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Description of the subject.	A	field	study	has	been	conducted	on	24	grasslands	with	five	different	botanical	experts	in	order	
to	assess	inter-observer	bias	when	making	botanical	surveys	as	well	as	the	possible	consequences	in	terms	of	descripting	a	
semi-natural	habitat.
Objectives.	Fieldwork	has	been	conducted	to	understand	the	most	important	factors	of	variability	affecting	botanical	surveys	
conducted	by	several	observers.	These	results	were	used	to	suggest	practical	solutions	to	enhance	the	quality	of	such	surveys.
Method.	Five	observers	performed	a	complete	botanical	survey	of	24	grassland	plots	in	the	Famenne	(Wallonia,	Belgium)	
in	 June	 2009.	All	 surveys	 were	 statistically	 analyzed	 in	 order	 to	 detect	 and	 quantify	 the	 sources	 of	 variability	 between	
observers.	The	main	parameters	compared	are	the	habitat	diagnosis	made	on	the	field	by	the	experts,	the	rate	of	detection	of	
the	characteristic	species	as	well	as	their	coverage	in	each	plot.
Results.	Regarding	habitat	identification,	the	biggest	differences	between	observers	are	seen	in	plots	where	the	composition	
is	intermediate	between	a	habitat	in	good	and	in	bad	status.	Overall,	there	was	a	slight	tendency	to	undervalue	the	quality	of	
the	habitat.	The	analysis	revealed	that	the	primary	cause	of	variability	between	observers	is	the	fact	that	the	experts	did	not	
always	strictly	follow	the	criteria	for	habitat	identification.	As	regards	the	comparison	between	observers,	several	sources	of	
variability	were	identified.	The	main	ones	are	the	variability	of	the	estimated	coverage	of	some	plants,	the	variability	of	the	
detection	rate	of	characteristic	species,	as	well	as	the	variability	of	the	prospecting	effort	that	can	be	sub-optimal	in	each	plot.
Conclusions.	Some	of	the	sources	of	variability	that	have	been	pointed	out	can	be	resolved	easily,	other	have	to	be	taken	in	
consideration	when	comparing	the	results	of	surveys	in	the	future.	The	solutions	proposed	to	reduce	the	variability	between	
observers	are	to	encourage	better	self-control	of	the	parameters	to	be	taken	into	account	at	each	step	of	the	work,	the	organization	
of	targeted	training	courses	and	more	standardized	prospecting	efforts.
Keywords.	Grassland,	detection	rate,	cover	rate,	observer	effect,	bias,	prospection,	monitoring,	habitat,	identification.

Évaluation de « l’effet observateur » dans les relevés botaniques en prairies
Description du sujet.	Une	étude	de	terrain	a	été	menée	sur	24	parcelles	de	prairies	avec	cinq	experts	botanistes	afin	d’évaluer	
d’éventuels	biais	dans	les	relevés,	ainsi	que	leurs	conséquences	possibles	quant	à	 la	description	des	habitats	semi-naturels	
concernés.
Objectifs.	Afin	de	connaitre	les	principaux	facteurs	de	variabilité	entre	observateurs	et	leur	amplitude	respective	lors	de	relevés	
botaniques	en	prairies,	une	étude	a	été	menée	et	les	résultats	ont	été	analysés	statistiquement.	Les	résultats	ont	débouché	sur	la	
mise	en	place	de	solutions	pratiques	pour	améliorer	la	qualité	des	relevés	et	diminuer	la	variabilité	entre	observateurs.
Méthode.	Cinq	observateurs	de	terrain	ont	effectué	des	relevés	botaniques	complets	sur	24	parcelles	de	prairies	en	Famenne	
(Wallonie,	Belgique)	en	juin	2009.	Tous	les	relevés	ont	été	analysés	statistiquement	pour	détecter	et	quantifier	les	différentes	
sources	de	variabilité	entre	observateurs.	Les	principaux	paramètres	comparés	sont	le	diagnostic	de	qualification	de	l’habitat	
par	les	experts,	le	taux	de	détection	des	espèces	caractéristiques,	ainsi	que	leur	taux	de	recouvrement	sur	chaque	parcelle.
Résultats.	En	termes	d’identification	d’habitat,	les	différences	les	plus	importantes	entre	les	observateurs	ont	été	constatées	
dans	les	parcelles	qui	avaient	une	composition	intermédiaire	entre	un	habitat	typique	en	bon	état	de	conservation	et	un	habitat	
nettement	dégradé.	De	manière	générale,	il	a	été	constaté	une	légère	tendance	à	la	sous-évaluation	de	la	qualité	de	l’habitat.	
Les	analyses	ont	révélé	que	la	première	cause	de	variabilité	provient	du	fait	que	les	observateurs	ne	suivaient	pas	toujours	
scrupuleusement	les	seuils	des	paramètres	utilisés	pour	l’identification	de	l’habitat.	En	ce	qui	concerne	la	comparaison	entre	
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1. INTRODUCTION

After	acceptance	by	the	European	Commission	of	the	
limits	of	Natura	2000	sites	in	Wallonia	between	2002	
and	2005,	 the	first	 step	of	 the	 implementation	of	 the	
Natura	 2000	 network	 was	 the	 detailed	 mapping	 of	
all	 habitats	 in	 the	 sites	 before	 the	 publication	 of	 the	
official	 Designation	 Acts,	 as	 well	 as	 the	 evaluation	
of	 their	 conservation	 degrees	 at	 each	 site	 (Dufrêne	
et	 al.,	 2013).	 The	 degree	 of	 conservation	 integrates	
parameters	such	as	the	structure,	the	functions	and	the	
restoration	possibilities	at	 the	level	of	each	particular	
Natura	 2000	 site.	As	 stated	 in	 the	Habitats	Directive	
(HD),	the	aim	to	be	achieved	is	at	least	to	maintain	the	
conservation	status	registered	at	the	time	of	the	site’s	
designation.	The	 objective	 at	 the	 regional	 scale	 is	 to	
maintain	a	favorable	conservation	status	and	if	this	is	
not	the	case,	to	restore	it.

The	identification	of	the	habitats	and	the	assessment	
of	their	conservation	status	by	different	experts	implies	
providing	 them	 with	 specific	 tools	 to	 reduce	 the	
risk	 of	 diverging	 interpretations	 in	 the	 assessments	
(Bottin	 et	 al.,	 2005).	To	meet	 these	 requirements	 the	
Department	of	 the	Study	of	 the	Natural	Environment	
and	Agriculture	 (DEMNA,	 formerly	CRNFB)	 of	 the	
Public	 Service	 of	Wallonia	 collaborated	with	 several	
universities	(ULg,	UCL,	Gx-ABT	formerly	FUSAGx).	
Between	 2003	 and	 2005	 technical	 documents	 were	
developed,	including	identification	keys	to	the	habitats	
on	the	basis	of	(for	grasslands)	lists	of	“characteristic	
species”	 and	 minimum	 coverage	 thresholds.	 These	
documents	were	 necessary	 to	 identify	 and	 assess	 the	
conservation	 status	 of	 these	 habitats	 (Halford	 et	 al.,	
2006;	Legast	et	al.,	2006).

Since	2002	the	WalEUNIS	typology	(Dufrêne	et	al.,	
2005)	has	been	used	 in	Wallonia	 to	 refer	 to	different	
habitats.	This	typology	is	a	Walloon	adaptation	of	the	
European	EUNIS	typology	(Davies	et	al.,	2002),	which	
is	more	detailed	and	comprehensive	than	the	CORINE	
one.	These	WalEUNIS	codes	are	used	by	 the	experts	
to	 identify	 whether	 the	 habitat	 falls	 within	 any	 of	
Habitats	of	Community	Interest	(HIC)	or	not	(NHIC)	
as	 mentioned	 in	 Annex	I	 of	 the	 Habitats	 Directive	
(EUR28)	 (European	 Commission,	 2013),	 using	 the	
technical	documents	mentioned	above.

In	this	case,	the	target	habitat	is	“Hay	meadows”,	
named	 “E2.22”	 in	 the	 WalEUNIS	 typology	 and	
“6510”	in	the	EUR28	(European	Commission,	2013)	
typology.	 Hay	 meadows	 are	 herbaceous	 vegetation	
installed	 on	 relatively	 fertile	 and	well-drained	 soils.	
They	 are	 traditionally	 mown	 in	 early	 summer	 for	
hay	 production.	 Their	 plant	 composition	 includes	 a	
wide	 variety	 of	 grasses	 and	 forbs,	 especially	 in	 the	
less	 fertilized	 variants.	 These	 mesophilic	 meadows	
are	acutely	threatened	by	agricultural	intensification,	
particularly	 through	 the	 use	 of	 fertilizers	 and/or	
grazing,	but	also	due	to	cultivation	or	abandonment.	
The	 direct	 consequence	 of	 their	 degradation	 is	
a	 general	 loss	 of	 biodiversity.	 In	 the	 field,	 one	
can	 observe	 a	 gradient	 of	 habitats	 in	 good	 status,	
habitats	in	an	intermediate	status	as	well	as	degraded	
grasslands	 that	 can	 no	 longer	 be	 considered	 as	 hay	
meadows.	These	 are	 classified	using	 the	WalEUNIS	
typology	 as	 “intensive	 grasslands”	 named	 “E2.11a”	
when	 intensively	 grazed	 or	 as	 “heavily	 fertilized	
grasslands”	 named	 “E2.11c”	 when	 intensively	 used	
for	 the	production	of	hay	(silage)	and	grazing.	Such	
meadows	are	not	considered	as	HICs.

However,	 even	 if	 field	 surveys	 made	 by	 our	
botanical	experts	were	made	by	using	the	identification	
keys	 for	 WalEUNIS	 habitats	 thus	 theoretically	
reducing	the	inter-experts	variability,	it	is	well	known	
that	this	type	of	survey	is	accompanied	by	variability	
due	 to	 the	 observer	 and	 to	 the	 period	 of	 year	 at	
which	the	surveys	are	conducted	(Moore	et	al.,	1970;	
Kirby	 et	 al.,	 1986;	 Leps	 et	 al.,	 1992;	Klimes	 et	 al.,	
2001;	Vittoz	 et	 al.,	 2007).	When	 comparing	 species	
lists	 provided	 by	 different	 observers	 this	 variability	
was	estimated	at	13%	 in	5	x	5	m	grassland	quadrats	
(Klimes	et	al.,	2001)	and	at	more	than	10%	by	Vittoz	
et	 al.	 (2007)	 on	 40	m2	 quadrats.	 For	Hope-Simpson	
(1940),	and	as	later	recalled	by	Scott	et	al.	(2002),	it	is	
necessary	to	make	preliminary	tests	to	determine	the	
rate	of	variability	 intrinsic	 to	each	type	of	 inventory	
method.

The	 main	 objective	 of	 this	 study	 is	 to	 quantify	
the	“observer”	effect,	also	called	“pseudo-turnover”,	
“false	turnover”,	“sampling	error”	or	“sampling	bias”	
(according	to	the	authors,	see	Klimes	et	al.,	2001)	that	
can	reasonably	be	expected	in	the	surveys	conducted	

observateurs,	les	principales	sources	de	variabilité	proviennent	des	estimations	des	taux	de	recouvrement	de	certaines	plantes,	
des	taux	de	détection	des	espèces	caractéristiques	ainsi	que	de	l’effort	de	prospection	qui	n’est	pas	toujours	optimal.
Conclusions.	Les	différentes	sources	de	variabilité	qui	ont	été	mises	en	évidence	peuvent	soit	être	réglées	facilement,	soit	
devront	 être	 gardées	 à	 l’esprit	 lors	 des	 comparaisons	 futures	 entre	 relevés.	 Les	 principales	 solutions	 proposées	 sont	 les	
suivantes	:	un	meilleur	contrôle	par	l’observateur	de	son	travail	à	toutes	les	étapes	;	une	organisation	de	formations	ciblées	;	
des	efforts	de	prospections	standardisés.
Mots-clés.	 Prairie,	 taux	 de	 détection,	 taux	 de	 recouvrement,	 effet	 observateur,	 biais,	 prospection,	 surveillance,	 habitat,	
identification.
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by	different	experts	analyzing	 the	same	fields	 in	 the	
same	 period	 of	 time.	 In	 this	 article,	 we	 present	 the	
results	 of	 the	 “observer”	 effect	 (the	 analysis	 of	 the	
“season”	effect	will	be	treated	later	on).

There	 is	 a	 real	 methodological	 challenge	 in	
evaluating	 the	 variation	 of	 field	 diagnosis	 made	
by	 different	 experts	 on	 basis	 of	 their	 botanical	
surveys	 and	 when	 using	 the	 identification	 keys	 in	
these	 situations	 of	 a	 continuous	 gradient	 between	
grasslands	with	 a	 high	 conservation	 value	 protected	
by	 specific	 constraints	 (HIC	6510)	 and	 highly	
degraded	grasslands	(NHIC)	where	the	constraints	are	
very	 limited.	Indeed	it	 is	essential	 to	make	a	correct	
evaluation	in	order	to	avoid	imposing	unnecessary	or	
disproportionate	constraints	to	site	managers	(mainly	
farmers),	 but	 also	 to	 protect	 the	 unique	 biological	
heritage	still	remaining.	In	addition,	when	monitoring	
the	 sites	 every	 six	years	 as	 required	by	 the	Habitats	
Directive,	 it	 is	 important	 to	 ensure	 consistency	 of	
the	 diagnosis	 if	 the	 situation	 has	 not	 changed.	 The	
reporting	of	a	decline	in	conservation	status	either	at	a	
Natura	2000	site	or	at	the	biogeographical	level	could	
trigger	significant	corrective	measures.

2. METHODS

2.1. Field surveys

Twenty-four	 plots	 covering	 a	 total	 of	 63.7	ha	 were	
selected	 on	 the	 basis	 of	 the	 mapping	 and	 surveys	
previously	 conducted	 by	 the	 Natura	2000	 teams	
in	 2005	 and	 2006	 on	 the	 sites	 BE35036	 (Valley	
Biran)	 and	BE35037	 (Valley	Wimbe)	 located	 in	 the	
Famennes	 (Wallonia,	 Belgium).	 These	 plots	 were	
selected	before	 the	 experiment	 itself	 on	 the	basis	of	
their	former	botanical	composition	(surveys	made	in	
2005-2006	using	the	field	identification	keys)	in	order	
to	constitute	three	groups	of	relatively	homogeneous	
characteristics.	The	first	group	includes	hay	meadows	
(E2.22	-	 HIC	6510	-	 eight	 plots	 classified	 in	 2005-
2006	 as	 F1	 to	 F8),	 the	 second	 intensive	 grasslands	
(NHIC	-	 E2.11a	 or	 E2.11c	-	 ten	 plots	 classified	 in	
2005-2006	as	D1	to	D10),	and	the	third	group	includes	
grasslands	 having	 intermediate	 characteristics	 and	
considered	as	“transitions”	between	the	two	extremes	
(six	plots	classified	in	2005-2006	as	T1	to	T6).	These	
“transition”	 grasslands	 are	 considered	 to	 be	 part	 of	
HIC	6510	 but	 with	 a	 WalEUNIS	 “transition”	 code	
(E2.22-E2.11)	indicating	their	status.	

For	 the	 experiment	 itself	 five	 botanical	 experts	
were	 specially	 hired	 in	 2005	 with	 the	 mission	 of	
mapping	the	Natura	2000	sites	in	Wallonia.	They	were	
asked	to	conduct	surveys	on	each	of	the	twenty-four	
plots	using	their	routine	method	of	mapping	using	the	
identification	keys.	Each	expert	designated	each	plot	

to	a	WalEUNIS	and	HIC	code	and	drew	up	a	 list	of	
species	as	far	as	they	could,	including	the	respective	
coverage	using	the	Braun-Blanquet	scale.	

The	 surveys	 were	 conducted	 by	 the	 five	 experts	
between	 the	 2nd	 and	 8th	 of	 June	 2009,	 during	 the	
optimal	period	of	plant	diversity	for	hay	meadows	just	
before	mowing.	To	test	the	“observer”	effect	as	it	may	
appear	 during	 “routine”	 surveys,	 the	 experts	 were	
explicitly	 asked	 to	 perform	 their	 phytosociological	
surveys	as	usual.	This	means	each	observer	makes	an	
as	complete	as	possible	list	of	species	with	their	cover	
rates	 running	 through	 the	whole	 plot.	Depending	 of	
the	size	of	the	plot	this	survey	took	20	to	45	minutes.	
The	 botanical	 surveys	 were	 then	 encoded	 in	 an	
Access	database.	In	order	to	have	reference	surveys,	
one	observer	spent	a	little	more	time	on	each	plot	so	
as	to	be	exhaustive.	These	surveys	are	considered	as	
“reference	surveys”	later	in	this	paper.	Each	observer	
surveyed	 24	plots	 except	 observer	 five	 who	 visited	
only	21	plots.	We	therefore	have	117	plot	surveys	for	
analysis.

2.2. Characterization of the habitat

The	 identification	 of	 HIC	6510	 hay	 meadows	 in	
Wallonia	 is	 based	 on	 the	 presence	 and	 cover	 of	
15	characteristic	 species	 (Lambinon	 et	 al.,	 2012):	
Anthriscus sylvestris	 (L.)	 Hoffm.,	 Arrhenatherum 
elatius	 (L.)	 P.Beauv.	 ex	 J.Presl	 &	 C.Presl,	 Avenula 
pubescens	 (Huds.)	 Dumort.,	 Centaurea jacea L.,	
Crepis biennis L.,	 Daucus	 carota L.,	 Galium 
mollugo L.,	 Heracleum sphondylium L.,	 Knautia 
arvensis	 (L.)	 Coult.,	 Leontodon	 autumnalis L.,	
Leucanthemum vulgare	 (Vaill.)	 Lam.,	 Pastinaca 
sativa L.,	 Pimpinella major	 (L.)	 Huds.,	 Rhinanthus 
minor L.	and	Tragopogon pratensis L.	(adapted	from	
Halford	 et	 al.,	 2006).	To	 be	 considered	 as	 an	E2.22	
habitat,	 a	 botanical	 survey	 must	 have	 at	 least	 three	
characteristic	 species	 with	 a	 minimum	 10%	 cover	
in	 total.	The	abundance	of	all	species	 taken	together	
is	 then	 scaled	 down	 to	 100%.	 To	 cope	 with	 cases	
where	 the	 threshold	 of	 three	 characteristic	 species	
is	exceeded	but	their	cover	is	very	low,	we	calculate	
the	 product	 of	 the	 number	 of	 characteristic	 species	
by	 their	 cover.	 If	 this	 product	 exceeds	 30%	 (three	
species	*	10%),	 the	grassland	 is	considered	as	a	hay	
meadow-E2.22	 (F)	 or	 a	 transition-E2.22	 E2.11	 (T)	
depending	 on	 the	 intensity	 of	 degradation	 seen	 in	
the	field.	Otherwise,	it	is	a	degraded	grassland	E2.11	
(D).	 This	 methodology	 was	 used	 by	 the	 experts	 in	
the	 field	 to	 classify	 the	 plots	 (WalEUNIS	 and	 HIC	
code)	and	their	botanical	surveys	were	later	analyzed	
to	compare	the	assessment	made	in	the	field	with	the	
“mathematical”	classification	resulting	from	the	strict	
application	 of	 the	 criteria	 and	 thresholds	 base	 upon	
the	number	and	cover	rate	of	characteristic	species.
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2.3. Data analysis

All	botanical	surveys	were	encoded	in	a	standardized	
Access	 database,	 allowing	 the	 extraction	 of	 raw	data	
tables	 that	 have	 been	 analyzed	 in	 R3.0.0.	 For	 each	
survey,	 in	 addition	 to	 the	 list	 of	 species	 with	 their	
respective	 cover	 (Braun-Blanquet	 scale	 slightly	
adapted:	 +	=	 0.5%,	 1	=	 1-5%,	 2a	=	 5-15%,	 2b	=	
15-25%,	 3	=	 25-50%,	 4	=	 50-75%,	 5	=	 more	 than	
75%),	the	following	parameters	are	encoded:	the	date	
of	the	survey,	the	state	of	the	meadow	(mown,	grazed	
or	 standing),	 the	WalEUNIS	code	and	 the	HIC	code.	
For	quantitative	analysis,	we	transformed	the	scale	of	
Braun-Blanquet	using	intervals	medians	of	abundance	
classes	 (“+”	=	 0.2,	 “1”	=	 2.5,	 “2a”	=	 10,	 “2b”	=	 20,	
“3”	=	37.5,	“4”	=	62.5,	“5”	=	87.5%).

The	different	steps	of	the	analysis	are:
1.	Validate	 the	 typology	 (grouping	 of	 the	 24	 plots	
in	 F/T/D)	made	 in	 2005-2006	 on	 the	 basis	 of	 the	
botanical	 composition	 of	 2009	 surveys	 made	 by	
the	“reference	observer”	 in	order	 to	make	 relevant	
comparisons	 between	 the	 five	 experts.	 The	 Ward	
clustering	method	and	ordination	method	(Principal	
Coordinate	 Analysis	 or	 “PCoA”,	 also	 known	 as	
Multidimensional	Scaling	or	“MDS”)	were	performed	
on	the	Bray-Curtis	distance	matrix(Legendre	et	al.,	
2012)	 and	 calculated	on	 the	 grossabundances	with	
Vegan	 (Oksanen,	 2013).	 The	 IndValmethod	 was	
then	used	to	identify	indicator	species	of	he	different	
levels	of	grouping	(Dufrêne	et	al.,1997).

2.	Evaluate	 the	 differences	 between	 the	 observers	
firstly	by	assessing	the	variability	in	identifying	the	
presence	of	a	HIC	between	the	four	main	observers	
in	relation	to	the	validated	diagnosis	of	the	reference	
observer.	

3.	Assess	the	significance	of	the	variability	of	the	surveys	
between	 observers	 using	 the	 Principal	 Coordinate	
Analysis	method	conducted	on	a	distance	matrix	of	
Bray-Curtis	(Legendre	et	al.,	2012)	calculated	on	the	
gross	 abundances	 with	Vegan	 (Oksanen,	 2013).	A	
group	K-Means	on	 the	first	25	coordinates	and	 the	
IndVal	method	are	then	used.

4.	Analyse	 the	 variability	 to	 understand	 the	 deter-
minants,	verifying	the	compliance	of	the	criteria	used	
for	 the	 recognition	of	habitats,	as	well	as	potential	
problems	 of	 detectability	 of	 characteristic	 species	
and	of	variability	in	species	covers.

3. RESULTS

3.1. Validation of the typology used as a reference 
for analysis

The	 results	 of	 the	 identification	 work	 made	 by	 the	
“reference	observer”	on	the	24	plots	are	confirmed	by	

Ward	grouping	which	shows	the	natural	partition	into	
two	main	groups,	with	on	one	side	HIC	hay	meadows	
E2.22	(F)	and	transitions	E2.22-E2.11	(T)	and	on	the	
other	side	degraded	grasslands	E2.11	 (D)	 (Figure 1).	
Two	 “transition”	 grasslands	 (T2,	 T5)	 are	 associated	
with	degraded	grasslands.

Ordination	 confirms	 the	partition	 into	 two	groups	
on	the	first	axis	with	HIC	on	the	left	(groups	3	and	4)	
and	NHIC	on	the	right	(groups	1	and	2)	(Figure 2).	

A	 good	match	 is	 observed	 between	 the	 reference	
typology	 (WalEUNIS	 and	HIC	 codes),	 based	 on	 the	
frequency	 of	 the	 14	characteristic	 species,	 and	 the	
overall	phytosociological	composition	of	hay	meadows	
involving	disturbance	indicator	species.

3.2. Variability in the diagnosis (presence/absence 
of a HIC)

The	table 1	shows	that	during	the	93	surveys	the	four	
observers	 identified	 71	 (76%)	 HIC	 (38)	 and	 NHIC	
(33),	 correctly	 according	 to	 the	 reference	 observer’s	
opinion.	 They	 better	 identified	 the	 NHIC	 (33/40	=	
83%)	than	the	HIC	(38/53	=	72%).

The	variability	between	 the	 four	observers	 is	 low	
because	 globally	 they	 identify	 75%	 (OBS1),	 71%	
(OBS2),	83%	(OBS3)	and	76%	(OBS4)	of	the	biotopes	
properly	with	a	better	proportion	of	HIC.	Mismatches	

H
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0.5

0.0

cl3 cl4
cl1 cl2

Figure 1.	 Ward	 grouping	 performed	 on	 the	 24	 reference	
surveys	showing	two	well-defined	main	groups	each	being	
then	split	 into	two	well-defined	sub-groups	(cl1	to	cl4).	In	
green	 the	 HIC	 (Habitats	 of	 Community	 Interest)	 in	 good	
status	of	conservation	(F01-F08),	in	red	the	NHIC	(Habitats	
Non	of	Community	Interest)	(D01-D10)	and	the	transitions	
in	orange	(T01-T06)	—	Résultat du groupement de Ward sur 
les 24 relevés de référence qui montre d’abord deux puis 
quatre groupes bien identifiés (cl1 à cl4) avec en vert les 
HIC (Habitats d’intérêt communautaire) en bon état de 
conservation (F01-F08), en orange les HIC en transition 
(T01-T06) et en rouge les NHIC (habitats sans intérêt 
communautaire) (D01-D10).
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are	more	in	the	direction	of	under-detection	of	HIC	(15	
out	of	93)	than	an	overstatement	of	quality	(7	out	of	93).

The	 same	 table	 shows	 that	 the	 transitions	 that	
are	 considered	HIC	 present	 the	most	 problems,	with	
12	identified	HIC-T	 that	are	considered	NHIC	(55%)	
and	 only	 six	 plots	 considered	 HIC-T	 (27%)	 were	
correctly	 identified,	 according	 to	 first	 observer’s	
diagnosis.	For	HIC	in	good	status	(HIC-F),	there	is	also	

a	tendency	to	downgrade	the	diagnosis	since	only	16	
(52%)	plots	of	HIC-F	are	 correctly	 identified	and	12	
(39%)	were	identified	as	transitions	HIC-T.	Overall,	the	
rate	of	agreement	with	the	reference	observer	was	59%	
if	 the	 difference	 between	 the	HIC	 in	 good	 condition	
and	transitions	is	taken	into	account.

The	variation	between	 the	 four	observers	 is	more	
important	since	they	correctly	identified	54%	(OBS1),	

Figure 2.	Results	of	PCoA	(MDS)	performed	on	 the	24	reference	surveys	with	positioning	of	 the	plots	 inside	 the	4	main	
clusters	and	with	indicator	species	for	each	group	as	well	as	for	the	2	main	groups	(NHIC/HIC).	Eight	species	are	typical	of	
the	NHIC	on	the	right	(Clusters	1	+	2)	and	25	species	are	more	typical	of	HIC	on	the	left	(Clusters	3	+	4).	Each	cluster	can	also	
be	further	characterized	by	sub-set	of	typical	species	corresponding	to	ecological	specifications	—	Analyse en coordonnées 
principales (ACP ou MDS) des 24 relevés de référence avec la représentation des stations dans les 4 groupes avec leurs 
espèces indicatrices respectives et les espèces indicatrices des 2 principaux sous-groupes (NHIC/HIC). Huit espèces typiques 
caractérisent les NHIC à droite (Clusters 1 + 2) et 25 espèces sont plus typiques des HIC à gauche (Clusters 3 + 4). Chaque 
groupe individuel est aussi plus spécifiquement caractérisé par un lot d’espèces liées à des variantes biologiques.

Achi_mille:	Achillea millefolium;	Alop_prate:	Alopecurus pratensis;	Anth_sylve:	Anthriscus sylvestris;	Arrh_elati:	Arrhenatherum elatius;	
Aven_pubes:	Avenula pubescens;	Bell_peren:	Bellis perennis;	Brom_erect:	Bromus erectus;	Brom_racem:	Bromus racemosus;	Card_sp.:	
Carduus	sp.;	Cent_jacea:	Centaurea jacea;	Cirs_arven:	Cirsium arvense;	Cirs_vulga:	Cirsium vulgare;	Conv_arven:	Convolvulus arvensis;	
Crep_bienn:	Crepis biennis;	Cruc_laevi:	Cruciata laevipes;	Cyno_crist:	Cynosurus cristatus;	Dact_glome:	Dactylis glomerata;	Dauc_
carot:	Daucus carota;	Fest_prate:	Festuca pratensis;	Fest_rubra:	Festuca rubra;	Fili_ulmar:	Filipendula ulmaria;	Gali_mollu:	Galium 
mollugo;	Gali_verum:	Galium verum;	Gera_disse:	Geranium dissectum;	Hera_sphon:	Heracleum sphondylium;	Holc_lanat:	Holcus 
lanatus;	Knau_arven:	Knautia arvensis;	Lath_prate:	Lathyrus pratensis;	Leon_autum:	Leontodon autumnalis;	Leuc_vulga:	Leucanthemum 
vulgare;	Loli_peren:	Lolium perenne;	Lotu_corni:	Lotus corniculatus;	Lych_flos-:	Lychnis flos-cuculi;	Myos_arven:	Myosotis arvensis;	
Pimp_major:	Pimpinella major;	Pimp_saxif:	Pimpinella saxifraga;	Plan_major:	Plantago major;	Poa	_trivi:	Poa trivialis;	Pote_repta:	
Potentilla reptans;	Ranu_acris:	Ranunculus acris;	Ranu_repen: Ranunculus repens;	Rhin_minor:	Rhinanthus minor;	Rume_aceto:	Rumex 
acetosa;	Rume_acets:	Rumex acetosella;	Rume_crisp:	Rumex crispus;	Sang_minor:	Sanguisorba minor;	Sene_jacob:	Senecio jacobaea;	
Tara_sp.:	Taraxacum	sp.;	Trag_prate:	Tragopogon pratensis;	Trif_repen:	Trifolium repens;	Tris_flave:	Trisetum flavescens;	Vero_chama:	
Veronica chamaedrys;	Vici_hirsu:	Vicia hirsuta;	Vici_sativ:	Vicia sativa.
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54%	 (OBS2),	 71%	 (OBS3)	 and	 57%	 (OBS4)	 of	 the	
biotopes.

Overall,	15	out	of	53	HIC	(28%)	and	7	out	of	40	
(18%)	have	not	been	identified	as	such.

3.3. Variability of phytosociological surveys

Multivariate	analysis	of	117	surveys	shows	(Figure 3)	
a	 strong	 opposition	 on	 the	 first	 axis	 of	 the	 principal	
coordinate	analysis	between,	on	one	hand,	 the	highly	
degraded	 plots	 (group	1)	 and,	 on	 the	 other	 hand,	 the	
other	hay	meadows,	even	 the	explained	variability	 is	
relatively	low	(11%).	The	first	group	is	characterized	by	
a	series	of	species	typical	of	a	marked	deterioration.	On	
the	second	axis,	there	is	a	gradient	of	increasing	quality	
from	the	bottom	to	the	top	with	surveys	characterized	
by	 less	 and	 less	 indicator	 species	 of	 eutrophication	
(typical	of	group	2).

3.4. Sources of variability

Non respect of determination criteria.	As	 raw	data	
from	surveys	conducted	in	the	field	are	available,	we	
can	compare	the	diagnosis	made	by	the	four	observers	
for	 the	 22	surveys	 that	 do	 not	 correspond	 to	 the	
evaluation	made	by	the	first	observer.	For	NHIC	defined	
by	 observer	1,	 the	 other	 four	 observers	 identified	 7	
out	 of	 40	 as	 HIC	 (Table 1).	 In	 five	 of	 seven	 cases,	
records	 do	 not	 actually	 allow	 to	 characterize	 these	
habitats	as	HIC	because	even	if	the	number	of	species	

Figure 3.	Principal	coordinate	analysis	(PCoA)	of	117	surveys	conducted	by	all	observers	and	partitioned	into	four	groups	
with	indicator	species	to	interpret	the	structure	—	Analyse en coordonnées principales des 117 relevés réalisés par tous les 
observateurs et partition en quatre groupes avec les espèces indicatrices pour en interpréter la structure.
Meaning	of	the	abreviations	of	the	plants	—	signification des abréviations des plantes:	see	figure 2 —	voir	figure 2.
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Table 1.	 Summary	 of	 the	 numbers	 of	 identifications	
of	 HIC	 (Habitats	 of	 Community	 Interest)	 (F	 =	 hay	
meadows	 and	T	=	 transitions)	 and	NHIC	 (Habitats	Non	
of	 Community	 Interest)	 —	 Synthèse de l’identification 
des HIC (Habitats d’intérêt communautaire) (F = pré de 
fauche et T = transition) et NHIC (habitats sans intérêt 
communautaire).

Identification Observer 1 (reference observer)
HIC-F HIC-T HIC NHIC All

Obs 2 to 5 HIC-F 16 		4 20 		1 21
HIC-T 12 		6 18 		6 24
HIC 28 10 38 		7 45
NHIC 		3 12 15 33 48
All 31 22 53 40 93
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is	greater	than	or	equal	to	three,	the	ratio	
of	the	total	cover	occupied	by	all	indicator	
species	 standardized	 to	 100%	 is	 well	
below	 10%.	 In	 one	 case,	 the	 proportion	
of	 the	 cover	 of	 characteristic	 species	
before	 standardization	 to	 100%	 actually	
exceeded	 10%.	 The	 only	 case	 where	
the	 statement	 encoded	 justifies	 a	 HIC	
is	 actually	 questionable	 as	 an	 indicator	
species	 (Rhinanthus minor)	 is	 identified	
with	a	code	Braun-Blanquet	“2b”	(20%),	
while	other	observers	have	not	given	that	
a	code	“+”	(0.2%)	or	“1”	(2.5%).	This	is	
probably	an	encoding	error.

For	 the	HIC-F	defined	by	observer	1,	
the	other	four	observers	identify	only	3	of	
the	31	surveys	as	being	NHIC	(Table 1).	
In	 two	of	 these	 three	cases,	 the	 rules	are	
respected	 because	 the	 statements	 made	
do	 not	 make	 it	 possible	 to	 characterize	
habitats	 HIC,	 and	 in	 the	 third	 case	 the	
cover	 is	 just	above	 the	 threshold	of	30%	
(product	 of	 the	 number	 of	 by	 species	
recovery).	 For	 the	 HIC-T	 defined	 by	
the	 observer	1,	 the	 other	 four	 observers	
identified	 12	 out	 of	 22	surveys	 as	 being	
NHIC	(Table 1).	In	8	cases	out	of	12	raw	
data	 analysis	 confirms	 this	 diagnosis.	 In	
four	other	cases,	the	analysis	of	the	survey	
should	have	easily	lead	to	HIC	qualification	as	the	data	
meet	the	criteria,	even	before	standardization	to	100%.	
The	distribution	of	the	22	differences	between	the	four	
other	observers	with	observer	1	is	very	balanced	as	it	is	
between	five	and	six
for	each	of	them.

Overall,	 of	 the	 22	issues	 identified,	 10	surveys	
(NHIC	5,	 1	HIC-F	 and	 4	HIC-T)	 should	 have	 been	
classified	 quite	 easily	 by	 following	 the	 rules	 defined	
(minimum	 of	 three	 characteristic	 species	 and	 more	
than	 10%	 of	 area	 occupied	 by	 these	 species).	 In	 the	
other	 11	cases,	 data	 surveys	 lead	 to	 a	 qualification	
that	does	not	match	that	of	 the	first	observer.	Among	
the	 other	 12	statements	 that	 could	 not	 be	 corrected	
by	 a	 strict	 application	 of	 the	 thresholds	 (see	 details	
in	 the	 “Supporting	 Information”	 section),	 2	 relate	
to	 situations	 where	 the	 number	 and	 the	 cover	 of	
characteristic	 species	 were	 already	 very	 close	 to	
the	 threshold	 before	 calibration	 to	 100%	 cover	 and	
were	 re-classified	 as	NHIC	after	 calibration	due	 to	 a	
significant	overestimation	(>	200%)	of	the	total	cover	
rate	survey	(F06_O5	and	T06_O5).	The	other	10	cases	
are	discussed	in	the	two	following	paragraphs.

Detection of characteristic species. Figure 4	 shows	
the	 relationship	 between	 the	 relative	 frequency	 of	
species	in	93	records	of	four	observers	and	the	relative	

frequency	 of	 common	 identification	 with	 the	 first	
observer.	 Clearly	 the	more	 a	 species	 is	 common	 the	
more	it	is	observed	by	different	observers,	suggesting	
a	fairly	random	process.	Some	species	such	as	Daucus 
carota,	Rhinanthus minor,	Crepis	biennis	are	slightly	
better	 detected	 while	 Leontodon autumnalis	 or	
Leucanthemum vulgare	 are	 less,	 but	 the	 differences	
are	small	because	the	regression	is	largely	significant	
(R2	=	87.5%).

Examination	of	the	table 2	calls	for	the	following	
comments.	Several	species	are	far	more	often	detected	
by	 observer	1	 than	 by	 other	 observers.	 Regarding	
L. autumnalis	and	C. biennis,	 it	 is	possible	 that	some	
observers	confused	these	two	species	as	they	are	very	
similar	in	the	vegetative	stage.	This	detection	problem	
explains	6	of	the	12	surveys	that	have	not	received	the	
same	 diagnosis	 from	 the	 four	 observers	with	 respect	
to	 the	observer	1	 and	which	 are	not	 due	 to	 improper	
application	 of	 rules	 (F08_O2,	 F08_O3,	 T04_O2,	
T04_O3,	and	T04_O4	T04_O5).

Variability of cover estimates. Table 3	 shows	 that	
overall,	 55%	 of	 cover	 assessments	 are	 the	 same	
for	 observer	1	 and	 the	 other	 four	 observers.	 Fairly	
clear	 differences	 were	 observed	 for	 some	 species	
that	 tend	 to	 be	 underestimated	 by	 the	 four	 observers	
(H. sphondylium	 and	 R. minor)	 or	 overestimated	
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Figure 4.	Relationship	between	the	frequency	of	characteristic	species	in	
the	 surveys	and	 the	 frequency	of	 common	 identification	between	OBS1	
and	other	observers	—	Relation entre la fréquence des espèces dans les 
relevés et la fréquence d’identification commune entre l’OBS1 et les autres 
observateurs.

Anth_sylve:	Anthriscus sylvestris;	Arrh_elati:	Arrhenatherum elatius;	Aven_
pubes:	Avenula pubescens;	Cent_jacea:	Centaurea jacea;	Crep_bienn:	Crepis 
biennis;	Dauc_carot:	Daucus carota;	Gali_mollu:	Galium mollugo;	Hera_sphon:	
Heracleum sphondylium;	Knau_arven:	Knautia arvensis;	Leon_autum:	Leontodon 
autumnali;	Leuc_vulga:	Leucanthemum vulgare;	Pimp_major:	Pimpinella major;	
Rhin_minor:	Rhinanthus minor;	Trag_prate:	Tragopogon pratensis.
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(A. sylvestris,	C. jacea,	C. biennis).	In	addition,	a	large	
variability	in	the	estimated	cover	rate	of	Arrhenatherum 
elatius	 is	 observed	 since	 only	 42%	 of	 the	 values	 are	
identical	to	those	of	the	reference	observer.

However,	with	 60	 under-estimations	 and	 68	 over-
estimations,	85%	of	the	differences	relate	to	differences	
of	one-class	variations	and	59%	of	the	128	differences	
are	 due	 to	 variations	 between	 “+”	 and	 “1”	 Braun-
Blanquet	 classes.	This	 cover	 rate	 problem	 explains	 4	
of	the	12	surveys	that	did	not	have	the	same	diagnosis	
from	the	four	observers	with	respect	to	the	observer	1	
and	which	are	not	due	to	improper	application	of	rules	
(D01_O3,	T05_O3,	and	T05_O5	T06_O2).

Variability in sampling effort.	 A	 Poisson	 analysis	
(GLM)	 used	 to	 compare	 observers	 indicates	 (not	
presented	 here)	 that	 the	 reference	 observer	 saw	more	
species	 on	 average	 than	 the	 other	 four	 observers,	 but	
this	difference	was	significant	only	for	observers	2	and	
3	 (significance	 level	<	0.001).	As	 regards	 the	number	
of	 characteristic	 species,	 none	 of	 the	 differences	 is	
significant.	 The	 additional	 effort	 (approximately	
+	30%	 of	 the	 time	 spent	 on	 a	 plot)	 by	 the	 reference	
observer	therefore	is	not	manifested	significantly	for	all	
parameters	and	compared	with	four	other	observers.

But	 it	 emerged	 from	 several	 sequenced	 surveys	
(not	presented	here)	that	the	standard	error	in	assessing	
the	 theoretical	 number	 of	 characteristic	 species	 on	 a	
plot	was	 lower	when	 the	 survey	was	 stopped	 after	 at	
least	 two	consecutive	periods	of	five	minutes	without	
detection	of	a	new	characteristic	species.

4. DISCUSSION

As	 mentioned	 in	 the	 introduction,	 any	 study	 whose	
aims	 are	 to	 describe	 and	 to	 compare	 vegetation	
involving	several	observers	is	accompanied	by	a	certain	
dose	 of	 variability	 that	 should	 be	 quantified	 before	
drawing	any	conclusions	on	the	comparison	of	records	
(Hope-Simpson,	1940;	Moore	et	al.,	1970;	Leps	et	al.,	
1992;	Keating	et	al.,	1998;	Joint	Nature	Conservation	
Committee,	 2004;	 Vittoz	 et	 al.,	 2007).	 The	 first	 step	
of	this	study	was	to	validate	the	typology	used	for	the	
24	plots	and	further	used	as	a	reference	when	comparing	
the	observers.	A	second	step	was	to	identify	and	quantify	
the	sources	of	variability	of	the	four	main	observers	with	
respect	 to	 the	first	observer.	Overall,	 the	most	 typical	
HIC	plots	have	been	identified	in	72%	of	cases	and	the	
most	 degraded	 ones	 (NHIC)	 in	 83%	 compared	 with	
observer	1.	Regarding	transition	habitats	(HIC-T),	only	
27%	are	evaluated	as	such	by	the	other	four	observers.	
Observers	therefore	tend	not	to	overestimate	the	quality	
of	a	habitat	as	there	are	two	times	more	underestimations	
of	 the	quality	of	 the	habitats.	The	main	causes	of	 this	
variability	are	discussed	below.

1.	The	 examination	 of	 the	 consistency	 between	 the	
botanical	surveys	and	the	habitat	code	given	by	the	
observers	 has	 shown	 that	 they	 have	 regularly	 not	
respected	 the	 criteria	 when	 classifying	 the	 habitat	
as	 a	HIC	 or	 a	HNIC	 in	 plots	 of	 transition	 habitat	
(discordant	diagnoses	in	22	surveys	whereas	ten	of	
them	 should	 have	 been	 diagnosed	 correctly	 if	 the	
criteria	had	been	respected).

	 	 Two	 cases	 of	 the	 12	surveys	 relate	 to	 cases	 when	
the	 values	 of	 the	 parameters	 (number	 and	 cover	
rate	 of	 characteristic	 species)	 were	 very	 close	 to	
the	 theoretical	 thresholds	 and	 were	 declassified	
after	 standardization	 at	 100%	 due	 to	 an	 excessive	
overestimation	 of	 the	 total	 cover	 rate	 (>	200%).	
This	 important	 source	 of	 discrepancy	 between	 the	
observers	could	easily	be	solved	(see	below).

2.	Another	source	of	variability	is	 the	detectability	of	
the	characteristic	species.	This	problem	has	affected	
6	of	the	12	cases	of	discordance	with	the	diagnosis	
of	the	first	observer	not	attributable	to	poor	respect	
of	 the	 rules.	 Generally	 the	 more	 a	 species	 was	
common	 in	24	plots,	 the	more	 it	was	detected	and	
the	more	 the	species	was	rare,	 the	more	 it	escapes	
the	observer.	Vittoz	 et	 al.	 (2007)	 also	 showed	 that	
species	whose	cover	rate	is	less	than	0.1%	in	small	
plots	(40	m2)	are	frequently	undetected	by	observers.	
However,	other	 factors	are	also	 involved	 linked	 to	
the	very	characteristics	of	the	plant.	Leucanthemum 
vulgare	was	 significantly	 less	detected	by	 the	 four	
observers	 than	by	 the	reference	observer,	probably	
because	the	basal	leaves	are	more	difficult	to	detect	
in	the	canopy	of	a	hay	meadow	when	the	plant	is	not	
flowering.	Similarly,	Tragopogon pratensis	is	often	
present	in	the	form	of	isolated	linear	leaves	that	can	
easily	go	unnoticed	during	a	survey.	

3.	Another	 important	 source	 of	 variability	 is	 the	
assessment	of	 the	 cover	 rate	 especially	of	grasses.	
Overall,	55%	of	cover	assessments	are	identical	for	
observer	1	and	the	other	four	observers.	Even	if	 in	
the	remaining	45%,	85%	of	the	differences	concern	
only	variations	of	a	single	Braun-Blanquet	class	and	
59%	 concern	 variations	 of	 very	 low	 cover	 classes	
(“+”	and	“1”),	these	differences	can	have	a	significant	
impact	on	more	abundant	characteristic	species	such	
as	A. elatius,	C. biennis,	C. jacea,	H.	sphondylium,	
L. vulgare	and	to	a	lesser	extent	R. minor.	However,	
even	if	it	is	possible	to	reduce	the	magnitude	of	this	
factor,	 for	 example	 through	 targeted	 training	 (see	
below),	a	certain	amount	of	variability	is	inevitable	
and	should	be	kept	in	mind	when	comparing	records	
with	 the	 aim	 at	 detecting	 possible	 changes	 in	 the	
grassland	plot.	A	 similar	 study	conducted	by	Leps	
et	al.	(1992)	showed	that	only	57.5%	of	the	species	
were	recorded	with	the	same	level	of	abundance	by	
different	experts,	39.5%	of	the	species	were	recorded	
with	a	difference	of	one	degree	in	the	scale	of	Braun-
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Blanquet	and	3%	with	more	than	one	degree.	Traxler	
(1998)	found	also	that	52%	of	the	species	were	in	the	
same	class	of	abundance.	Hope-Simpson	(1940)	had	
obtained	comparable	figures	with	a	single	observer	
doing	 repeated	 surveys	 on	 a	 series	 of	 plots	 and	
Vittoz	et	al.	(2007)	obtained	coefficients	of	variation	
between	 eight	 observers	 from	 more	 than	 50%	 on	
plots	measuring	40	m2.

4.	A	last	important	factor	is	due	to	the	prospection	effort.	
Several	 sequenced	 surveys	 suggest	 that	 when	 an	
observer	deliberately	delivers	a	greater	prospection	
effort	than	“in	routine”,	this	produces	a	slight	positive	
effect	(in	terms	of	total	species	richness)	for	two	of	
the	four	other	observers,	but	has	no	significant	effect	
as	regards	the	number	of	characteristic	species.

Other	sources	of	variability	have	been	identified	and	
even	if	their	impact	is	likely	to	be	lower,	they	must	also	
be	taken	into	account	in	order	to	improve	the	quality	of	
surveys:	the	size	of	the	plot,	the	natural	fluctuations	in	
abundancy	between	years	(Swaine	et	al.,	1980;	Smith	
et	al.,	1985)	and	errors	made	during	field	transcription	
and	during	encoding	(in	our	study	34	duplicates	were	
detected	for	a	total	of	7,431	species	encoded).

5. SOLUTIONS AND CORRECTIVE 
MEASURES

In	 a	 logical	 sequence	of	 improvement	of	 the	 surveys	
from	the	protocole	to	the	field	survey	itself,	we	suggest	
the	following	solutions	and	corrective	measures:
1.	To	reduce	the	variability	of	botanical	data	collected	
(characteristic	species	not	of	falsely	detected,	variable	
cover	 rate),	 new	 field	 training	 should	 be	 provided	
to	 experts	 in	 charge	 of	 the	 surveys	 targeting	 the	
evaluation	of	cover	rate	assessment	(in	particular	for	
grasses	as	well	as	more	difficult	species	to	identify	
correctly	 like	 the	 yellow	 Asteraceae).	 However,	
it	 is	 necessary	 to	 keep	 in	 mind	 that	 even	 if	 these	
problems	can	be	improved	through	inter-calibration	
between	 experts,	 it	 is	 well	 known	 that	 this	 factor	
is	 impossible	 to	 control	 completely	 (Leps	 et	 al.,	
1992).	It	 therefore	seems	reasonable	 to	consider	 in	
the	future	that	 there	is	a	true	degradation	of	a	HIC	
(6,510)	only	if	there	is	a	decrease	in	the	cover	rate	of	
all	characteristic	species	by	a	minimum	of	10%.	This	
figure	is	to	be	compared	with	the	recommendations	
of	the	Joint	Nature	Conservation	Committee	(2004)	
which	 declares	 a	 meadow	 as	 “degraded”	 between	
two	 statements	 when	 the	 species	 characteristic	 of	
degradation	 have	 collectively	 increased	by	 at	 least	
10%	of	the	global	cover.

2.	Since	 it	 is	 very	 likely	 that	 some	 of	 the	 variation	
in	 the	assessments	of	 the	cover	 rate	come	from	an	
incomplete	running	through	some	plots	(the	largest	

plots	are	the	most	vulnerable	to	this	type	of	error),	it	
should	be	advisable	to	divide	virtually	plots	over	1	ha	
(indicative	figure)	 and	make	 two	or	more	 separate	
surveys	specifying	the	respective	areas	inventoried.

3.	Regarding	the	cases	when	there	was	no	consistency	
between	 the	 botanical	 survey	 and	 the	 WalEUNIS	
code	given	by	 an	observer,	 it	 appears	 that	 a	 quick	
calculation	in	the	field	when	taking	notes	(calculating	
the	number	of	characteristic	species	and	their	cover	
rate)	 would	 greatly	 reduce	 the	 number	 of	 cases	
where	the	observer	gives	a	Waleunis/EUR_15	code	
that	does	not	match	his	botanical	record.	This	quick	
calculation	 is	also	suggested	 to	avoid	 the	 tendency	
to	overestimate	the	total	cover	rates	leading	in	some	
cases	to	a	downgraded	diagnosis.	A	quick	check	of	
the	 total	 coverage	 noted	 at	 the	 time	 of	 the	 survey	
would	make	sure	that	this	sum	is	between	100	and	
150%	and	if	possible	does	not	exceed	120%,	which	
in	most	cases,	corresponds	more	to	reality.

4.	Another	 lesson	 learned	 from	 these	 tests	 is	 that	 the	
survey	effort	was	often	inadequate.	Even	if	detecting	
and	identifying	all	species	present	on	a	spot	station	
is	 illusory	 and	 unproductive	 (Nilsson	 et	 al.,	 1985;	
Keating	et	al.,	1998),	it	is	still	essential	to	compare	the	
numbers	of	characteristic	species	on	a	similar	basis	
using	a	reasonable	prospection	effort.	We	evaluated	
that	a	survey	of	30	min	allows	in	most	cases	for	95%	
of	 the	 characteristic	 species	 in	 plots	 of	 reasonable	
size	(about	1	ha).	An	important	instruction	to	give	to	
all	experts	would	be	to	not	stop	a	survey	until	no	new	
characteristic	species	has	been	detected	for	at	 least	
two	consecutive	periods	of	5	min,	which	corresponds	
to	a	“plateau”	of	three	points	on	the	curve	theoretical.	
In	 this	 respect	Klimes	 et	 al.	 (2001)	 estimated	 that	
a	 single	 period	 of	 at	 least	 5	min	without	 detection	
of	new	species	during	surveys	conducted	on	much	
smaller	surfaces	was	sufficient	(0.25	to	4	m2).	It	must	
be	stressed	however	that	precautions	must	be	taken	
when	 interpreting	 the	 theoretical	 values	 generated	
by	 these	 theoretical	 models	 because	 other	 factors	
may	 influence	 these	estimates,	such	as	 the	 level	of	
expertise	 of	 each	 observer,	 species	 detectability	 in	
relation	to	the	stage	of	vegetation,	and	the	size	and	
heterogeneity	of	the	plot	(Kéry	et	al.,	2008).

5.	To	 avoid	 encoding	 “duplicates”	 an	 automatic	
checkhas	 been	 programmed	 (by	 Yvan	 Barbier)	 in	
the	 database	 that	 signals	 to	 the	 encoder	 a	 possible	
duplicate.	

Finally,	as	regards	the	monitoring	(every	six	years),	
we	recommend,	based	on	what	has	been	exposed	above:
–	to	 work	 as	 much	 as	 possible	 with	 the	 same	 group	
of	 observers	 (whose	 potential	 biases	 have	 been	
assessed);

–	when	 surveying	 plots,	 to	 take	 along	 old	 records,	
assuming	 that	 they	 can	 be	 considered	 almost	
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exhaustive,	 in	 order	 to	 detect	 an	 actual	 potential	
decline	in	the	quality	of	the	plot	(Leps	et	al.,	1992).
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