;ons	
  
between	
  lichen	
  diversity,	
  pollutants	
  ,	
  
climate	
  and	
  forest	
  structural	
  parameters.	
  

Aims	
  of	
  the	
  work	
  
Topic	
  relevance	
  



Because	
  of	
  their	
  close	
  dependence	
  on	
  the	
  
atmosphere	
  for	
  their	
  metabolic	
  processes	
  
epiphy;c	
  lichens	
  are	
  among	
  the	
  most	
  sensi;ve	
  
organisms	
  to	
  air	
  pollu;on.	
  

Nevertheless,	
  they	
  are	
  also	
  strongly	
  influenced	
  
by	
  both	
  macro-­‐	
  and	
  microenvironmental	
  
variables,	
  which	
  affect	
  their	
  richness,	
  
abundance,	
  and	
  distribu;on	
  on	
  different	
  
spa;al	
  scales.	
  	
  

Theore;cal	
  framework	
  
Lichen	
  sensi;vity	
  to	
  pollu;on	
  



•  Epiphy%c	
  lichen	
  sampling	
  at	
  83	
  Level	
  II	
  
intensive	
  monitoring	
  plots.	
  

•  Yearly	
  average	
  throughfall	
  deposi%on	
  data	
  
(nitrogen	
  and	
  sulphur	
  compounds)	
  from	
  
intensive	
  forest	
  monitoring.	
  

•  Forest	
  type	
  and	
  precipita%ons	
  data	
  at	
  the	
  
same	
  plots.	
  

Methods	
  
Datasets	
  



Methods	
  
Lichen	
  sampling	
  at	
  Level	
  II	
  plot	
  level	
  

A	
  minimum	
  of	
  12	
  trees	
  
per	
  plot	
  	
  

A	
  monitoring	
  grid	
  (4	
  
independent	
  quadrat	
  
segments	
  of	
  five	
  10	
  x	
  
10	
  cm	
  squares	
  each	
  
abached	
  ver;cally	
  to	
  
the	
  trunk)	
  

The	
  four	
  quadrats	
  
placed	
  to	
  correspond	
  
with	
  the	
  4	
  aspects	
  
(NSEW)	
  of	
  the	
  tree	
  
trunk.	
  



Methods	
  
Selec;on	
  of	
  lichen	
  func;onal	
  groups	
  

•  For	
  each	
  sampled	
  species,	
  ecological	
  indices	
  
from	
  the	
  literature	
  were	
  assigned,	
  based	
  on	
  
Nimis	
  &	
  Martellos	
  (2008)	
  and	
  in	
  Wirth	
  (2005).	
  	
  

•  	
  Species	
  were	
  assigned	
  to	
  three	
  groups	
  in	
  rela;on	
  
to	
  nitrogen	
  tolerance:	
  oligotrophic,	
  mesotrophic,	
  
and	
  nitrophy%c.	
  

•  A	
  further	
  grouping	
  was	
  performed	
  based	
  on	
  
growth	
  form	
  (macro	
  vs.	
  microlichens).	
  



Methods	
  
Selec;on	
  of	
  func;onal	
  groups:	
  	
  oligotrophic	
  macrolichens	
  



Methods	
  
N	
  Cri;cal	
  Loads	
  and	
  threshold	
  for	
  lichen	
  community	
  composi;on	
  



Results	
  
Spearman	
  correla;ons	
  between	
  func;onal	
  groups	
  and	
  N	
  

S p e a r m a n 	
   R a n k 	
   O r d e r 	
   C o r r e l a % o n s 	
  

F u n c % o n a l 	
   g r o u p 	
   To t a l 	
   d r y 	
   N 	
  
M a c r o 	
   	
   m e s o 	
   -­‐ 0 , 2 5 	
  

M a c r o 	
   n i t r o 	
   -­‐ 0 , 2 0 	
  

M a c r o 	
   m e s o + n i t r o 	
   -­‐ 0 , 2 8 	
  

M a c r o 	
   o l i g o 	
   -­‐ 0 , 7 0 	
  

M i c r o 	
   m e s o 	
   0 , 0 3 	
  

M i c r o 	
   n i t r o 	
   -­‐ 0 , 1 8 	
  

M i c r o 	
   m e s o + n i t r o 	
   0 , 0 4 	
  

M i c r o 	
   o l i g o 	
   0 , 1 2 	
  

A l l 	
   S p e c i e s 	
   R i c h n e s s 	
   -­‐ 0 , 3 9 	
  

% m a c r o 	
   	
   m e s o 	
   -­‐ 0 , 2 6 	
  

% m a c r o 	
   	
   n i t r o 	
   -­‐ 0 , 1 8 	
  

% M A C R O 	
   m e s o + n i t r o 	
   -­‐ 0 , 2 7 	
  

% m a c r o 	
   o l i g o 	
   -­‐ 0 , 6 5 	
  

% m i c r o 	
   m e s o 	
   0 , 2 8 	
  

% m i c r o 	
   n i t r o 	
   -­‐ 0 , 1 5 	
  

% m i c r o 	
   m e s o + n i t r o 	
   0 , 2 6 	
  

% m i c r o 	
   o l i g o 	
   0 , 5 5 	
  



A	
  Non	
  Parametric	
  Mul%plica%ve	
  Regression	
  was	
  performed	
  
on	
  the	
  func;onal	
  group	
  %oligotrophic	
  macrolichen	
  species	
  

Total	
  Cross	
  R2=	
  0.49;	
  p<0.01	
  

Order	
  of	
  inclusion	
  of	
  the	
  predictors	
  in	
  the	
  model	
  (cumula;ve	
  
Cross	
  R2):	
  

1.  Forest	
  type	
  (0.21)	
  

2.  Precipita;ons	
  (0.33)	
  
3.  Total	
  N	
  deposi;ons	
  (0.48)	
  

4.  Sulphate	
  deposi;ons	
  (0.49)	
  

Results	
  
NPMR	
  model	
  



Results	
  
Total	
  throughfall	
  N	
  deposi;ons	
  on	
  %	
  oligotrophic	
  macrolichens	
  

A	
  throughfall	
  
nitrogen	
  
deposi;on	
  	
  
≈	
  3.8	
  kg/	
  ha	
  yr	
  
was	
  related	
  to	
  
the	
  threshold	
  of	
  
40%	
  oligotrophs.	
  



Results	
  
The	
  interac;on	
  with	
  precipita;ons	
  

3.5	
  kg/ha	
  yr	
  
N	
  deposi;ons	
  were	
  
associated	
  to	
  the	
  40%	
  
oligo	
  threshold	
  in	
  
plots	
  with	
  low	
  
precipita;ons	
  

>9	
  kg/ha	
  yr	
  
	
  lead	
  to	
  a	
  complete	
  
disappearance	
  of	
  
oligotrophic	
  species	
  

A	
  modeled	
  percentage	
  
of	
  20%	
  oligotrophic	
  
species	
  is	
  expected	
  in	
  
plots	
  with	
  higher	
  
annual	
  precipita%on.	
  



Results	
  
Differences	
  depending	
  on	
  the	
  forest	
  type	
  

5	
  kg/ha	
  yr	
  	
  
N	
  deposi;ons	
  
were	
  associated	
  
to	
  the	
  40%	
  oligo	
  
threshold	
  in	
  
Conifer	
  forests	
  

The	
  correla;on	
  
is	
  not	
  
sta;s;cally	
  
significant	
  for	
  
broadleaves	
  



Results	
  
Microlichens	
  and	
  total	
  nitrogen	
  in	
  broadleaves	
  forests	
  

The	
  absolute	
  
number	
  of	
  oligo	
  
microlichens	
  
showed	
  nega;ve	
  
trends	
  in	
  
broadleaves	
  
plots	
  with	
  both	
  
high	
  and	
  low	
  
precipita;ons	
  



Results	
  
Geographic	
  	
  pabern	
  in	
  European	
  forests	
  



•  In	
  European	
  forests	
  epiphy;c	
  lichens	
  are	
  sensi%ve	
  to	
  
interac%ve	
  effects	
  between	
  precipita%ons,	
  forest	
  type	
  
and	
  pollu%on.	
  

•  The	
  number	
  of	
  species	
  and	
  percentage	
  of	
  oligotrophic	
  
species	
  of	
  epiphy%c	
  lichens	
  is	
  affected	
  by	
  throughfall	
  
nitrogen	
  deposi%on	
  in	
  a	
  considerable	
  number	
  of	
  Level	
  
II	
  plots.	
  	
  

•  Cri;cal	
  throughfall	
  nitrogen	
  deposi%on,	
  based	
  on	
  
lichen	
  diversity	
  can	
  be	
  set	
  for	
  different	
  forest	
  type	
  and	
  
precipita;on	
  regimes	
  (ranging	
  from	
  3.5	
  to	
  5	
  kg	
  N/ha	
  yr).	
  

Conclusions	
  1/2	
  
Main	
  scien;fic	
  output	
  



•  About	
  half	
  of	
  the	
  plots,	
  mainly	
  located	
  in	
  
Germany	
  and	
  other	
  Central	
  European	
  
Countries,	
  showed	
  a	
  low	
  occurrence	
  of	
  
oligotrophs,	
  in	
  rela%on	
  with	
  high	
  
throughfall	
  N	
  deposi%ons.	
  

•  Thanks	
  to	
  their	
  high	
  sensi;veness	
  to	
  
pollu;on,	
  epiphy;c	
  lichens	
  may	
  provide	
  
more	
  conserva%ve	
  a9en%on	
  levels	
  (e.g.	
  
CLEs	
  and	
  CLs)	
  for	
  the	
  en%re	
  forest	
  
ecosystems.	
  

Conclusions	
  2/2	
  
Poli;cally	
  relevant	
  issue	
  


