(FRORJLFDO ,QGLFDWRUYV

| & " ECOLOGICAL
: INDICATORS

, +
IL.SEVIER journal homepage: www.elsevier.com/locate/ecolind
s
| : : # $
% & ' $ )
n !
! !
" # $% ! lo& $% %'
$% ! L& !
()***
* + 1 , + - & * !
+ & - % .
0 %
! 0 /1
$ 0 (
/2
( 3456 (
0 68 58 59 / 0
0
( /2 : ;
/ 0
/
0 0
/ 0
$ < => ?
%
$ & I -
0 I+
0
/
0 +< ,& 6875 + & <+ %
) & = ;
, ( ; ' ! ox ? / 687A %
: : & < /I 8BF9 % B . < 0 = %
% <. ; = % .. <
0 yo=12
( < / 6876> & =/ 687%
) ! BS$*,l 1 $ 18+ ¥ $ /
% -/ ( C /<'1$ ( =/
BDD / D78/7874D./ /6867/7835E9
* 74 $ 6867> * 79 6867> 69 6867
$YDLODEOH RQOLQH -XO\
H 7KH $XWKRUV 3XEOLVKHG E\ (OVHYLHU /WG 7KLV LV DQ RSHQ DFFHVV DUWLFO

KWWS FUHDWLYHFRPPRQV RUJ OLFHQVHV E\ QF QG


mailto:nicolas.mouquet@cnrs.fr
www.sciencedirect.com/science/journal/1470160X
https://www.elsevier.com/locate/ecolind
https://doi.org/10.1016/j.ecolind.2021.107935
https://doi.org/10.1016/j.ecolind.2021.107935
https://doi.org/10.1016/j.ecolind.2021.107935
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecolind.2021.107935&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

(FRORJLFDO ,QGLFDWRUYV

<!, &= ; ( < /| 687A
& < | 687%H87A 0
& /| 6873 ( 0 /I $ :
& < 0 ( ( L& 6883> ?=6878
6885> " /| 6876> $ /| 687F> /| 687A ? ! &
687A > /| 685K8 0
1, & 0 /
<@ ? | H87A ; 0 ? <
0 I < /| 6884> ! 6885> # = /: 6879 <
/| 6&74 0 0 . % =
v < : 0
0 G & > 6883> $ @ % < /| 6879 0
/ 6&83 % 0
o / 0
0 %3 , 68 89 | # 0
K& < 68 F7 0 0 (
0
? < /| 687A =87A ( < / 6874 0 0
% 0 %
/ ? /
& ! </ 7=
? $ & < $ 6888> =/ 6884
# < /| 6879> & /| 6873> 0 68 768
/| 687A 687A 6875> =/ #0 / 687A
0 ? < /| 6&84
& < =1 %
$ /
? 7388
/ 0 68 768
/
$ E88 /
! % # / 000/
/1 %
<l
- =/ B $ | < =
! $ %
| < =
< = D
E8 ( %
0 | < = 4F :
( 0 11 %
0 / | <6874=
Site
Station

Quadrat


http://www.laurentballesta.com
http://www.laurentballesta.com

I.o# | (FRORJLFDO ,QGLFDWRUV
7388 ! 0 0 733 |+
% $ & < 0
755A> 6884> # H=/" 6879 < B 17=
0 0 < 'B /7= | <6874=
6884> / 0
6884/ 0
, , Z53A "< /| 6874> /
98 098 ( % . B /16=1 ( 0
( 0 <74 ( =
< /| 6874 ( %
? 0 1.(.
; 1/ 4F W <
2 0 6884> " /] 6876= 06876
( . <
7888 0 ( 653 0 o
( =/ /! 2
( 748 #
$ S " /| 6876 /| <6879= 687A -
6876= < BDD / =/ 0 8
( / 7 <8 7 = B
# 0 < = ? GO0
( *Y|_* G G
< = 0 ; /
0 < TE
$ / 0 ? (
| < =/ +
0 ; 4FI 7E
/ 0 /
I /
1.). " !
$ 0 X.0.& | 6868 | <6874=
; 0 =/ 653 (
# % * ol /
< - =/ 7648 0
0 ! -
1.2. " s , < 75%A0
( / (
*lx 0 6878 - /
*N%S$ % ! 0 <BDD =l D 3456 (
+ $ 748 0
0 68 58 59 /| 7=¢ G :
ES8 ( <9®8 = ; ; ! < /| &875
</ 7=12 3456 (
6878 6873/ " <X /| 6873> /| 682 !
< : = ! 0 <I''=
/ ( & /| 6873> /| 687A> !
68735 ; 0
0 / 0 < /
( 687A/ 0 . % ! %
08®88 + ! IS /| 6&78 /
% 0 <* ' =
/ < /| 68I79 0 0
<683 ( = <48 ( = <E8 (
1.1. I & " ?
/
- ( 4F 0 0 E8 E8 ?
' FI7 0 0 /
<H 6884> / 6876/ €76 733 ! 0
; 0 * 0
| <6877= <687E= B * ' TA * 98/ 0
* ?% | ¥687E= 4F ( 0 0 % + '

687

TE



/. # !
! . ! '& 2.).* %
/
<$ =
<$ = o
I - ;
* 98 0
( B /
0
'& (.3& 2.).* ! * 4
( 0
0 (
< =/
1.4. 1 & &! |
o< /| 6885 0
< = <
< > 688
< /| 6&7TF O 0
<( =/ 0
# 0 0
<t 753E ?
[ /| 687F =875 #
%
0 ! +
< = < &
' $ 75AA 5/
? # (
B < =
= < =
| # 0 0
< 0
/ F >
/| 6&85 0
/ ? % =0
0 ( I < / 687F ~EB
7#—
N R T <7=
0 ~ 7 © 6
M #
X LT
— _ <=
_ P
,( £6= <E= <
%
= <
$ O <*
* 98=/
J <48 ( = <E8 ( =
$ $ $ x6 $ $ *6
* 7A F9/9 E/37 8/3F
* 98 EA/F5 E/E7 8/35 EE/F5 E/8F

(FRORJLFDO ,QGLFDWRUYV

0 =
+ €= <6= 5
5 8 #
/| 5< 8
% 5> 8 /
5" 5° %7
0 /
(" (
o( "/ + 0
0
5 0 7 17 5
2 6« 0
# < =/ 0
/| 6875
0 0 0
/
<( "= <(
% <( .=/
G : 0
) # < /| 75AE> 1 =
7
0
/ (G (" 7888 0
! * 0
; &,& <& ? s &Y5?' 68 FZA
0 ?
(
-~ <F=
0 8
0 7888
/
e ("a,d
0 <
0,
% - ( /1
0 (
/
; o 0
< E7 =/
0
/ ( 0
% ;
/ ; 0
* 0 #
5 / * 4.4
) .2.200
/ * 1.3! 3 =
& ! .10%.) &, &/
1.0. 9 7 & 7
N ! !
7A
0
0 & W
$ <&,$=
2 < | 6878

&,%IAE

%

68

%

%

%



! . (FRORJLFDO ,QGLFDWRUYV

0 ; | # 0
< = 0 =0 % ! &
% 0 0
6 88/5 = < 0 < 6876
I, % 2 (2
=< .*.G* &,$
<,( < 0=/ : *2):* 2
0 % ( 0 6 /
X
t <9= 1.3 ! !
0 ( <3456 ( = 0
%
(" && ("ed
I 0 ( I
0 0 0 0 (
! /1
: 0 ( % %
B (&,& ("%, & % 0 /
: < =/ "

0 2

2 <0 ¢ ( ( &G ( &&'<
0 ( 0 = 00 H

< = 0
b<"8/AE=/ < = " 3456 ( < =
| 6834 =] < = ,: ( 0 <

=/ < : 0 /=



(FRORJLFDO ,QGLFDWRUYV

/| <6874

7T5€A

%"~ 8/68=/

8/84

% &

<H

/

(.1.

(.1.2.

<6F/3I

733

.2.

%KﬂU
S
v
-
X
v
X
o
I
<
=
<
X o
\"
o
0]
(o2 P
T
E3
w
A3
~ 2
[eo]
s
x ©
~
(42]
Z
w
.-
®
L
=
(o))
[V
< -
*»

17=1

=V

EA/F5 $° E/E7%*8/35 <

*

<*

0
[

98

/

8£35

8/AE

(I<6

5

%6

'8/ RE

0

<ES8

17=1 2

/

" &xg/78

B

-

7

5

7

3456

6=/

" 8% g173F

%

/

8177

7965/4

676E/6 <

789717

TF9/F

%

/

= kK 6=

[ sasP]

| ANSU]

[ IRVA |

ALco]

[ Pac |

eJajliod

ejfydo.olyo

aeble paJ
Bunsnioug

ejAydoiyoo

eozoAig

4A

< 8/89

1

N > "+%+$

1> & &-

> 1*x&

>

-&J-"

‘&1

>

7 > $,& &

&

B +T #

s +%]

&

*&

> -,



(FRORJLFDO ,QGLFDWRUYV

("s,& 78/8A 6/53 < $ <&,%$=
("g & 6/38= 6. 78/8A E/F5 < g g( " % ( S~ 7AIF 74 /&
~ 6/35= < B / /6=/ e &0 (" , ( =/ | %
0 0 8/4A/ % % ( 69/FI
0 ( 0 0 0 ("elk"( &8 %
/ &,80" /| 77161 (" 0
0 0 8/7F /| 6E/3I o
0 ( 0 (&, &0 ("
/ | FF/5I 0
: (" (&e /
(.1.1 [ ! ! ! TAl41 0
0 /| <6804=: /" 7171 9
; 0 0
( !+ 4A 733 ; < 6 | El$
; | <€l - 0 &&2 ( "&,&
4 A E7/FI < 8/7F
/ 8/83 8/73=0 (" <8/F8=/
%
< 8/63=Y ) . |
7 <7/75= ! <7/8F= 1<8/57=0 U ’ '
o. =/ - ; 0
= I = = I 1 k =
8:/65/7. 0<!7/88 & 11 kK8/34 <0 _ 0 $ / 0 (
? (" k" ("&&
( < #=1 ( %
(.(. 9 7 I & 7 1
0N : | / H 0 0 ;
o ) 0 "~ 8IBFF %
& ,(< 8/887= k¢g/
< &
/
0 767F/6 736°¢
0 ?
0 77TF5/F 0
4E88/E 0 0 /
0
0 " 8/89E %" 8/E6= £ 4=/
0 798¢
< 773/A= EA6A7TB8&/ 9= 7 9%6/B=<
E99F/578F6/A= ! / 0
|
0 0 / 4 <H % 2
B®" 5/76 % "~ 8/8E=/
1 0
&,$
/
" o ! I
J J
J (" 8/F8 69/FI
("L&,& 8I7TF
| " 0 ("L&,& 8/83
" " & 8/73
( ‘f'&( &’&7E , (" & 8/EE 77161
("L&,& (" 8/65 6E/3I
I & 8/98
0/ 0 ("L&,& (" 8/EF FF/5I
0 ("L&,& 8/9E
0 / & 8/84
. " 8/FE TAl4]
/ 0 o0 & 8/78 7171
= < - 8/87

%




(
% / %
0 3456
0 0
$
y.2. ! .o
|
1 653 (
( < /| 6870
( ! & 6 x
<8/AE= 0 6 *
( <8/35=/ <$
<EAI/F5 =&
0
<
| # 0
2 < /| &985
C2x8/AE / 6= 0

3456 (

%

/ (
0
| 6&79
687A
!
0
1 (
(
6876 6876 > !+ %
48 (
/| 6868
/ 0
0
0
(%
( <9898
0 0

%

(FRORJLFDO ,QGLFDWRUYV
0

( 0
<H -

8/8FF %< 8/887=/ (

BENES /| 6877>"
/| 6874> ™ % /| 6868

0

I # 0

%

%



687F #

5

0
0
7 1
< / 6885> % (
#
0
7 17
?
5
/| 6&7TF
/
91 < 781
/<E =0

(FRORJLFDO ,QGLFDWRUYV

$
/ H 0 ~ 8/8%E O
0 /
F71 < 7881 ( =
% / 0
/ 0
(0 ( G
0 0
| <6874=
| <@87A= 0
< 0
0 = ; o<
6876> ! J =/68&7F
( <
< ES
< | g/
: 0
? <%" 68 FH4 2
( "g,8< (/& O <
<
( 0 0 <
: / 3456 (
6876> 0 58 59
$ /
0
= : 0
K % /| 6885
)0.1.1. ! !
%5 4A
< | &/ /| <6870=
< ! 7

/< =*
% 8/E6/

%

748

%

E7/FI



(FRORJLFDO ,QGLFDWRUYV

0 %
<. . ? 0 0 e
( = 1< 0 0 / 0
= 0 / <6804=0 0
/ 7 & ; ! (
! < 0 7 & ; = 0 / | <687A=&,%
0 ! <0 708& ; = / <
+ 0 =
/ 0 %
0 7! = <! 0
=% !l k = 0 / -
& $ % 0 =/ $ 0
< /| 687A 687A 0=/
/! # 0 0 :
0
; ?
< |/ E] + !, 0 ?
< 0 = D %
< 0
0 0 0 0 = :
/ 7 ! ; < /| 6873> =// 6875
& 0 0 0 0 0
( < | <687A | <687A
= 0 0 ; 0
< ; / ;
( | EIS$ 10 % B 0
0 ; /
0 + 0 <,: =
< 75%4 " 95 < 733= / 0
0 0
I+ 0
/ B 781 #78 < |/
68798/ 0 E8 58
).1.(. < 7 ! 7, ! 7 <! /&% ! 0 /!
7 1 11 | , 0
( <&,$= 0 0
; ; 0 0
"< /| 6876 * /| 6879 #
/" &,$ 0 / 6879 =/l 6873 0
0 0
/ 0 0 0 0 (
/ /
- 0 69/FI
0 &,$ 2 ).(. ! ! !
/ |
< =
? ( 0 % 2 <
| + & 6% 30 ( 0 %
? <("
I < I "ee (e, &l ( 0 ;
6874 0 0 0 %
/ (
| # 0 : &,$
IS J 68I7F &,$ ; 0 0/&< O
0 0 0¢( < 0= 0 0 <
= /
0 0 0 < 0 0
/| 6874> =//+687A0 % < J /| &BT7A 0
?
< <0 0
0 =/ &(&" ("&’&0 =/ #0
S #H= 0 ( D
0 % / &4
! ( 0 0 0
& !



0 < &!
0 ' %0
/- (
0 D
</ 9 = 0
< 0 = |
| 1 | /
? = 0
0 /| + 0
( 0
0 0 (
< #= 0 0
/2 $
<zl -
/ +
, #
? / J ?
0
% /
<
<0 =0
0
0
0
/
&,$ 0 0
0
< 0
( 0 %
=/ .
0
< 688/4"
&,$ 0
2
| # 0 0
$
< | 4=/ 2 $
0
< o= $
0 ES8 48 0
0 < B 117 =/ 0
B 66
0 AF / -
0 $ G
* A * O
G O H 2 /| 8876
0 0 0
$ /2 0 !
/
0 ! <E5 6
! > 7875 6 +'&,, 68ZA
/
$
% ;
@ 2 /| =H8TA

(FRORJLFDO ,QGLFDWRUYV

%

= < /| 687A=]/
: 0 9
% < /| 6883> &
687E
| # 0 ?
/ ! 2 0 0
0 0
0
; 0 / 2
% 0
0
< /| 6873>
/| 6875> " & /] 6868> 0=/ - /| 6868
0 0
%
/ 0
: <
% /| 68/75 0
( %
'I'B
< % /| 687A =B8T7A
0o = /
l
/ + 0
. < /| 68FA O
/
- B
M < BDD / D78/96A7D? =/F5F4:
<3456 = (
- <. / C % /=1
; %
!
0 ;
G
o /
%
"H# S
0 0 2 <
*$1 < BDDO0OOO/ 4 D I'*& ! + &
< "% 6 6874%6875=/ *,1-* 0 0
2 < , *$l o< BDDO0OOO/
/| B - /i " / '1$
/) / '1$ /ARy
| 1# " ( %
*o-* < BDDOOO/
% /| D D D L=/ I# / %
I '1$ 0
/2 0
4
" % " & !
& BDD /
D78/7874D./ /686/7/7835E9
2/ / : I H/ t# 121
1 & 205 &I 2 VA $// 6877/ 2
* $ & / < BHDO00O0/ I/< 6877%

TT%7A=]



(FRORJLFDO ,QGLFDWRUYV

/ I * 1l & %" 6868/ I I$] - #/ & &/$/ 6878/ - :
r, T+ | 785 I, 1$ | AB3k7= 43
789AF8/ BDD / D78/7874D./ /I6875/789AF8 *[ &1$/ $// 6873/ &
.,/ 6884/ $ B /| ' & 7T7F <7THEB3B33F
0 B * o/ - /'$ | FF546E $/ " I $/ 687E/ B 2 BDDO0OOO/
0 RN K] # &I /| 6868/ & /D
) / & 38B467N463/ # /1 $/ /! /! &/ J# $/
? /1 6878/ B $/," & &I/ & I d $/ 1/ [ /
/ 1 /| 53 <F=E7B84 & / * 0 / 6879/ ! 0 Q!
s !/ 6888/ % $ & B / /Il TE58
I'$ / /ER#t E43 # I#/ ! 0 *IHI & 0 121 $ */$/ T5AE/ " $
%" M/ 687A/ ! ? ? <&,&94 * |, | & | 7TF <®FT7A5
? /! /., | 75 <7AE 33 # / */ / 6885/ /
' /1 6876/ + : B o+ /| 63 AAE
0 : / # HI M R/ * &1 & / 6879/ " " * 7 B &
s E9 764 + ! ! ; / + B +,,, + !
! $/2/ " /1 6878/ * B ! J /| 788B8EIF
# $/-/ 753E/ " B ( /
/" / | 74E AO3 4 s 9F FEE
! % o N / o 111 6874/ # I $ ( 'l / $/ 0" / 1% &1
& " / /'] 6879/ %
! I & | *TA 4 7 $ B /
! % /I H? HI#/ 13l | H &/ 2/ 6885/ & -', 78 <A= B87/[E9F3E
!, 76B45EN379/ +'&,,/ 687A/ : / BDDO0OOO/ / D D ( DEE
! /! 1 %#/ / 687F/ 1 & 8EE89Q " EE9EFAA
# ,&/ 6875/ " >
/ /0, 1, I & | FE6F53 / BDDO0OOO/ /D D %3 %
! It Y% #I I &1 & +1% |/ &/ O/%!/ ! 1%$/+/ ! /! 110 &l /-, / ?2% |/ ?
& 0 2/ 1 6875/ % $ I H / R/ ? /% o/ $ /%
< = /I, $ / ! / / / HI = I & $/
! . /AN -/ 687F/" / ! /| & EI3PA <3= &38 Il & &/ ./ HI J @ " /$/ 6868/
! &I # .,/ ‘I O #/ 6875/ / !, 1, | 7TA <4=
/'$ , |, | 78 <78F4RFBEG6 EFE9E
! 'l & #1 */ 6874/ H 2 /I & "1 /I $ /I $ / /
B : " ( / 6876/
K /-, / & | 67668BA
" AV / /2 -/ /271 ! HI$/ [ ! ? % !, I &
. ( / [V 1#1 % * / *$ &/ /| * | 75 <6939495
$/ = I & /I & /I & +/ & H $/1$/ 1 T5EA/ 0 / B# <7%6= A
? 0 H/ / " / 6876/ ! H &/ $/ A ot v M $/
/| ' & 785 <6EAAMATE / &/ 6877/ *
" */ " /2 !/ M/ 6884/ & B
/ 6AANES87 ' ! & / & -', 4 <77=/ 6378E
< ' ; + ' H H/,/ &/$/ 6884/ ! ! 0 L <!l =B
=/ & # /
*/ / &/ ! ? 0 * / / /! / | E6 <5=76G485
! $/ ! 'l I # I # &/ H / &/ $ / % RI # */ 687AI !
$J / x| o* ? 1 / / 6876/ " * I +,,, / /'$ + +
I, !, !/, | F6 6683MdP
, | & | 7 <747 98 /I $ 1 & $/ /! #IP] * */ 688¢
N /o 2/ & */ 1% | H/ % /'l 6878/ + ‘B % $ B * 0/ /
!+ , s , <+,,,= $/ ( &/ / /I M / +/
/| 6FA99 ! &/ ! [ / / s $/ [
N /o / / I # / 6876 / H / %H ,/ $/ s / & 1/ &
0 : 1/ 1/ 2 #/ -/ 687A/ $ %
$ 0 /I, I+ |IBB86 EF9 0 / & -', TE <77=1] 8684436
N [ / / I # / 6876 / WA / 6885/ ( I+, | &
Il s I, & | E <6696E4
F7TA%F75A@®9 $ I, 7T5AA[ , " + % I & '
@ ? &/ 1/ & $/ B 1@2% I $ M/l # */ " /
! HI$/ [ +/ H/ / &/ ! / $$/@ %2 [/ $ 1/ / 6883/ %
/ /213 - [ N / 0 / /! | TEAB<7%6= 43
& $/ &/ % o/ N H/$, 6889/ , # 2 % B & / + /
" 0 &/ / / 'l #0 /1 H #1 2 &t
& O/ 687A/ B ? $ $/ 1/ ( /I @ [/ ! 2 N / ? 1/
0 ! & E©®36 638 &I 687F/ (
I # / /3 &l I $ ( ‘I 6874/ $ 0 / s /! 6B8M5A
% B $ ( / JI % veres o7 | [V /
: ' % 2 $ & [, I ! /" / 1/ "# -1 /
+ [ 47 T7TIBOF &/ $/ $ ST T / &/ ?
, I, 753A/ * ! / B&8A "0 O* 1&1 1 * * N 2/ 6876/ , B
/1 0 $/&1 &/ : /'l 687AI $ / I * | A33M85
/& | * /A 796EF &/ 3 /A 1% | &/ " #/ 6885/ -
/o Il & */ 6873/ ! P B
+ <! P+=B ! - 77TA <E86 E57
/I, | + | A63837 * 6868/ *B s & ! | *
@ % ? [ ?2? 1% $ $/ 1, / /'l 6868/ & ! J BDDO0O0O/*U a
" * J/ &1 & /| 6876/ "' J B +
/ & - 79 <9= [ B86ET74F7 : / I & &I,/ /
%%/ ! */ 755A/ B & B ! $ ,l /- 1 /
o / , |, | TE <A®SIFET74 * 1% | % & "l e &I !
1#1 I+ " Iy / 6883/ B 2 I # 1% | $ $/ $ 1 ? 0l * (‘
0 Q , | 6653 595 J / &/ 6879/ %
. #/ 7554/ % B $ ( $ /I, I+ 179B T7E3
/1 / * / I*I $ /$/ 2 0 / 6885/ , ?
/ , |, | 6F9¥%= 989



?

EG6H

/

'l

(

<9=

%

121 1

*I'| 6868/

/'l 687E/

&I1&IH/

1

&
0

, | 7T7TF 348

i+
I * &
/1
! -
/ 6885/ !
58 <6=
$

1

/1
0

2/ 6885/ +
7 HEBI6
21/

I $
/ -
&1,/

EEAMPE

$

(FRORJLFDO ,QGLFDWRUYV

N / %! / 687EKL @ "/ I/ 6883/ 0 B
$ /- / I # |, | E9 <E4&b EA47
AV % & 131 "l /! P/ " /! /3 &I $ ( "I 68T7A
: B ! 0 ; /& |
/ /! /| 6E <4AA 435 A T773EE
B [%&I " /! / &1J$ ( '/ 6875/
/A /"] 6& )
/ / /| 79 <77= 6875BB®E// D78/785AD
I I#1 6879/ + % /6875/838E
B 0 / /&l 1" '1'$ ( | 687Al +
/ * & B & 6/
#/&1 6873/ 1 ( 687A8537/
& | F <3F 738738 I%&lI $ ( J & $/ # / I # /
6877/ B / 6874/
/ / & | * | 4] EF665
? B 2/ "'l 6878/ "
!, 57 <77= HEEHBF
+/ 6873/ # I#1 H ‘'] 6879/ * 0 B
s /! FBJI 93 / 76 <67
I # #1 H/ | 6873/ 4F6B3FF7
J /! &/ ! $/ 1/ I*1 0 */ /!
/ 1 | TIAA789 ? H/ ?2%* $/ % H/ .1 687A
/' &1784 I * & | - &
<F= 736664BDD / D78/785AD/ /736664
/ -1/ 0 1/ 6879 741 $/ J/ & 0 -/ 687E/
B I & & 1HB B O 0 Q , |, | 6A68F= 755



