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Abstract
Questions: Two	scientific	disciplines,	vegetation	science	and	weed	science,	study	arable	
weed	vegetation,	which	has	seen	a	strong	diversity	decrease	in	Europe	over	the	last	dec-
ades.	We	compared	two	collections	of	plot-	based	vegetation	records	originating	from	
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1  |  INTRODUC TION

Surveying	weed	vegetation,	also	called	segetal or arable vegetation, has 
a	long	tradition,	especially	in	Europe.	Phytosociologists	were	the	first	
to conduct surveys in and around arable fields, aiming to classify plant 
communities and describe the spatial and temporal variability of those 
plant	communities.	Examples	from	northeastern	Germany	date	back	
to 1944, with an increasing number of surveys from the early 1960s 
(Manthey,	2003).	These	early	surveys	and	classifications	already	iden-
tified main drivers shaping species composition in fields, associated 
with	 site	 conditions	 (climate,	 soil	 type	 and	 pH)	 or	 crop	 types	 (e.g.,	
cereals	vs	 row	crops)	as	well	 as	management	 (overview	 in	Hüppe	&	
Hofmeister,	1990).

A	 deeper	 insight	 into	 how	 field	 management	 influences	 ar-
able weed vegetation was initiated around the 1980s and 1990s 
through	 research	 coming	 from	 an	 agronomic	motivation	 (Hanzlik	
&	Gerowitt,	2016).	Weed	scientists	 initiated	surveys	as	a	comple-
ment	 to	 field	 experiments	 as	 surveys	 allow	 to	 cover	 large	 spatial	
scales	with	a	wider	range	of	environmental	conditions	(Andersson	
&	Milberg,	1998;	Salonen,	1993).	They	aimed	to	understand	weed	
species occurrence and community composition in relation to cer-
tain	 cropping	practices.	The	agronomic	purposes	of	 such	 surveys	

were to identify important and emerging weed species or shifts in 
community	 composition	 caused	 by	 changes	 in	 land-	use	 practices	
or	 climate	 and	 different	 tolerances	 to	 herbicides.	 A	 decade	 later,	
there	was	a	growing	interest	to	promote	agro-	ecological	weed	man-
agement approaches for a better balance of production, ecosystem 
services provided by weeds and the preservation of rare species 
(Storkey	&	Westbury,	2007).

As	a	result,	there	are	currently	two	scientific	disciplines	holding	
data	on	arable	vegetation	 in	Europe:	vegetation	science	and	weed	
science.	 They	 overlap	 in	 parts	 of	 their	 scientific	 scope	 (Figure	 1),	
but	 joint	 research	 is	 rare.	 Sometimes,	 publications	 find	 their	 way	
into	the	other	domain.	This	has	become	much	easier	since	the	dawn	
of the digital era with large, easily searchable literature databases, 
open	access	and	scientific	networks	expanding	online	(e.g.,	Dengler	
et	al.,	2011).	Nevertheless,	only	a	few	research	groups	bridge	both	
disciplines.

Another	development	facilitated	 in	the	digital	era	 is	 the	collec-
tion	of	formerly	disparate	data	sets	in	large	databases	and	networks	
like	GBIF	for	species	occurrence	data	(GBIF:	The	Global	Biodiversity	
Information	 Facility,	 2020),	 TRY	 for	 plant-	trait	 data	 (Kattge	 et	 al.,	
2020),	the	CESTES	database	for	combined	species,	trait	and	environ-
ment	data	(Jeliazkov	et	al.,	2020),	or	EVA	and	sPlot	for	vegetation-	plot	
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these	two	disciplines.	The	aim	was	to	check	the	suitability	of	the	collections	for	joint	
analysis	and	for	addressing	research	questions	from	the	opposing	domains.	We	asked:	
are these collections complementary? If so, how can they be used for joint analysis?
Location: Europe.
Methods: We	compared	13	311	phytosociological	relevés	and	13	328	records	from	
weed science, concerning both data collection properties and the recorded species 
richness.	To	deal	with	bias	in	the	data,	we	also	analysed	different	subsets	(i.e.,	crops,	
geographical	regions,	organic	vs	conventional	fields,	center	vs	edge	plots).
Results: Records from vegetation science have an average species number of 
19.0 ±	10.4.	Metadata	on	survey	methodology	or	agronomic	practices	are	rare	in	this	
collection. Records from weed science have an average species number of 8.5 ± 6.4. 
They	are	accompanied	by	extensive	methodological	information.	Vegetation	science	
records	and	the	weed	science	records	taken	at	field	edges	or	from	organic	fields	have	
similar	species	numbers.	The	collections	cover	different	parts	of	Europe	but	the	re-
sults	are	consistent	in	six	geographical	subsets	and	the	overall	data	set.	The	difference	
in species numbers may be caused by differences in methodology between the disci-
plines,	i.e.,	plot	positioning	within	fields,	plot	sizes,	or	survey	timing.
Conclusion: This	comparison	of	arable	weed	data	that	were	originally	sampled	with	
a different purpose represents a new effort in connecting research between vegeta-
tion	scientists	and	weed	scientists.	Both	collections	show	different	aspects	of	weed	
vegetation, which means the joint use of the data is valuable as it can contribute to a 
more	complete	picture	of	weed	species	diversity	in	European	arable	landscapes.

K E Y W O R D S
agriculture,	arable	weeds,	Arable	Weeds	and	Management	in	Europe	data	collection,	European	
Weed Vegetation database, phytosociology, segetal plants, species richness, vegetation 
survey,	vegetation-	plot	data,	weed	survey
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data	from	Europe	(Chytrý	et	al.,	2016)	and	globally	(Bruelheide	et	al.,	
2019).	 These	 collections	 have	 enabled	 research	 on	 a	 much	 larger	
geographical	scale	than	before,	mainly	by	making	primary	research	
data	easier	to	access	and	to	re-	use	(Chytrý	et	al.,	2014).

The	need	for	biodiversity	monitoring	(status	quo	and	trends)	has	
also	been	 recognised	 for	 arable	 landscapes	 (Hurford	 et	 al.,	 2020),	
which have seen the strongest decrease in diversity and population 
sizes	of	individual	species	compared	to	other	habitats	in	Europe	over	
the	 last	 decades	 (Eichenberg	 et	 al.,	 2021;	 Leuschner	&	 Ellenberg,	
2017).	This	need	has	spurred	the	development	of	efficient	sampling	
schemes	 (Wietzke	&	Leuschner,	 2020),	 but	 also	 a	 call	 for	 an	 inte-
grative data culture using data from disparate sources and involving 
stakeholders	(Kühl	et	al.,	2020).

In	 this	 paper,	 we	 report	 on	 two	 collections	 of	 vegetation-	plot	
data	that	were	assembled	to	make	records	of	weed	vegetation	vis-
ible	 and	 available	 for	 further	 analysis.	 These	 collections	 broadly	
originate from the two scientific disciplines concerned with weed 
vegetation	mentioned	 earlier.	 This	 is	most	 notable	 from	 the	 bod-
ies	 that	helped	 to	mobilise	 the	data:	 the	 International	Association	
for	Vegetation	Science	 (http://iavs.org),	 through	 its	working	group	
European Vegetation Survey	(EVS)	and	the	European Vegetation Archive 
(EVA)	database,	on	the	one	hand	and	the	European	Weed	Research	
Society	 (https://ewrs.org),	 through	 its	 working	 group	 Weeds and 
Biodiversity, on the other.

Records	 of	 arable	 weed	 vegetation	 in	 EVA	 date	 back	 to	 the	
1930s but have very little associated information regarding the 
agricultural	 background	 of	 the	 surveyed	 fields	 or	 metadata	 on	
sampling	methodology.	 In	 contrast,	 the	weed	 science-	based	 col-
lection holds data starting from the 1990s but is accompanied by 
extensive	management	information	and	detailed	metadata	of	sur-
vey methods.

In	this	paper,	we	aim	to	check	the	suitability	of	 the	collections	
for joint analysis and for addressing research questions from the 
opposing	domains.	The	paper	is	structured	into	three	parts:	(1)	de-
scription of the collections and comparison on a qualitative level, 
(2)	basic	comparative	statistical	analysis	of	both	collections,	and	(3)	
exploration	of	whether	the	two	collections	are	complementary	and	
how they can be used for potential joint analyses.

2  |  MATERIAL AND METHODS

2.1  |  Terms and definitions

Plot-	based	 vegetation	 data	 are	 lists	 of	 all	 (vascular)	 plant	 species	
recorded	 from	 a	 discrete	 area	 of	 variable	 size	 with	 a	 measure	 of	
each	 species’	 abundance	 (Braun-	Blanquet,	 1964;	 du	 Rietz,	 1936).	
However, details of the sampling scheme might differ significantly 
between	studies.	Plots	differ	in	size	and	shape.	On	arable	land,	plots	
originate either from the field core, i.e., the inner field with some 
distance	to	the	field's	boundary	(Figure	2),	from	the	field edge, i.e., 
next	to	the	boundary	of	the	cultivated	area,	or	from	the	 field mar-
gin, which is usually outside of the cultivation area, but immediately 
adjacent	to	the	field	boundary	(grass	margins,	field	strips	etc.).	The	
vegetation data are accompanied at least by a description of the field 
location and sampling year, but surveyors may also record a number 
of site characteristics, e.g., soil pH, slope, altitude or crop species.

In this paper, we use the following terminology to distinguish be-
tween observation units: a field is a distinct parcel of land and usually 
the	smallest	unit	of	a	farmer's	management	(Figure	2).	Within	a	field	or	
field parts, the surveyor places one or several plots, i.e., distinct small 
areas	on	which	the	actual	vegetation	is	recorded.	Each	time	the	vege-
tation is recorded, this is called a plot observation. When compiling a 
database, each line or record corresponds to one observation, which 
can be identified by field ID, possibly field part attribute, plot ID and 
observation	date.	Observations	may	be	 aggregated	 to	 a	higher-	level	
observation	unit,	for	example,	by	summing	up	all	the	observations	from	
the same field or field part; the aggregated data are also called records.

2.2  |  Data collection: weed vegetation 
subset of the European Vegetation Archive (EVA- W)

This	data	collection	was	obtained	from	the	EVA	(Chytrý	et	al.,	2016),	
which includes the European Weed Vegetation Database	(GIVD	ID	EU-	
00-	028;	Küzmič	et	al.,	2020)	and	several	other	databases	with	plot	
observations	of	weed	vegetation.	The	plots	from	EVA	were	first	se-
lected	using	the	expert	system	based	on	species	lists	characterising	

F I G U R E  1 Overlap	between	the	objectives	of	vegetation	science	and	weed	science	in	arable	landscapes

http://iavs.org
https://ewrs.org
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weed	vegetation	classes	from	EuroVegChecklist	(Mucina	et	al.,	2016).	
Plots assigned to the classes Papaveretea rhoeadis, Chenopodietea, 
Sisymbrietea and Digitario sanguinalis-	Eragrostietea minoris were 
retained.

The	data	 stored	 in	 the	EVA	come	 from	various	 sources,	 e.g.,	
scientific papers, technical reports, monographs, doctoral theses 
and	final	projects	of	students	such	as	master	theses.	The	selected	
data sets either come from studies of several different vegetation 
types including weed vegetation, or studies focussing on a se-
lected crop type or area with weed vegetation as the main subject. 
Since	the	main	aim	in	many	of	these	studies	was	the	floristic	and	
ecological	characterisation	of	plant	communities	(Braun-	Blanquet,	
1964),	usually	well	developed	and	species-	rich	communities	were	
recorded.	The	metadata	(e.g.,	crop	type,	plot	position	in	the	field,	
georeference	or	record	date)	are	often	missing	either	because	such	
data were not recorded in the original publication or not digitised.

Because	 the	 records	with	weed	vegetation	were	 selected	 from	
EVA	 according	 to	 the	 occurring	 species	 and	 species	 communities,	
they	could	also	originate	 from	non-	arable	sites	with	 ruderal	or	dis-
turbed	 vegetation.	 For	 the	 comparison	 to	 the	 Arable	 Weeds	 and	
Management	 in	Europe	 (AWME)	data	 collection,	we	wanted	 to	 re-
strict the selection to plots that originated from arable sites. We 
therefore performed a second selection step and identified the plots 
from	arable	 land	either	 from	 specific	 keywords	 in	 the	 location	de-
scription	(i.e.,	‘cereals’,	‘rye	field’)	or	when	the	species	list	included	a	
crop species with a cover class >2	on	the	Braun-	Blanquet	scale.	We	
added	a	georeference	to	approximately	400	records	which	only	had	a	
description	of	their	location	via	geocoding.	Afterwards,	we	limited	the	
data	set	to	georeferenced	plots	and	excluded	a	small	number	of	plots	

with longitudes >39°E	(Russia)	due	to	the	scarcity	of	data	in	this	re-
gion.	Finally,	we	only	used	records	dating	from	1980	onwards	to	make	
the	time	periods	of	both	data	collections	more	comparable.	Species	
abundance was transformed to presence/absence data. Within our 
study,	we	use	the	abbreviation	EVA-	W	(weed subset of EVA)	for	this	
data	set.	Details	on	the	used	data	sets	can	be	found	in	Appendix	S1.

2.3  |  Data collection: Arable Weeds and 
Management in Europe (AWME)

Arable Weeds and Management in Europe	(GIVD	ID	EU-	00-	033;	Bürger	
et	al.,	2020)	is	a	collection	of	vegetation-	plot	data	created	through	
a	call	to	members	of	the	Working	Group	Weeds and Biodiversity of 
the	European	Weed	Research	Society	in	June	2019.	The	aim	of	this	
initiative	was	to	make	the	data	visible	and	more	readily	available	for	
further	research.	We	received	36	data	sets	of	weed	surveys	(for	de-
tails	 see	Appendix	 S2)	 conducted	between	1996	 and	2018.	 Some	
of	 them	have	not	been	previously	published.	Temporal	and	spatial	
scales vary strongly between the data sets, with study periods be-
tween	1	and	15	years	 long	and	 spatial	 extents	of	 the	 study	areas	
varying	from	less	than	1000	ha	up	to	national	surveys.	Nearly	all	re-
cords are georeferenced. However, in two data sets, the coordinates 
were	assigned	based	on	the	settlement	rather	than	the	exact	field	
location to respect an anonymity agreement with the field owners.

We	found	a	variety	of	sampling	designs.	Some	studies	were	done	
with a narrow focus on one crop or study region, with a number of 
fields	 surveyed	 exactly	 once,	 sometimes	within	 a	 study	 period	 of	
more	than	one	year.	Other	studies	were	more	complex.	Some	vis-
ited	the	same	field	more	than	once.	Other	studies	took	samples	in	
various	parts	of	the	same	fields,	for	example,	aiming	to	study	differ-
ences between field core and field edge or, more rarely, between 
plots treated with herbicides and control plots.

Most	surveys	were	carried	out	at	a	 time	of	highly	developed	
vegetation, mainly before crop harvest. Others aimed at assess-
ing the vegetation before a necessary weed control decision, or at 
assessing	the	efficacy	of	a	herbicide	treatment.	The	latter	surveys	
took	place	in	very	early	crop	development	stages,	i.e.,	few	weeks	
after crop sowing, or in spring prior to the period of rapid vege-
tation	 growth.	 To	 quantify	 the	 species	 abundance,	 studies	 used	
various forms of cover estimates, including original and modified 
scales	 by	 Braun-	Blanquet	 (1964),	 Londo	 (1976),	 Barralis	 (1976),	
Rasiņš	and	Tauriņa	(1982),	or	measured	density	by	counting	indi-
vidual plants.

Most	studies	performed	at	the	field	edge	excluded	species	before	
analysis	 that	were	 spill-	over	 from	 the	 field	margins	 (i.e.,	woody	or	
grassland	plants	that	were	not	considered	to	be	arable	species).	Field	
observations	that	recorded	no	weed	plants	(species	number	=	0)	ap-
peared in some cases where the study design included a survey after 
herbicide treatment, but were not included in the collection.

All	data	sets	were	formatted	to	uniform	spreadsheets	of	species	
data, a catalogue of field metadata and the accompanying manage-
ment	 and	 environmental	 data	 prior	 to	 assembly	 in	 combined	 text	

F I G U R E  2 Terminology	of	weed	vegetation	surveys	used	in	this	
study
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files.	 Records	were	 classified	by	 field	 part	 (core/edge/margin)	 and	
given	 a	marker	whether	weed	 control	 had	 taken	place	before	 the	
survey	(treated/untreated).

Observations made on the same date from the same field, field 
part	and	weed	control	status	were	aggregated	into	one	record.	The	
plot	size	of	the	aggregated	record	was	set	to	the	sum	of	the	origi-
nal	plots.	Species	occurrence	was	transformed	to	presence/absence	
format.	The	timing	of	the	weed	survey	was	classified	in	AWME	in	re-
lation	to	the	cropping	season	(early,	mid-		or	late	season),	which	may	
differ in calendar dates depending on the sowing time of the crop.

2.4  |  Analysis

The	plant	taxonomic	concepts	and	nomenclature	of	both	collections	
were	 unified	 according	 to	 the	 Euro+Med	 PlantBase	 (Euro+Med,	
2021).	Only	vascular	plants	were	 retained	 since	bryophytes,	 fungi	
and	algae	are	rarely	recorded	in	arable	vegetation.	Infraspecific	taxa	
were	merged	to	the	species	level.	Taxa	identified	only	to	the	genus	
level	were	kept	 in	the	 individual	 records	and	used	for	plot	species	
richness calculation but were removed for the accumulation curves 
to prevent inflation of species numbers. For individual records, we 
judged	 it	 neglectable	 if	 nested	 taxa	 (e.g.,	 both	 Chenopodium and 
Chenopodium album)	were	present	(Jansen	&	Dengler,	2010).

Some	 taxonomically	 problematic	 species	 (e.g.,	 from	 the	 gen-
era Taraxacum and Achillea)	 were	 merged	 into	 aggregates	 follow-
ing	mostly	 concepts	 in	 Euro+Med	 (2021),	 Ehrendorfer	 (1967)	 and	
Martinčič	 et	 al.	 (2007).	 If	 the	 cultivated	 crop	was	 included	 in	 the	
vegetation record, we deleted it. Volunteer crops were retained. We 
found no records duplicated in both collections.

To	 compare	 species	 richness	 between	 data	 collections,	 we	
plotted	 sample-	based	 species accumulation curves, generated by 
repeated	 accumulation	 in	 random	 order	 (Gotelli	 &	 Colwell,	 2001;	
Oksanen	et	al.,	2020;	Ugland	et	al.,	2003).

Then	we	calculated	species	number	per	record	for	both	data	col-
lections and used this measure as our unit of analysis for subsequent 
comparisons. We tested the effect of various variables on species 
number	per	record.	We	used	Kruskal–	Wallis	and	Wilcoxon	rank	tests	
to assess whether species numbers differed significantly between 
groups	 (regarding	data	collection,	crop,	weed	control	 treatment	or	
survey	date).	The	effect	of	plot	size	on	species	number	per	record	
was	 tested	 by	 linear	 log–	log	 regression,	 followed	 by	 an	 ANOVA.	
The	 correlation	 of	 species	 number	 and	 latitude	 was	 tested	 using	
Spearman's	rank	correlation	coefficient.

The	continental-	scale	data	collection	comprises	large	gradients	
in	environmental	conditions	like	climate	and	soils.	These	correspond	
to	differences	in	the	cultivated	crops	(species	and	management	sys-
tems)	 and	 the	 associated	 weed	 species	 pools.	 The	 environmental	
gradients and the regionally adapted management introduce vari-
ability in the data sets, which may impede the analysis of causal rela-
tionships, e.g., between crop type and species number. Furthermore, 
the sampling density in geographical space differs significantly in 
both data collections.

Although	most	 of	 these	 challenges	 could	 be	met	 by	 advanced	
statistical methods in a study aiming at deeper analysis, we chose 
here	a	 relatively	simple	approach.	To	account	 for	 the	bias,	we	use	
smaller geographical subsets for comparisons additionally to the 
overall	data	 sets.	These	subsets	within	 two	data	collections	cover	
either the same or adjacent geographical areas with similar sampling 
densities.	The	subsets	have	the	advantage	of	more	similar	cropping	
systems,	environment	and	agricultural	cropping	history	which	makes	
comparisons	easier.	For	each	of	six	regions,	we	present	species	accu-
mulation curves and the comparison of species numbers per record 
in different crops.

Data preparation, geocoding and analysis were performed using 
the	statistical	software	environment	R	4.0.4	(R	Core	Team,	2021).

3  |  RESULTS

3.1  |  Quantitative description

Arable	Weeds	and	Management	in	Europe	contains	more	than	twice	
as	many	records	as	the	EVA-	W,	but	the	AWME	records	originate	from	
a	 lower	 number	 of	 distinct	 locations.	 For	many	 fields,	 the	AWME	
contains	more	than	one	record,	for	example	from	repeated	visits	to	
the	 same	 field.	The	 ratio	of	 records	 to	distinct	 geographical	 coor-
dinates	 is	2:1	 in	EVA-	W	and	6:1	 in	AWME.	 In	EVA-	W,	coordinates	
are often assigned to records according to the locality description; 
therefore, different fields of the same settlement can have the same 
coordinates.	In	AWME,	some	studies	—		as	mentioned	before	—		have	
repeated records from the same fields.

The	 two	 data	 collections	 cover	 different	 parts	 of	 Europe	
(Figure	3a).	There	are	countries	for	which	both	collections	contrib-
ute records, but largely the distribution of plots is largely comple-
mentary	 between	 the	 collections.	 Strongholds	 of	 vegetation-	plot	
data	 collections	 like	 the	 Netherlands	 and	 the	 Czech	 Republic	 are	
very	well	covered	in	EVA-	W.	Countries	with	large	agricultural	areas	
like	Germany	and	France	feature	highly	in	the	AWME	but	with	few	
records	 in	 EVA-	W.	 Restricting	 the	 time	 span	 of	 EVA-	W	 to	 plots	
surveyed beginning in 1980 substantially lowered the coverage in 
Spain,	Austria,	Switzerland,	Poland	and	Serbia,	when	compared	 to	
the	potentially	available	records	in	the	EVA.

The	EVA-	W	collection	contains	nearly	twice	as	many	species	as	
the	AWME	collection	(Figure	3b).	The	increase	of	the	species	accu-
mulation	curve	is	steeper	and	higher	for	EVA-	W.	This	corresponds	to	
the	number	of	rarely	recorded	species:	about	1200	taxa	in	EVA-	W	
are	included	in	less	than	10	records,	compared	to	550	taxa	in	AWME	
(Table	1).	The	majority	of	species	recorded	in	AWME	are	also	pres-
ent	 in	EVA-	W	(shared	species	 in	Figure	3c),	but	EVA-	W	contains	a	
majority	of	species	that	are	not	present	in	AWME.

In	AWME,	16%	of	taxa	were	 identified	only	at	the	genus	 level.	
This	 proportion	 is	 approximately	 twice	 the	 proportion	 in	 EVA-	W.	
In	 AWME,	 these	 genus-	level	 taxa	 also	 occur	 in	 a	 larger	 propor-
tion	of	fields.	The	most	frequent	of	these	taxa	is	Matricaria	 (which	
can indicate several species, including Matricaria chamomilla and 
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Tripleurospermum inodorum),	 which	 is	 present	 in	 9%	 of	 records	 in	
AWME.

Summary	statistics	regarding	plot	metadata	are	shown	in	Table	2.	
Information on the surveyed field part or management system in the 
field	was	available	only	for	a	very	minor	part	of	the	EVA-	W	records.	
We	 therefore	 excluded	 this	 information	 from	 the	 further	 analysis	
and	set	the	value	of	these	variables	to	unknown	(NA)	for	the	whole	
EVA-	W	data	set.

3.2  |  Comparisons of species number per record

3.2.1  |  Field	parts,	plot	size	and	latitude

Species	numbers	per	record	differ	considerably	between	the	two	data	
collections,	with	a	mean	of	8.5	species	[standard	deviation	(SD)	± 6.4, 
median	7]	 in	 the	AWME	collection	and	19.0	species	 in	 the	EVA-	W	
(SD	±	10.4,	median	18),	(χ² = 10 855, df = 1, p <	0.001),	despite	larger	
plot	sizes	in	AWME	than	in	EVA-	W	(Table	2).	Within	the	AWME,	core	
plots have significantly lower species numbers than edge plots: the 
averages	are	8.0	 (SD	±	5.8,	median	7)	 and	17.0	 (SD	± 9.4, median 
15)	species,	respectively,	which	are	both	significantly	lower	than	the	
EVA-	W	average	(χ² =	12,873,	df = 2, p <	0.001).	Approximately	half	
of	the	species	in	AWME	are	found	in	edge	and	core	plots,	30%	only	
in	core	plots	and	17%	only	in	edge	plots	(Figure	4b).

Linear	 log–	log	 models	 relating	 species	 number	 and	 plot	 size	
(Figure	4a)	suggest	an	increase	of	species	number	with	plot	size	for	
the	EVA-	W	and	 the	AWME	edge	plots	and	a	decrease	 for	AWME	
core	plots,	but	had	rather	poor	fits	(R²	between	0.06	and	0.3).	We	
found no association between latitude and species numbers.

3.2.2  |  Crops

Species	numbers	differ	little	between	crops	in	AWME	(lowest	av-
erage: cereal =	7.4	±	6.7,	highest	average:	potato	=	10.7	±	9.0).	

The	range	is	larger	in	EVA-	W,	where	records	from	maize	and	sun-
flower plots have the lowest average species number and cereal 
plots	the	highest	(Table	3).	A	linear	mixed-	effects	model	showed	
a	significant	overall	effect	of	crop	on	species	number	(F =	71.26,	
p <	0.001).

Within	 crops,	 AWME	 field-	core	 plots	 have	 consistently	 the	
smallest	species	number	(Figure	5,	case	number	in	Appendix	S3).	In	
three	out	of	 five	crops	with	sufficient	plot	numbers	 (not	 including	
potato),	species	number	per	plot	is	on	average	higher	or	the	same	in	
the	AWME	edge	plots	as	in	EVA-	W.

Species	numbers	are	lower	in	AWME	records	after	weed	con-
trol	 (‘treated’:	 herbicide	 or	 mechanical	 weeding)	 compared	 to	
records	 taken	before	 treatment	or	on	 field	parts	excluded	 from	
treatment	as	part	of	 the	study	design.	For	 the	EVA-	W	plots,	no	
information is available on whether they received a weed control 
treatment.	Records	in	AWME	from	treated	plots	have	on	average	
7.9	species,	records	from	untreated	plots	8.7	species,	compared	
to	 the	 19.0	 species	 in	 the	 EVA-	W	 plots	 (all	 significantly	 differ-
ent at p <	0.001,	Kruskal–	Wallis	test).	The	same	pattern	is	found	
for the comparison of treated vs untreated plots within a crop 
(Figure	6).

The	timing	of	the	weed	survey	was	classified	for	the	AWME	data	
in	 relation	 to	 the	cropping	 season.	Early	 surveys,	 taken	after	 crop	
sowing	 and	 mid-	season	 surveys,	 mostly	 reported	 similar	 species	
numbers.	Records	taken	late	in	the	season,	near	to	harvest,	usually	
show	higher	species	numbers	except	for	beet	and	untreated	maize	
plots	in	AWME.

3.3  |  Geographical subsets

The	findings	from	the	overall	data	set	were	confirmed	for	six	geo-
graphical	 subsets	 (Figure	7).	 The	AWME	subsets	 include	between	
150	and	300	species,	which	is	much	less	than	the	EVA-	W	subsets,	
which contain between 250 and over 600 species. In all subsets, the 
species	number	is	higher	in	EVA-	W	records	than	in	AWME	records,	

F I G U R E  3 Records	and	species	in	
the collections of weed vegetation data: 
Arable	Weed	and	Management	in	Europe	
(AWME)	and	European	Vegetation	
Archive	subset	Weeds	(EVA-	W).	(a)	Field	
locations of vegetation plots in the two 
data	collections.	Locations	shaded	in	
grey	are	records	stored	in	the	European	
Vegetation	Archive	taken	before	1980.	
(b)	Species	accumulation	curves.	(c)	Venn	
diagram of shared species 
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except	 for	 records	 from	 organic	 fields	 (subsets	 from	 Spain	 and	
Czechia),	which	consistently	reach	the	same	species	richness	as	the	
records	from	EVA-	W.

4  |  DISCUSSION

In our study, we show that arable vegetation records collected for 
vegetation science research have consistently higher species num-
bers than records from weed science surveys. In the unfiltered 
comparison	of	species	numbers,	the	EVA-	W	and	AWME	collections	
seem to originate from different vegetation and quite different con-
clusions	on	 the	 state	of	 species	 richness	 in	European	arable	 land-
scapes would be drawn depending on the data collection used.

However, the difference decreases substantially when focussing 
on	subsets	from	organic	management	or	records	taken	at	field	edges.	
This	is	in	line	with	many	studies	on	the	effect	of	organic	farming	on	
weed	species	richness	(Hyvönen	et	al.,	2003;	Winqvist	et	al.,	2011)	
and	the	possible	role	of	field-	margin	vegetation	in	preserving	diver-
sity	 in	arable	 landscapes	 (Fried	et	al.,	2009;	Metcalfe	et	al.,	2019).	
The	difference	between	species	numbers	in	AWME	and	EVA-	W	also	
depends	on	crop	types:	it	is	higher	in	autumn-	sown	cereals	and	oil-
seed	rape	but	much	less	pronounced	in	maize	and	other	crops	sown	
in late spring.

First, we will discuss which methodological factors may have 
contributed	 to	our	 results	 and	 then	give	an	outlook	how	 the	data	
might be used with respect to the encountered biases.

4.1  |  Methodological causes for the differences 
between data sets

The	majority	of	EVA-	W	plots	have	limited	associated	metadata	ex-
cept	for	plot	location,	plot	size,	crop	and	survey	date.	Therefore,	we	
must	make	assumptions	regarding	the	survey	methodology	of	these	
data. In contrast, information on sampling methodology is available 
in	detail	 from	the	publications	associated	with	the	AWME	records	
(Appendix	S2).

The	 EVA-	W	 collection	 consists	mainly	 of	 data	 from	 a	 phytoso-
ciological	background	(EVA	defines	itself	as	a	repository	of	 ‘records	
of	plant-	taxon	co-	occurrence	at	particular	sites,	also	called	phytoso-
ciological	 relevés’;	 http://eurov	eg.org/eva-	database;	 10	 Nov	 2021).	
In	this	context,	preferential	sampling	was	and	maybe	still	is	the	most	
commonly used sampling strategy because for research purposes 
such as vegetation classification, it aims to record typically developed, 
species-	rich	stands	of	a	certain	vegetation	type	(Moore	et	al.,	1970;	
Mueller-	Dombois	&	Ellenberg,	1974).	Although	choosing	plots	at	the	
field	edge	was	once	considered	wrong	(Meisel,	1979),	nowadays	field	
edges	and	extensively	managed	 fields	are	 the	only	place	where	ar-
able weed communities can develop well, which is even more true 
for	studies	of	rare	and	endangered	species	(Meyer	et	al.,	2015;	Pinke,	
2000;	van	Elsen,	1989).	Consequently,	it	is	highly	likely	that	most	re-
cords	from	the	EVA-	W	collection	(filtered	to	be	from	1980	onwards)	
were	taken	near	the	field	boundary	or	in	extensively	managed	fields.

Due	to	spill-	over	from	adjacent	habitats,	vegetation	records	from	
edges and margins include many species that are not arable species, 
or	which	would	not	be	able	to	persist	in	the	field	interior	(Metcalfe	
et	 al.,	 2019;	Munoz	 et	 al.,	 2020;	 Romero	 et	 al.,	 2008).	 Therefore,	

TA B L E  1 Quantitative	properties	of	two	data	collections	
regarding	records	and	taxa

EVA- W AWME

Number	of	records 13 311 31 328

Unique	georeferences 6824 4945

Number	of	taxa 1977 1082

Proportion	of	taxa	occurring	in	only	1	record 24% 18%

Proportion	of	taxa	occurring	in	max.	10	
records

62% 52%

Taxa	recorded	only	at	genus	level 141 170

Mean	frequency	of	these	taxa	(proportion	of	
records)

0.09% 0.5%

Maximum	frequency	of	these	taxa	
(proportion	of	records)

2% 9%

Abbreviations:	AWME,	Arable	Weed	and	Management	in	Europe;	EVA-	
W,	European	Vegetation	Archive	subset	on	Weeds.

TA B L E  2 Available	metadata	in	two	data	collections

EVA- W AWME

Plot	size	(m²) Min 0.09 0.125

Median 25 120

Max 9 999 20 000

Unknown 15% 0%

Crops	(%	of	
records)

Beet 3 3

Cereal 54 42

Maize 11 29

Oilseed rape 5 13

Potato 8 0.6

Sunflower 0.6 4

Other	or	unknown 18.5 8.6

Sowing	seasons	(%	
of	records)

Autumn 9 37

Spring 26 47

Unknown 65 16

Cropping system 
(%	of	records)

Conventional 0 98

Organic 0 1

Unknown 100 1

Field	part	(%	of	
records)

Field core 0 94

Field edge 0 6

Margin 0 0.1

Unknown 100 0

Abbreviations:	AWME,	Arable	Weed	and	Management	in	Europe;	EVA-	
W,	European	Vegetation	Archive	subset	on	Weeds.

http://euroveg.org/eva-database
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F I G U R E  4 Comparison	of	data	sets	by	surveyed	field	part.	(a)	Species	numbers	per	record	in	relation	to	plot	size.	(b)	Shared	and	exclusive	
species.	AWME	records	taken	on	grass	margins	(n =	30)	were	left	out	of	this	figure	for	better	readability.	AWME,	Arable	Weed	and	
Management	in	Europe;	EVA-	W,	European	Vegetation	Archive	subset	on	Weeds;	NA,	information	not	available	

TA B L E  3 Species	number	per	record	in	crop	classes	of	two	data	collections

Crop

EVA- W AWME

Median Mean SD n Median Mean SD n

Beet 18 18.9 8.63 356 7 8.38 5.73 906

Cereal 19 20.1 9.92 7225 5 7.41 6.68 13	087

Maize 9 12.5 9.77 1413 8 8.69 5.36 9040

Oilseed rape 14 15.1 6.79 705 9 9.55 5.43 4068

Potato 22 21.9 7.43 1066 8 10.7 8.96 197

Sunflower 12 14.3 7.07 82 9 10.2 6.13 1310

Note: Crop	has	a	significant	effect	on	species	number	(EVA-	W	χ² = 1056.5, df = 5, p <	0.001,	AWME	χ² =	1479,	df = 5, p <	0.001).
Abbreviations:	AWME,	Arable	Weed	and	Management	in	Europe;	EVA-	W,	European	Vegetation	Archive	subset	on	Weeds;	n,	number	of	records;	SD,	
standard deviation.

F I G U R E  5 Species	number	per	record	in	two	data	collections	and	six	crops.	Pairwise	comparison	of	means	with	Wilcoxon	test;	number	
of records varies strongly in the subgroups. ***, p < 0.001; **, p < 0.01; *, p <	0.05;	ns,	not	significant.	NA,	information	not	available.	See	
Appendix	S3	for	case	numbers.	AWME,	Arable	Weed	and	Management	in	Europe;	EVA-	W,	European	Vegetation	Archive	subset	on	Weeds;	
NA,	information	not	available	
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F I G U R E  6 Species	number	per	record	in	relation	to	survey	time	within	cropping	season.	Classification	relative	to	cropping	season:	early:	
short	time	after	sowing;	mid-	season:	row	closure	in	row	crops/heading	of	cereals;	late	season:	full	vegetation/height	of	summer/near	or	after	
harvest.	AWME,	Arable	Weed	and	Management	in	Europe;	EVA-	W,	European	Vegetation	Archive	subset	on	Weeds;	NA,	information	not	
available 

F I G U R E  7 Comparing	EVA-	W	and	AWME	records	in	six	geographical	subsets.	(a)	Plot	locations.	(b)	Species	accumulation	curves,	leaving	
out	taxa	recorded	at	genus	level.	(c,	d)	Species	number	per	record	for	a	subset	of	crops	which	are	present	in	both	data	collections,	counting	
taxa	recorded	at	the	genus	level	as	a	species.	conv,	conventional	management;	org,	organic	management;	AWME,	Arable	Weed	and	
Management	in	Europe;	EVA-	W,	European	Vegetation	Archive	subset	on	Weeds	Weeds;	NA,	information	not	available	
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many weed science studies that focus on weed occurrence and com-
petition	explicitly	keep	a	distance	to	the	field	boundary	(Hanzlik	&	
Gerowitt,	2016)	or	eliminate	non-	arable	plants	like	woody	saplings	
from	the	record	(Cirujeda	et	al.,	2011).	Such	non-	arable	species	are	
likely	 the	 main	 reason	 for	 the	 higher	 species	 numbers	 in	 EVA-	W	
compared	to	AWME.	This	probably	affects	the	overall	species	num-
ber even more than the species number per record.

The	time	periods	covered	by	the	two	collections	may	have	influ-
enced	the	proportion	of	samples	from	extensively	managed	fields.	
EVA-	W	plots	were	sampled	from	1980	to	2013,	AWME	plots	mainly	
in	the	decade	between	2000	and	2010	(Appendix	S4).	There	is	a	16-	
year difference, which covers a period of intensive changes in agri-
cultural	practice	all	over	Europe,	with	a	strong	decline	in	extensively	
managed	fields.	This	time	period	includes	the	end	of	political	divide	
between	Western	and	Eastern	European	countries,	followed	by	the	
enlargement	of	the	European	Union	with	many	countries	afterwards	
influenced	by	the	Common	Agricultural	Policy.	Analyses	of	how	ag-
ricultural intensification has influenced arable weed vegetation in 
general	have	been	published	by	various	authors	(Batáry	et	al.,	2017;	
Richner	et	al.,	2015).	However,	a	detailed	and	comparative	analysis	
of	 how	different	measures	 (e.g.,	 large	 fields	 and	mechanisation	 in	
collective	farming	of	the	East,	higher	inputs	of	fertiliser	and	herbi-
cides in the West, segregation between plant and animal production, 
giving	up	marginal	land	when	it	is	not	profitable	under	CAP)	affected	
arable	weed	vegetation	and	the	loss	of	extensively	managed	arable	
land throughout the decades after 1990 and in various countries 
still	needs	to	be	undertaken	on	the	continental	scale	(Sutcliffe	et	al.,	
2015).

Munoz	et	al.	(2020)	discuss	the	effect	of	regional	species	pools	
on the number of species found in a survey. Whilst many weed 
surveys are carried out in the main areas of intensive agriculture 
in	Central	 Europe,	 a	 large	 part	 of	 the	 arable	weed	 diversity	 is	 lo-
cated	in	the	Mediterranean	region	or	in	traditional	livestock	farming	
areas.	The	authors	found	this	effect	in	their	study	of	weed	species	
in	France.	It	was	also	discussed	for	Spain	by	Cirujeda	et	al.	(2011).	It	
most probably also affects our comparison of the whole data sets 
given	the	many	records	of	EVA-	W	taken	in	Greece	and	Crete	and	a	
large	number	of	AWME	records	 in	France	and	Northern	Germany.	
However,	this	does	not	apply	to	the	comparisons	of	subsets,	except	
for	the	regional	subset	from	Spain,	where	the	EVA-	W	records	origi-
nate from the Pyrenees, which is a marginal arable production area 
(Baldock	et	al.,	1994).

Survey	season	may	be	another	methodological	cause	for	differ-
ing	average	species	numbers	per	record.	Usually,	vegetation	surveys	
are	recommended	to	be	taken	at	the	peak	of	vegetation,	i.e.,	when	
plants are well developed, have all organs, are flowering or setting 
seed	and	can	therefore	be	more	easily	identified.	Some	of	the	stud-
ies	 included	 in	 AWME	 sampled	 the	weed	 vegetation	 inside	 fields	
much earlier in the season, soon after crop and weed emergence 
and/or	prior	to	herbicide	treatment	(Fried	et	al.,	2008;	Heard	et	al.,	
2003;	Redwitz	&	Gerowitt,	2018).	Under	the	early-	season	field	con-
ditions with sparse soil cover and low competition, rarer species may 
be more easily spotted, but species with later germination can be 

missing and some plants cannot be identified at this early stage and 
are therefore recorded at the genus level.

The	 last	methodological	 aspect	we	want	 to	 discuss	 are	 exclo-
sures, which are sometimes used in weed science studies to get a 
better picture of potential weed vegetation with no weed control. 
Records from such untreated plots generally have higher species 
numbers	than	records	from	treated	plots	in	the	same	crop.	The	un-
treated plots may give useful insights into the effect of herbicide 
treatment	or	weed	competition	on	yield.	The	additional	species	are	
often	associated	with	other	crops	of	the	rotation,	for	example	typi-
cal	weeds	from	oilseed	rape	occurring	in	a	maize	crop	(de	Mol	et	al.,	
2015).	Species	composition	and	richness	of	these	plots	are	similar	to	
those of conservation headlands, a species conservation measure 
where field edges are cropped, but fertiliser and herbicide input is 
restricted	(Albrecht	et	al.,	2016).	These	plots	could	also	be	used	as	
a bridge for comparing the treated core plots, plots from edge and 
margins and the phytosociological records.

4.2  |  Joint use of the data collections

Despite the notable differences, it is clear that both data collections 
were recorded from the same landscape element: arable fields, al-
though mostly from different sections. While weed scientists with 
an	agronomic	background	tend	to	study	weed	vegetation	in	the	field	
interior, contemporary phytosociologists or scientists interested in 
the status of rare and endangered segetal species survey field edges 
or even the margins outside of fields.

Since	the	two	data	collections	shed	 light	on	different	parts	of	
arable	fields,	they	are	like	two	sides	of	the	same	medal.	Depending	
on the specific research question, it will be necessary to combine 
the information gathered from both collections together to obtain a 
more	accurate	picture	of	this	habitat.	Additionally,	future	monitor-
ing activities on arable plant diversity should include the different 
parts	of	arable	fields.	Arable	 land	use	has	always	had	a	history	of	
spatial	differences	 in	disturbance	and	management	 (Jansen	et	al.,	
2009).	Analysis	of	long-	term	trends	in	change	of	the	European	ar-
able flora will then be facilitated by integrating all available data 
sources.	Similar	to	the	data	sources	made	available	by	the	efforts	
for the European Weed Vegetation Database	 (Küzmič	 et	 al.,	 2020),	
many	more	studies	exist	in	the	weed	science	that	can	be	included	
in	the	AWME	collection,	 including	resurvey	studies,	surveys	from	
before	1996	and	those	from	further	European	countries,	especially	
from	Scandinavia.

The	contrast	 in	 species	 richness	at	 the	 field	 scale	described	 in	
this	study	should	be	extended	further	to	the	 landscape	scale.	 It	 is	
known	 that	 more	 heterogeneous	 agricultural	 landscapes	 harbour	
higher species diversity than homogeneous agricultural landscapes 
with	large	field	units	and	a	low	crop	diversity	(Benton	et	al.,	2003;	
Dostatny,	2013;	Gabriel	et	al.,	2005;	Storkey	et	al.,	2012).	We	can	
now	offer	a	continental-	scale	data	set	to	study	the	interdependence	
between landscape heterogeneity and vegetation diversity inside 
and at the edges of arable fields.
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The	two	data	collections	could	also	find	a	joint	use	on	the	species	
level. Filling geographical gaps in one collection with data from the 
other collection will be useful for research into geographical species 
distributions either for obtaining more accurate species distribution 
models	 of	 agronomically	 important	weeds	 (Bürger	 et	 al.,	 2018)	 or	
for	asking	macroecological	questions	like	whether	species	are	more	
abundant	 in	 the	 centre	 of	 their	 distribution.	 The	 main	 benefit	 of	
using	the	EVA-	W	and	AWME	collections	in	this	context	is	the	con-
firmed provenance of the data from agricultural fields, rather than 
ruderal and other disturbed habitats.

As	 for	 any	 data-	driven	 analysis,	 an	 appropriate	 selection	 pro-
cedure	 is	 needed	 when	 using	 EVA-	W	 and	 AWME	 data	 together.	
Tailored	 to	 the	 research	question,	 consideration	must	 be	 given	 to	
the	factors	discussed	in	subsection	4.1.	The	analysis	must	especially	
deal with issues of the uneven distribution of records from different 
crops and different sampling density.

From	 the	 experience	we	 share	 in	 this	 study,	we	would	 like	 to	
stress the importance of recording, presenting and digitising all avail-
able plot information regardless of the study purpose at that time. 
There	are	probably	many	more	records	from	arable	fields	and	mar-
gins	stored	within	the	EVA.	However,	without	an	explicit	marker,	it	
was	not	possible	to	extract	them.	Moreover,	records	of	arable	weed	
vegetation should always include information on the plot location 
relative to the field boundary, on the crop and whenever possible on 
the management practise.
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