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Summary

Changes in the flora of the Netherlands in the 20" century

Throughout the world, biodiversity is under major threat from human activity. As
the gravity of the situation unfolds, critical analysis shows that our knowledge and
understanding of these developments is still very incomplete, both globally and in
individual countries. This study is concerned specifically with changes in abundance
of the approximately 1,500 species of vascular plant growing wild in the
Netherlands. Using species checklists, in the course of the 20™ century no less than
10 million individual distribution records have been obtained for these plants at a
scale level of about 1 km®. These data are stored in two large databases: pre-1950
data in FLORIVON (in ‘quarter cells’), and post-1975 data in Florbase (in
‘kilometre cells”).

The principal aim of this study is to provide a quantitative description and
interpretation of the changes in the Dutch flora during the 20™ century. This aim has
been elaborated in four chapters with the following main themes: floristic survey
bias and correction thereof (chapter 2); overall ecological changes in the Dutch flora,
and the impact of ‘traditional’ environmental factors such as eutrophication,
acidification and groundwater depletion (chapter 3); changes in the Dutch flora
associated with climate change (chapter 4); and changes in the Dutch flora due to
influx of alien species (chapter 5). Appended to the main text is the 2003 edition of
the ‘Standard List of the Flora of the Netherlands’, in which use has been made of
some of the ecological and methodological insights to have emerged from this study.

Chapter 2 opens by describing the various types of floristic survey bias and goes
on to develop several new methods to analyse and correct for them. For five kinds of
survey bias full or partial solutions are presented. In the first place a new method has
been developed that makes due allowance for (topographical) differences in scale
and cartographic projection pre- and post-1950 and for differences in species
distribution patterns. By implementing this method a corrected data set was obtained
that is far more consistent than the one available to date. A second key issue is cross-
country variability in the amount of data collected, and a method was also developed
to address this problem as satisfactorily as possible. The other categories of survey
bias considered are incomplete species lists, differences in survey intensity and
duration, and problems with species recognition. For these, too, solutions have been
articulated and practically implemented.

Chapter 3 describes the changes in the Dutch flora as these relate to the
‘traditional’ factors cited above. The extent to which Dutch conservation efforts and
environmental policies of recent decades have already had a tangible effect is also
examined. To this end the approximately 10 million, now-corrected distribution data
were broken down into three periods: pre-1950 and two roughly equal periods post-
1975. Each plant species was then assigned to one of 83 ‘ecological groups’ indexed
to soil salinity, vegetation structure, moisture regime, nutrient availability and pH.
The changes in national distribution of these ecological groups were then described
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and statistically tested. Of the factors examined in this study, eutrophication proved
by far the most important cause of floristic change. Species of oligotrophic, pH-
neutral habitats have undergone serious decline, with those of eutrophic habitats
exhibiting a marked increase. The second main cause is loss of saline habitats,
particularly during the first half of the 20™ century. A third important change relates
to vegetation structure, viz. a decline in grassland species with an attendant increase
in species of woodland and ruderal herbaceous vegetations. In terms of conservation
and environmental policy, it was found, based partly on the results of the next
chapter (see below), that despite emission reduction measures, for the century as a
whole eutrophication still ranks as the single most important cause of floristic
decline in the Netherlands. Acidification, by comparison, was found to constitute far
less of a problem and there are also signs that it declined in importance during the
last decade of the century. Finally, it was found that restoration projects have
achieved a measure of success, especially for certain kinds of wet, oligotrophic
ecosystems like bogs and dune slacks.

Chapter 4 examines the possible effects of climate change on the Netherlands'
flora. To this end it was investigated whether the floristic changes could be
explained by observed increases in average temperature, precipitation or CO, levels.
Again, use was made of the corrected data set, as described above. In this part of the
analysis, changes in individual plant species presence was the issue of interest. Prior
to about 1980 there was a demonstrable but small increase in both ‘warmth-loving’
(thermophilic) and ‘cold-loving’ species. The increase in the latter group can be
explained by the historic growth in the area and quality of Dutch woodland. After
about 1980 the only trend to be observed is a pronounced increase in thermophilic
species, coinciding with a marked rise in temperature during the same period. More
specifically, there has been a definite increase in species of drier habitats. No clear-
cut effect of increased precipitation on the Dutch flora could be established. As a
separate issue, it could be demonstrated that increased urbanisation — and the
warmer climate of urban environments — has also been a key factor contributing to
the increased abundance of thermophiles. In the last two decades of the 20™ century,
climate change was the second most important cause of changes in the Dutch flora,
behind urbanisation but before eutrophication. As yet, the effects of climate change
are asymmetrical: an increase in thermophiles, but as yet no decline in ‘cold-loving’
species, contributing to what is probably only a temporary rise in the total number of
species.

In the literature, non-native (‘alien’ or ‘exotic’) species are cited as a major threat
to biodiversity worldwide. To investigate the role of the approximately 360 exotic
species now naturalised in the Netherlands, reported in chapter 5, a distinction was
made between archeophytes and neophytes: species naturalised before and after
1500, respectively. One-quarter of the Netherlands' wild flora consists of non-native
species, about one-third of them archeophytes and two-thirds neophytes. The pattern
of change among archeophytes is virtually identical to that among indigenous
species, with a minor increase in common species and a decline in rarer species. In
contrast, all groups of neophytes show an increase that is inversely proportional to
the period of naturalisation. Of the hypotheses tested to explain the success of
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common or rapidly expanding exotics, two are best able to explain the facts: escape
from the ‘predator-pathogen complex’ and increased availability of disturbed,
eutrophic sites. As regards the relative number of species on the Red List, no
difference was found between indigenous species and archeophytes; there are even
several neophytes on the List. Neither was any significant difference found between
indigenous species, archeophytes and neophytes with respect to the percentage now
extinct. Contra the claims of exotic plant species having a major negative impact on
indigenous floras, there are as yet no indications of these posing a threat to the
Dutch flora at the national level.

Finally, a number of important issues emerging from the study are discussed and
the overall conclusions and recommendations presented in the final chapter. The
main focus of the methodological discussion are the corrections made for survey
bias. Despite the various options developed for correcting the raw floristic data,
there is still a major need for a new and more coherent procedure for use in future
surveys. A proposal to that end is made, proceeding from the same overall effort as
at present. In the discussion on substantive issues a wide range of topics is
considered in more detail, two of which are cited here by way of illustration. In
evaluating biodiversity impacts as a function of scale level, it should be noted that
despite the sensitivity of km-cell data to changes, on a smaller, micro-scale changes
may be greater still. At the micro-scale, exotic species may indeed be having an
impact on the Dutch indigenous flora. The effects of climate change also need to be
further disentangled from those of urbanisation and exotics, to gain a better idea of
climate impacts.
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Samenvatting

Veranderingen in de flora van Nederland in de 20° eeuw

Wereldwijd wordt de biodiversiteit door de mens sterk bedreigd. In het licht hiervan
blijkt bij kritische analyse dat onze kennis en inzichten over de veranderingen ervan
onvoldoende zijn, zowel op mondiaal als op nationaal niveau. Dit proefschrift gaat
over de veranderingen in het voorkomen van de ca. 1500 Nederlandse
plantensoorten. In de 20™ eeuw zijn er van deze planten maar liefst 10 miljoen
floristische verspreidingsgegevens verzameld op het schaalniveau van ca. 1 km’ op
zogenaamde streeplijsten. Die verspreidingsgegevens zijn opgeslagen in twee grote
databestanden: die van vo6r 1950 in FLORIVON (“kwartierhokken™) en die van na
1975 in Florbase (“km-cellen”).

De centrale doelstelling van dit onderzoek is te komen tot een kwantitatieve
beschrijving en interpretatie van de veranderingen van de Nederlandse flora in de
20 eeuw. Deze doelstelling is uitgewerkt in vier hoofdstukken met als
belangrijkste thema’s: de waarnemersfouten en de correctie daarvan (hoofdstuk 2);
de algemene ecologische veranderingen in de Nederlandse flora in relatie tot de
“traditionele” milieufactoren als vermesting, verzuring en verdroging (hoofdstuk 3);
de veranderingen in de Nederlandse flora door klimaatverandering (hoofdstuk 4); en
de veranderingen in de Nederlandse flora door uitheemse soorten (hoofdstuk 5). In
de bijlage is de Standaardlijst van de Nederlandse flora 2003 opgenomen. Hierin is
een deel van de ecologische en methodologische informatie verwerkt die is
voortgekomen uit dit proefschrift.

In hoofdstuk twee worden de verschillende typen fouten van floristische
verspreidingsgegevens opgespoord, en worden nieuwe probleemanalyses en
correctiemethoden ontwikkeld. Voor vijf typen van waamemingsfouten worden
gehele of gedeeltelijke oplossingen gepresenteerd. In de eerste plaats is een nieuwe
methode ontwikkeld die rekening houdt met topografische verschillen in schaal en
kaartprojectie voor en na 1950 en met verschillen in verspreidingspatronen van
soorten. Hierdoor is een gegevensset ontstaan die veel consistenter is dan de
vroegere. Een belangrijk tweede probleem is dat niet overal in het land evenveel
gegevens verzameld zijn. Er is een methode ontworpen om dit probleem zo goed
mogelijk op te lossen. De andere onderscheiden typen problemen zijn incomplete
soortenlijsten, verschillen in inventarisatie-intensiteit en —duur en problemen bij het
herkennen van soorten. Ook hiervoor zijn oplossingen uitgewerkt en toegepast.

In hoofdstuk drie staat de beschrijving van de veranderingen in de Nederlandse
flora in relatie tot de “traditionele” factoren centraal. Daarbij is tevens aandacht
besteed aan de vraag in hoeverre effecten van milieu- en natuurbeschermingsbeleid
in de laatste decennia reeds merkbaar zijn. De ca. 10 miljoen bewerkte
verspreidingsgegevens zijn over drie periodes verdeeld: voor 1950 en twee ongeveer
gelijke perioden na 1975. Alle plantensoorten werden ingedeeld in 83 ‘ecologische
groepen’, op basis van zoutgehalte van de bodem, vegetatiestructuur (d.w.z. licht),
vochttoestand, voedselrijkdom en zuurgraad. De veranderingen in de landelijke
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verspreiding van deze ecologische groepen worden beschreven en statistisch
geanalyseerd. Het blijkt dat, wat de hier onderzochte factoren betreft, eutrofiéring
(‘vermesting’) verreweg de belangrijkste oorzaak is geweest van veranderingen in
de flora. Soorten van voedselarme, neutrale standplaatsen nemen sterk af, en die van
voedselrijke standplaatsen nemen sterk toe. De tweede belangrijke oorzaak is het
verdwijnen van zoute habitats, met name in de eerste helft van de 20° eeuw. Een
derde belangrijke verandering betreft de vegetatiestructuur: de afname van
graslandsoorten ten koste van ruigte- en bossoorten. Wat de effecten van het milieu-
en natuurbeleid betreft, blijkt mede op basis van de resultaten in het volgende
hoofdstuk (zie hieronder), dat ondanks maatregelen om milieu-emissies te reduceren
vermesting over de gehele ecuw bezien nog steeds de grootste bedreiging voor de
Nederlandse flora vormt. Verzuring blijkt in verhouding daarmee een duidelijk
minder groot probleem te vormen en er zijn ook indicaties van een afnemende
invloed van deze factor in het laatste decennium van de vorige eeuw. Tenslotte blijkt
dat natuurherstelprojecten met name succesvol zijn voor bepaalde typen natte
voedselarme ecosystemen zoals vennen en duinplassen.

De effecten van klimaatverandering op de flora in Nederland worden
geanalyseerd in hoofdstuk vier. Er is onderzocht of temperatuurstijging, toename
van neerslag dan wel toename van de CO,-concentratie, de veranderingen kunnen
verklaren. Daarbij is gebruik gemaakt van de bewerkte gegevens zoals hierboven
beschreven Bij deze analyse staan de veranderingen in het voorkomen van
individuele plantensoorten centraal. Voor ca. 1980 is zowel een kleine toename van
warmteminnende soorten als van koudeminnende soorten aantoonbaar. De toename
van de koudeminnende soorten kan worden verklaard door de toename van het
areaal en kwaliteit van het bosgebied in Nederland. Na ca. 1980 is alleen een sterke
toename van warmteminnende soorten te zien, die samenvalt met een sterke
toename van de temperatuur in deze periode. Het gaat daarbij vooral om een
toename van soorten van drogere standplaatsen. Er is geen duidelijk effect van de
toegenomen neerslag op de Nederland flora aantoonbaar. Apart daarvan kon worden
aangetoond dat ook de toegenomen urbanisatie — en daarmee het warmere klimaat in
steden — een aanzienlijke factor is bij de toename van warme soorten.
Klimaatverandering is in de laatste decennia van de 20° eeuw de tweede
belangrijkste oorzaak verandering in de Nederland flora, na urbanisatie maar voor
vermesting. De effecten van klimaatverandering zijn vooralsnog asymmetrisch: wel
een toename van warmteminnende soorten, maar vooralsnog geen afname van
koudeminnende soorten, hetgeen bijdraagt aan een waarschijnlijk tijdelijke toename
van het totale aantal soorten.

Uitheemse soorten worden in de literatuur als een belangrijke bedreiging
genoemd van de biodiversiteit in de wereld. Bij het onderzoek naar de rol van ca.
360 in Nederland ingeburgerde uitheemse soorten, beschreven in hoofdstuk 5, is een
onderscheid gemaakt tussen archeofyten (ingeburgerd védér 1500) en neofyten
(ingeburgerd vanaf 1500). Een kwart van de Nederlandse wilde flora bestaat uit
uitheemse soorten, waarvan eenderde archeofyten en tweederde neofyten. Het
patroon van verandering voor archeofyten is vrijwel identiek aan dat van inheemse
soorten: met een kleine toename van algemene soorten en een afname van zeldzame
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soorten. Daarentegen vertonen alle groepen van neofyten een toename, die afneemt
naarmate het langer geleden is dat inburgering plaatsvond. De hypothesen die het
succes van algemene of snel toenemende exoten het beste kunnen verklaren zijn de
“ontsnapping aan de antagonisten” (begrazers, ziekten en plagen) en de toename van
verstoorde voedselrijke gronden. Er is geen verschil gevonden tussen inheemse
planten en archeofyten in het aandeel van soorten op de Rode Lijst. Er staan zelfs
een aantal neofyten op de Rode Lijst. Verder is geen significant verschil tussen
inheemse soorten, archeofyten en neofyten in het percentage uitgestorven soorten in
elke groep. In tegenstelling tot grote negatieve invloed die uitheemse plantensoorten
zouden hebben op de inheemse flora, zijn er vooralsnog geen aanwijzingen
gevonden dat zij op nationale schaal een bedreiging vormen voor de Nederlandse
flora.

Tenslotte worden enkele belangrijke discussiepunten aan de orde gesteld, en
worden de algemene conclusies en aanbevelingen op basis van het proefschrift in het
laatste hoofdstuk geformuleerd. In de methodologische discussie is het belangrijkste
onderwerp de uitgevoerde correcties voor waarnemersfouten. Ondanks de
ontwikkelde mogelijkheden tot correctie van uiteenlopende gegevens, bestaat toch
een sterke behoefte aan een samenhangende nieuwe opzet van toekomstige
inventarisaties; hiervoor worden voorstellen gedaan waarbij uitgegaan wordt van een
gelijkblijvende totale inspanning. In de inhoudelijke discussie wordt op een groot
aantal punten nader ingegaan, waarvan hier een paar punten voorbeeldsgewijs
worden genoemd. Bij de evaluatie van de effecten op de biodiversiteit in relatie tot
schaalniveau moet bedacht worden dat ondanks de gevoeligheid van km-cel
gegevens voor veranderingen, op nog kleinere, microschaal veranderingen nog
groter kunnen zijn. Op microschaal niveau zouden effecten van uitheemse soorten
op de inheemse flora mogelijk wél aanwezig kunnen zijn. De verstrengeling van
klimaatseffecten met effecten van urbanisatie en exoten dient verder te worden
uitgewerkt, opdat een nog helderder beeld wordt verkregen van klimaatseffecten.
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1. General introduction

1.1 Global and national biodiversity: the data problem

Biodiversity is under major threat from human activity throughout the world. For
policy-makers and scientists alike this has now become a priority issue, particularly
since the United Nations Conference on Environment and Development, UNCED,
held in Rio de Janeiro in 1992 (e.g. McNeely ef al. 1990, Heywood and Watson
1995, UNEP 1997, Walther and Gillet 1998, Loh et al. 1999, Hilton-Taylor 2000,
Groombridge and Jenkins 2000, Secretary of the Convention on Biological Diversity
2001, McNeely 2001, Flavin et al. 2002). Although biodiversity can be defined to
embrace a variety of aspects and levels, the present study is restricted in scope to
biodiversity as measured at the species and subspecies level.!

Both internationally and nationally a wide range of actions have been undertaken
to halt or reverse this decline in biodiversity. Internationally, for example, there are
conventions to protect ecologically valuable areas (e.g. the RAMSAR Convention,
1971, see Navid 1994) and improve environmental quality (e.g. FCCC, the
Framework Convention on Climate Change, drawn up in 1992 at UNCED) as well
as guidelines for preventing loss of biodiversity due to introduction of exotic species
(IUCN 2000). In many cases these international initiatives have been translated into
national policies affording specific areas and species legally protected status. For
provisions on species and area protection in the Netherlands, see for instance
(Natura 2000) and (LNV 2000) and on climate policy (Tweede kamer 1990, 1995).

As the gravity of these threats to biodiversity emerges, critical analysis shows
that our knowledge and understanding of these trends is still very incomplete, both
globally and within individual countries, even at the species level. The magnitude of
the worldwide decline in biodiversity is currently estimated by extrapolating data on
habitat loss and number of Red List species or extinctions in a limited number of
areas only, in particular on tropical islands. Much of the information that is available
relates to the status and decline of vertebrate biodiversity in the course of the 20™
century, moreover, and the most threatened and species-rich regions of the tropics
have in fact been least extensively studied (e.g. Guruswarny and McNeely 1998,
Groombridge and Jenkins 2000, Secretary of the Convention on Biological Diversity
2001, Flavin et al. 2002). Even in those areas that have been well studied, however,
there is major variation in the scale level of data collection, in taxonomic
sophistication, and in the expertise available (e.g. Heywood and Watson 1995,
Delbaere 1998, EEA 1999). In a wide range of international forums, systematic
surveying and monitoring have consequently been recommended as being of the
utmost priority (Article 7: CBD 1992 (Johnson 1993, Glowka et al. 1994), Chapter

! In the UNCED Convention on Biological Diversity, biodiversity is defined as “the variability
among living organisms from all sources, including, inter alia, terrestrial, marine and other aquatic
ecosystems and the ecological complexes of which they are part: this includes diversity within
species, between species and of ecosystems™ (Article 2, Use of Terms, in the Convention on
Biological Diversity signed at the UNCED in Rio de Janeiro in 1992).
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15.5: Agenda 21 (Johnson 1993), Global diversity strategy (WRI/IUCN/UNEP
1992), Guidelines for country studies on biological diversity: UNEP (UNEP 1993),
Global Plant Conservation Strategy (COP7 2004), Hawksworth 1995, Heywood and
Watson 1995).

This study is concerned specifically with the diversity of vascular plants in the
Netherlands, thus encompassing the ferns, gymnosperms and angiosperms. In this
country, data on vascular plant distribution have been gathered throughout the 20"
century on the relatively detailed scale of 1 sq. km grid cells. It may therefore be
concluded that we here have an ideal dataset on biodiversity status and trends in at
least one country, for at least one section of the natural world. Unfortunately,
though, these data are still deficient in many respects. The problems are largely
technical in nature and include various kinds of bias in the databases due to data
having been collected in different periods, using different methods, by (mainly
amateur) botanists with varying degrees of expertise. There are also more
fundamental problems, however, among them a skewed focus on species decline
compared with species increase. Lastly, there are problems relating to the
interpretation of trends, which has always been derived mainly from expert
judgment and was therefore qualitative and somewhat subjective rather than
quantitative and objective.

In the Netherlands, then, there are many ways in which the collection, processing
and use of data on vascular plant distribution might be improved. The following
section begins by looking more closely at the situation with regard to these floristic
data, as collected in the course of the 20" century.

1.2. Floristic distribution data in the Netherlands

1.2.1.  Vegetation relevés versus species checklists

In the Netherlands national floristic distribution data have been obtained by means
of surveys conducted using two main methods: vegetation relevés and species
checklists.

A relevé is a survey of the species of vascular plants (and often mosses, too)
growing in a specific area, together with information on their abundance, in
quantitative or at least semi-quantitative terms. The area, or quadrat, surveyed is
relatively small, ranging from a few square metres to several dozen, depending on
the type of vegetation. Sometimes a permanent quadrat is used to carry out follow-
up relevés at repeated intervals. One of the key premises of this kind of survey is
that the vegetation should be homogeneous, and the location of the quadrat is
therefore determined entirely by the area and physical shape of the vegetation. The
resultant records of species presence and abundance are then used to identify the
plant community or communities present (e.g. Weeda et al. 2000, Schaminée 2000).

A species checklist is a complete list of the vascular plant species occurring in a
particular country or region. These checklists, using a compact printing format and
abbreviated scientific names can be used in the field for rapid inventories of species
occurrences in square grids by ticking off species present. In the past decade, the
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abundance of rare or unusual species is usually also recorded using a semi-
quantitative code. Species checklists are generally used for comparatively large-
scale floristic inventories. In the Netherlands today most such surveys are carried out
in ‘kilometre cells’ (1 x 1 km) or ‘atlas cells’ (5 x 5 km). Prior to 1950, these cells
were of a slightly different size (see textbox). The cells are referenced to a fixed
topographic map grid, thus giving each cell an unambiguous location. Given their
size, these grid cells contain a range of landscapes and types of vegetation and, in
contrast to the relevé quadrats, are thus heterogeneous.

As already becomes apparent from these brief descriptions, these methods
obviously have their strengths and weaknesses when it comes to building up an
accurate picture of national plant species distribution. The main strength of relevé
surveys is that they yield quantitative data on species abundance and are based on
homogeneous vegetational units. Their main weakness is the frequent over-
representation of unusual vegetations, their limited geographical coverage and the
fact that the quadrats have no fixed location. The greatest strength of checklists is
that all the species present in a given area are, in principle, surveyed in a
geographically comprehensive fashion on a fixed grid, thus avoiding any problems
of location. Their main weakness is the lack of quantitative floristic information and
the heterogeneity of the survey area.

There has been little research on the influence of the respective survey methods
on recorded vascular plant distribution. As an exception, Van der Meijden et al.
(1996) reported that Dutch provinces using checklist methods to collect floristic data
record 20% more species per km cell on average than those using relevé-type
methods. Witte (1998) has shown, furthermore, that at the square-km scale level
‘ecological groups’ are a more suitable vegetational unit for recording floristic data
than plant communities. In the present study we shall be concerned solely with
checklist data recorded at the square-kilometre scale level and it is these that will be
referred to when using the terms ‘floristic survey’ and ‘floristic data’.

1.2.2.  The FLORIVON and FLORBASE databases

In the Netherlands, floristic study in the 20" century can be divided into three main
periods, characterised by differences in survey method and in processing of the
resultant distribution data.

The first period runs from 1902 up to 1950. This is a long period in which data
were collected mainly with reference to ‘quarter cells’ measuring approximately 1
by 1 km. Distribution data were entered and stored on paper maps. In the 1990s
these original data were digitised for the FLORIVON database.

The second period is from 1950 to about 1980 and essentially embodied a repeat
of the work of the first period, but now using a grid of ‘atlas cells” of 5 by 5 km.
These data were subsequently digitised to create the ATLAS database. Because of
the anomalous scale level involved, these data have been disregarded in the present
study.

The third period runs from about 1975 up to 2000. During this period data were
collected in km cells measuring precisely one by one km and digitally recorded in
FLORBASE. This database comprises a vast number of floristic observations and
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Text box: the FLORIVON database

The Dutch floristic surveys carried out during the period 1902-1950 are described at length in
Part 1 of the ‘Atlas of the Netherlands Flora’ (Mennema et al. 1980, 1985, Van der Meijden et
al. 1989). The data were collected in ‘quarter cells’ measuring 1.250 km x 1.042 km (cf.
section 2.2 of the next chapter). The checklist data were transferred manually to transparent
maps, with a topographic underlay on one side and the map grid on the other, with individual
species finds indicated by dots in relevant grid cells. These data were later used to prepare
distribution maps for the Atlas, in which records were aggregated to a scale level of ‘hour
cells’ measuring 5.00 km x 4,17 km.

In the 1990s the original maps with quarter cell records were digitised (Kloosterman and
Van der Meijden 1995) for the FLORIVON database, which only includes data on
geographical presence, however, with no recording of dates. For an impression of the
distribution and density of floristic observation in the Netherlands, the reader is referred to the
maps in Groen ef al. (1997). The FLORIVON data have been used by Witte ef al. (2000) to
prepare maps representing floristic mapping quality for individual ecological groups (for a
similar analysis of post-1975 data, see Witte and Van der Meijden 2000).

The FLORIVON database has a number of important limitations hampering usage, in
particular its anomalous grid format (and anomalies in cartographic projection), technical
errors arising during digitisation, taxonomic errors (outdated and erroneous nomenclature),
miscellaneous problems with the original and digitised data and, finally, the undated nature of
the records. Correction for the anomalous grid format is one of the topics of the present
dissertation (see section 2 in chapter 2). In two separate projects, the FLORIVON database
has been purged of most of the technical and taxonomic errors, across all species (Groen ef al.
1999). Several years ago a project was started to digitise the original checklists for the period
1902-1950. Unfortunately, this project had to be abandoned for lack of funds. In 2003,
however, the results of original data digitisation for the province of Drenthe were published in
the Dutch journal Gorteria (Tamis ef al. 2003b). That study showed that many species were
already clearly in decline between 1902 and 1950, as illustrated for one particular species in
Fig. 1 below. In its day, this floristic survey of the Netherlands was unique in the world and
served as an inspiration for the ‘1st Atlas of the British Flora’ (Perring and Walters 1962).

Fig. 1. Distribution of Greater yellow rattle (Rhinanthes angustifolius) in the Dutch province
of Drenthe, 1902-1932 (left) and 1932-1950 (right). Records of this species are indicated by a
black dot, with records of other species in grey. Source: Tamis et al. (2003b).
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has a high degree of geographical coverage. FLORBASE has been described at
length in several publications, in particular by Witte (1996). Despite its major
historical interest, FLORIVON has never enjoyed that privilege, however. The text
box below is meant to address that deficit to some extent.

1.3. Core objective and specific issues
The core objective of this study is:

To arrive at a quantitative description and analysis of the changes in vascular plant
species presence that have occurred in the Netherlands in the 20" century and to
hypothesise the causes of these changes.

This overall objective is pursued by addressing the following specific questions:

- What are the main types of bias in floristic survey data and how can these
be corrected in order to arrive at a more consistent dataset?

- What, in a general sense, are the most important changes that have occurred
in the flora of the Netherlands, and to what extent can these be explained in
terms of eutrophication, acidification, desiccation and so on?

- Which particular changes in the Dutch flora can be explained as resulting
from climate change?

- Which particular changes can be explained as a result of the colonisation by
or introducton of non-native species?

Within this framework, the basic approach of the study was as follows. Departing
from Dutch nation-wide data on 20" century vascular plant presence on a grid scale
of 1 sq. km (or approximately so), the various forms of survey bias were first
corrected to the extent feasible. Subsequently, the corrected data were broken down
into periods and for each period national presence was calculated for each species
or, in some cases, combinations of species making up an ‘ecological group’. The
trends observed from period to period were then described and a series of causal
hypotheses tested by statistically analysing species” functional characteristics and
other parameters. The methodology is explained in detail in the subsequent chapters.

1.4. Reader’s guide

Chapter 2 opens by describing various types of floristic survey bias and examining
some traditional as well as novel methods of analysing and correcting for them. A
combination of correction methods is then proposed.

Chapter 3 provides a general description of 20" century trends in the Dutch flora.
To this end, plant species are classified in terms of ‘ecological groups’ characteristic
of the various types of ecosystem found in the Netherlands. This chapter also
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assesses which specific ecological groups that suffered a serious decline during the
20" century have shown (some) recovery as a result of Dutch conservation efforts
and environmental policy from about 1980 onwards.

Chapter 4 analyses the possible effects of climate change on the Netherlands’
flora. To this end it was examined what aspects of climate change, temperature rise
and increased precipitation or CO, concentration can explain the observed trends and
the significance of these effects in comparison with those of other forms of
environmental stress.

Chapter 5 considers the impact of naturalised non-native species. The entire set
of non-native species is analysed and characterised in terms of geographical
provenance, period of naturalisation, rarity, increase in abundance and other
parameters. A number of hypotheses to explain the success of exotic plant species
are discussed. It is also investigated whether these species may in some cases be
partly responsibility for vascular plant extinctions or Dutch Red List status.

This thesis concludes with a chapter with conclusions, discussion and
recommendations. A short summary (In English and Dutch) is also present.
Appended to the main text is the 2003 edition of the ‘Standard List of the Flora of
the Netherlands’, which also discusses some of the ecological and methodological
issues, and which forms the more general background of the study presented here.
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2. Coping with recording bias in floristic surveys

2.1. Introduction

In the Netherlands, floristic surveys fulfil a key function in environmental and
conservation research and policy. In the course of the 20™ century over ten million
floristic records were created; no other country in the world has such a wealth of
floristic observations spanning the entire country and the whole of the 20™ century.
Despite its size, however, this huge reservoir of distribution data has several
shortcomings. In particular, over the years Dutch survey data have not generally
been collected on the basis of systematic sampling, one of the most fundamental
requirements for scientific research (e.g. Sokal and Rohlf 1969). There are
consequently all kinds of artefacts in the survey data, which we shall refer to further
as ‘recording bias’. If not properly accounted for, this recording bias may lead to
erroneous interpretation of the survey data, including under- or overestimation of
abundances or changes in floral composition (e.g. Sipkes and Mennema 1968,
Weeda 1985, Plate 1990, Rich and Woodruff 1992, Rich 1997, 1998, Heikinnen
1998, Witte 1998, Wohlgemuth 1998, Williams 2000, Van der Meijden et al. 2000).
In this chapter we deal with five types of survey bias and the different solutions thus
far adopted in the Netherlands. In addition, a number of new problem analyses and
possible solutions are presented and discussed.

Many authors (e.g. Weeda 1985, Plate 1990, Van der Meijden et al. 1996, Groen
et al. 1996, 1997, Witte 1998) have discussed various aspects and causes of
recording bias. The main causes recognised are that floristic survey data are
collected:

1) by a wide variety of individuals and institutions, both voluntary and

professional, with greatly differing skills;

2) using different sampling strategies for different purposes, including

environmental or conservation policies (both mapping and monitoring),

ecological research, or just to satisfy curiosity;

3) using different sampling methods, e.g. limiting sampling to rare species or

habitats, or sampling permanent quadrates or permanent transects only, rather

than entire areas.
All these aspects vary across space and time, moreover.

In practical terms this methodological, spatial and temporal variability in sampling
causes five types of problems, addressed in turn in the following sections: section 2.
Differences in grid scale and map projection; section 3. Incomplete geographical
coverage; section 4. Incomplete species coverage (incomplete species lists); section
5. Differences in survey intensity and length of survey period and, also in section 5. ,
Plant identification problems and taxonomic changes.

In previous studies and analyses of the Dutch flora a variety of methods have
been adopted to overcome or correct recording bias. Although these methods have
enabled significant improvement of existing data, there is still a need for further
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improvement, as one major shortcoming has thus far not yet been addressed: the key
problem of incomplete geographical coverage. This study attempts to address all
forms of recording bias in an integrated manner.

2.2. Differences in scale and map projection

2.2.1. General

Floristic survey data are generally sampled and presented using a fixed map grid'.
Important determinants of this grid are scale and map projection. The scale of the
grid is simply the length and width of a component grid cell, which is usually
square. Depending on the goal and scope of the study, grid cell size ranges from
very small (sq. cm, e.g. Kunin 1998) to very large (50 x 50 km for European studies,
¢.g. Jalas and Suominen 1989, Bakkenes er al. 2002, or square half or whole degree
of latitude/longitude, e.g. Taplin and Lovett 2003). In Europe, current national scales
range between 1 and 100 sq. km.

Scale is an important aspect of distribution data because:
1) the number of species increases with area: the species-area relationship (e.g.
Preston 1962, MacArthur and Wilson 1967);
2) changes in abundance or frequency are more marked at more detailed scales
(e.g. Thomas and Abery 1995, Groen 1996, Van der Meijden et al. 2000, De
Bruyn et al. 2003);
3) the commonness or rarity of a species may be different at different scale
levels, depending on its distribution characteristics, aggregated or diffuse (Groen
et al. 1997, Witte 1998);
4) statistical relations between Dbiodiversity and landscape-ecological
characteristics are often different at different scale levels (e.g. Kunin 1998,
Rahbek and Graves 2000).

Map projection is also an important aspect of distribution data. Map projections
provide a means of projecting the earth’s spherical surface onto a flat map (Van der
Linden 1981, Snyder 1993, Snyder and Voxland 1994). A spherical surface cannot
be mapped onto a plane without introducing distortions, which will be least
pronounced at the centre of the map and greatest at its edges. Because the
Netherlands is a small country, edge distortions have generally been neglected,
although different projections have been used.

Some floristic studies have used observations in linked individual grid cells (i.e.
cells with the same topographical characteristics in different periods) before and
after 1950 (Groen ef al. 1997, Van der Meijden ef al. 2000) to obtain an unbiased
estimate of floristic change. However, one general problem of using linked grid cells
is the uncertainty regarding the exact location of the linked cells due to differences

' In a small number of floristic studies (e.g. those undertaken by North Holland provincial
authority) data collection was based on landscape units.
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Fig. 1. Overlay of quarter grid with Bonne projection (before 1950) and kilometre grid with
stereographic projection (after 1950) in the north-east of the Netherlands.
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in map projection. If distribution data have been sampled on different scales and
different projections, there can be no proper comparison of results, which will need
to be adjusted to avoid misinterpretation. For example, comparison of species
presence sampled at two different scales will lead to an overestimate of particularly
rare species on the less detailed scale.

In the course of the 20" century a variety of different scales and projections have
been used in Dutch floristic research. These are described in the present section,
along with the various strategies adopted to address the attendant problems, as well
as their respective shortcomings. In addition, a new GIS-based downscaling method
is presented.

2.2.2. Different scales

For a proper understanding of the different scales used in the Netherlands in the 20®
century for floristic mapping it is important, first, to know that the topographic map
of the Netherlands has always been divided into map sheets of forty km wide (E-W)
and twenty-five km high (N-S).

Prior to 1950, each map sheet was divided into eight (horizontal, E-W) times six
(vertical, N—-S) ‘hour cells’ (5.000 x 4.167 km; area = 20.833 km?). Each of these
hour cells was divided into four times four ‘quarter cells’ (1.250 x 1.042 km; area =
1.302 km?). Before 1950, then, grid cells were not square.

As of 1950, each map sheet was divided into eight (horizontal) times five
(vertical) ‘atlas cells’ (5.000 x 5.000 km; area = 25.000 km?). Each of these atlas
cells was divided into five times five ‘km cells’ (1.000 x 1.000 km; area = 1.000
km?). Fig. 1 shows an overlay of the grids used pre- and post-1950. For more
detailed and historical information on the different scales used in Dutch floristic
research, the reader is referred to Mennema et al. (1980).

Floristic distribution data in the Netherlands have thus been sampled and used at
different scales in the 20™ century. Before 1950 sampling took place at the scale of
quarter cells, between 1950 and about 1975 at the scale of atlas cells and, to a lesser
extent, km cells and after 1975 only at the km cell scale. For presentation and
analysis of distribution data prior to 1995, quarter cell data are aggregated to hour
cells and km cell data to atlas cells. Since 1995 only the more detailed scale data of
quarter and km cells have been used for the presentation and analysis of distribution
data. '

Various approaches have been adopted to properly allow for these differences in
scale, both within and between periods:

1) For the Atlas of the Dutch flora the number of hour cells pre- and post-1950

were classified on the same ten-point scale (UFK) for each species, with no

correction made for scale differences. For the species distribution maps in the

Atlas, however, the exact pre- and post-1950 dimensions of the hour cells and

atlas cells were used.

2) In her analysis of changes in the floristic quality (based on the number of

species with a small ecological amplitude) of ecosystem types called ecotope

groups pre- and post-1950, Plate (1990) added a constant ten percent (derived
from the general formula S = ¢.A% with a default value for z) to the number of
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species in the atlas cells post-1950 to compensate for the 20% difference in area
per grid cell between the two periods.

3) In their analysis of the changes in species frequencies in quarter cells pre-1950
and km cells post-1975, Groen et al. (1997) did not correct for scale difference.
They argued that such correction was unnecessary, because the greater
probability of finding a species in a quarter cell, due to its larger area, is
compensated by the lower survey intensity pre-1950.

4) Witte (1998) extrapolated threshold values for different floristic quality
classes (based on the number of species and their ecological amplitude) of
ecotope groups from km cells to larger grid sizes.

5) For the Dutch Red List, Van der Meijden ef al. (2000) extrapolated threshold
values for the various categories of threat from (post-1950) atlas cells to km cells
on the basis of the uncorrected frequencies at different spatial scales.

6) Witte and Torfs (2002) recently extrapolated species frequencies at different
scales on the basis of distribution data from 1975 onwards. This extrapolation
method had not yet been applied in floristic research.

All the approaches thus far used to correct for differences in scale have their
shortcomings. In most Dutch studies comparing floristic data pre- and post-1950, no
corrections were made, or only very crudely, leading to a general overestimation of
species presence prior to 1950. The new method of Witte and Torfs (2003) makes no
allowance for regional differences in distribution patterns, does not permit linkage of
data from individual grid cells across different periods and is presently based solely
on national distribution patterns of plant species post-1975.

2.2.3.  Different map projections

In 1950 the Bonne projection (a pseudoconic projection) used for the grid cells in
Dutch topographic mapping, was superseded by a stereographic projection (an
azimuthal, stereographic projection using the ‘Rijksdriehoekmeting’ (or RD
coordinate system). According to Kloosterman and Van der Meijden (1994) the
switch from a Bonne to a stereographic projection can be regarded as “a small non-
disruptive shift of the quarter cells in the northern part of the Netherlands”.
According to Groen et al. (1997) this shift amounts to about 1 km. In Fig. 1 it can be
observed as a slight rotational displacement of the respective grid axes.

Because of the presumed minor effect of this change in projections pre- and post-
1950, this difference has generally been neglected in Dutch floristic studies. The
only researchers to have included included quarter cells just over the German and
Belgian borders (according to post-1950 geographical co-ordinates) have been Van
der Meijden et al. (1996), as part of a control procedure to evaluate recent rare and
unusual observations.

Some floristic studies have made use of observations of linked individual grid cells
pre- and post-1950 (see section 2.1), but without correcting for the difference in
projection. The researchers assumed that the recent topographic co-ordinates of the
map sheets were the same before and after 1950. Since quarter cells are larger than
km cells, a choice had to be made as to which specific km cell a quarter cell could be

Gorteria Supplement 6 21



linked to. The decision was taken to link the quarter cell to the km cell containing
the centre of the quarter cell (Groen et al. 1997, Van der Meijden et al. 2000). One
major consequence of this procedure was that there was no proper inter-period
linkage between individual cells, especially in the coastal and border regions of the
Netherlands.

From the overlay between the quarter cell and the km cell grid system we
measured an approximately 0.4 degree clockwise rotation of the grid axes of the
Bonne projection relative to those of the stereographic projection (Fig.1). This
rotational shift appears to be the same in different parts of the Netherlands and the
same for the horizontal and vertical axis. In contrast to earlier conclusions, it is not
restricted to the northern part of the Netherlands but occurs in all coastal and border
regions and is approx. 2-3 km across the country.

2.2.4. A new GIS-based method for downscaling distribution data

In this section a new GIS-based method is presented for downscaling data on the
presence of individual plant species from quarter to km cells. This method takes into
due account the following: a) differences in map scale and projection, b) differences
between species in national distribution patterns and within species in regional
distribution patterns, and c¢) border and coastline effects. The method converts
observations from quarter cells to km cells for individual species, allowing
observations pre-1950 and post-1975 to be precisely linked on a one-to-one basis.
The method comprises the following steps:

1) First an overlay was made of the quarter and km grids (Fig. 1), using a
Geographic Information System (GIS) (ArcView).? As a consequence, each quarter
cell is divided by the km grid into several km parts and vice versa.

For each individual species of interest, the following four steps:

2) Species presence in a quarter cell is expressed as 130 ha of land (including small
fresh waters), which is equivalent to 100% presence in a quarter cell, and divided
proportionally over its km cell parts.

3) In each km cell, the parts are added up.

4) If at least 50 ha (equivalent to 50% presence in a km cell) of the parts composing
the km cell show species presence, an individual species is assumed to be present in
that km cell.

S) Each quarter cell observation is linked at least to that km cell with the highest
sum of hectares. The last step is required for coastal and border quarter cells, much
of which may lie in the sea or in neighbouring countries. The reason for this step is
that these cells contain less than 130 ha of land.

2 The overlay was prepared by Mr. R. van Ek of the Dutch Institute for Inland Water Management
and Waste Water Treatment (RIZA), Lelystad.
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Fig. 2. Ratio of no. of grid cells per species after conversion from quarter cell to kilometre cell grid.

The result of this GIS method is a km-cell version of the quarter-cell-based
FLORIVON database, which contains all available data on Dutch plant species
presence prior to 1950. Less detailed scale mapping means an increase in the
number of observations per species, and the total number of records in the km cell
version of FLORIVON is 2.1 million, a factor 1.23 higher than the original. Fig. 2
shows the number of records per species after conversion of quarter to km cells for
all Dutch plant species. For individual species, the precise increase in the number of
records after conversion depends on the specific distribution pattern, especially in
the case of rare species. For rare species with a very clumped distribution pattern,
the increase is by a factor of 1.3, dropping to about 1.0 for the most widespread
species.

The method outlined above is a simplified version of the method originally
developed for the national model DEMNAT (Claessen et al. 1996, Witte 1998,
Runhaar 1999, Van Ek et al. 2000), which has been used for scenario studies to
assess the impact of water management policies on terrestrial vascular plants. The
original method focuses on floristic quality in quarter cells rather than species
presence and also includes site suitability of the quarter cell parts as a weighting
factor in the above procedure (Tamis et al. 2000).
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23. Differences in geographical coverage

2.3.1. General

The following key problem confronting biodiversity surveys is incomplete
geographical coverage by sufficiently surveyed grid cells, especially at more detailed
scale levels. This also holds true in the Netherlands, affecting surveys of virtually all
groups of plants and animals (Vereniging Flora en Fauna 1997, Van Nieukerken and
Van Loon 1995), including vascular plants (e.g. Groen et al. 1997, Witte 1998).
Gaps in geographical coverage often go hand in hand with uneven distribution in
time and space of the grid cells that have been surveyed. (The precise meaning of
‘sufficiently surveyed’ will be discussed below, in section 2.4.)

The main reasons for incomplete geographical coverage in the Netherlands are
uneven distribution of observers (more in densely populated areas); limited means of
transportation prior to 1950; lack of botanical interest in the main agricultural
regions, which have few if any natural areas, as in the provinces of Friesland and
Groningen and the Flevoland polders; and differences in provincial monitoring
practices (e.g. Weeda 1985, Groen 1997, Witte 1998, Tamis ef al. 2000). Given this
incomplete geographical coverage, no reliable estimates of plant species presence
are available for the country as a whole. The partial estimates are biased,
furthermore, towards better investigated regions and periods, hampering correct
interpretation of changes, both spatial and temporal.

In this section we describe the regional and temporal variation in geographical
coverage of sufficiently surveyed grid cells in the Netherlands, the solutions adopted
until now in international and Dutch floristic research, and their respective
shortcomings. Finally, a weighting method is described to correct for incomplete
geographical coverage of floristic distribution data in the Netherlands.

2.3.2.  Geographical coverage of floristic observations in the Netherlands

The degree of geographical coverage varies in the different regions of the
Netherlands. As an example, in Fig. 3 the IJsselmeer polders and the northern
marine clay region have a large number of unsurveyed or insufficiently surveyed
grid cells, while in the western peat region, for example, there is almost complete
coverage. Geographical coverage varies not only in space but also in time. In Fig. 4
we see that the fraction of insufficiently surveyed grid cells is approx. 65% for the
periods 1902-1950 and 19751985 and approx. 50 % for 1985-20003 4

Four basic strategies can be distinguished for tackling the problem of incomplete
geographical coverage, viz.:
1) Upgrading by experts: fotal national values (for species presence, changes,
etc.) are upgraded by means of expert judgement (e.g. Van der Meijden et al.
1991, Ellenberg et al. 1992).

? Period definiton in this study: from year (¢.g. 1902) — = up to (thus not including) year (e.g.1950).
* For the purpose of this figure, km cells with at least 90 species present were defined as
sufficiently surveyed in that study (Tamis et al. 2000); see also section 3.3.
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species) and non-surveyed km-cells per eco-region (see also Fig. 6) in the period 1975-2000;
source: Tamis ef al. (2000).

2) Extrapolation: values for individual insufficiently surveyed grid cells are
predicted using statistical regression methods, including spatial statistics (e.g.
Augustin et al. 1996, Iverson and Prasad 1998, Wolgemuth 1998, Heikkinen
1998, Guisan et al. 1999, Bio 2000, Pebesma et al. 2000). This method takes the
presence of species or species number in sufficiently surveyed grid cells as a
dependent variable and regresses it against independent landscape-ecological
variables such as soil type, water level and management.

3) Aggregation: data collected on a more detailed scale are aggregated to a less
detailed scale (e.g. Mennema et al. 1980, Rich and Woodruff 1996, Telfer ef al.
2002, Preston et al. 2002).

4) Repeated sampling: a sample of sufficiently surveyed grid cells is taken which
have been repeatedly investigated over several periods. Although this does not
solve the problem of incomplete coverage, it does yield an unbiased estimate of
changes if the sample is representative (e.g. Rich and Woodruff 1996, Groen et
al. 1997, Van der Meijden et al. 2000, Telfer et al. 2002).
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Several of these solutions have been implemented in the Netherlands, often in
combination. Before about 1990, data on vascular plant species presence in the
Netherlands were first aggregated to the hour cell or atlas cell level. The resulting
total frequencies were then classified on a simple ten-point scale (UFK). These
UFK-values were then evaluated and if necessary upgraded or downgraded by
experts (Mennema et al. 1980, Plate 1990, Van der Meijden et al. 1991). More
recently, Tamis ef al. (2000) extrapolated floristic quality for insufficiently surveyed
km cells for moist and wet ecosystems, based on the number of species and their
ecological amplitude. Pebesma and Bio (2002) developed an extrapolation
procedure for predicting species presence in insufficiently surveyed km cells®. Groen
(1996), Groen et al (1997) and Van der Meijden et al. (2000) used the repeated
sampling procedure, but reported that the samples were biased towards the better
investigated regions.

The various methods used to correct for incomplete geographical coverage cited
above all have their disadvantages. The upgrading method is held to yield the best
estimates, but depends on (limited) availability of experts in the floristic field.
Extrapolation methods are complex and time-consuming, but have the advantage of
objectivity and reproducibility. With the aggregation method, important detailed
information is lost. The repeated sampling hinges on samples being representative.
Recent Dutch floristic studies do not allow for the incomplete geographical coverage
of sufficiently surveyed km cells, or only partially. Distribution studies in other

* Witte (1997) developed a particular variant of the extrapolation method which uses the presence
of so-called ‘guiding species’ (Witte’s term for ‘indicator species) in a km cell to predict the
presence of other (non-observed) species in the same km cell. This method cannot be used for
unsurveyed or poorly surveyed grid cells and will therefore be considered further in the next
paragraph, which deals with the problem of incomplete species lists.
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European countries generally use much larger grid cells, as in the UK (10 km grid),
for example, while the EU employs a 50 km grid. In these cases, geographical
coverage is consequently often complete, or almost so.

2.3.3. A new correction method for incomplete geographical coverage

We chose to develop a new method to tackle the problem of incomplete
geographical coverage of sufficiently surveyed km cells. The ultimate goal of this
method is to produce unbiased total estimates of presences of plant species at a
national level. We developed a method we term ‘regional filling-up’, explained in
detail below. The main elements of this method are division of the Netherlands into
ecological regions and the assumption that the samples of sufficiently investigated
grid cells within each region are representative. We also investigated, qualitatively,
the representativeness of regional samples. Finally, by way of partial validation, we
compare the upgraded UFK-values (Van der Meijden et al. 1991) with the results of
our method. The upgraded UFK-values are generally interpreted as being the best
total estimates of the Dutch flora at the hour cell level.

The regional filling-up method consists essentially of the following steps:

1) Division of the Netherlands into twenty-five eco-geographical regions (E) (based
on Weeda 1996 and Klijn 1997, see Fig. 5); in each region the total number (Tg) of
km cells was counted.

2) In each of these eco-geographical regions the number (Ng) of sufficiently
surveyed km cells was counted; a km cell was considered sufficiently surveyed if at
least 80 species had been recorded in it (see next section).

3) The regional ratio (Wg) was calculated as the ratio of the total number (Tg) of km
cells in the region divided by the number of sufficiently surveyed km cells:

Then, for each plant species and each ecogeographical region:

4) The number of presences (or frequency) Fg within the well-surveyed grid cells
was counted.

5) The total presence of a species in a region was calculated by multiplying the
regional ratio by the frequency: Fg X WE.

6) The total presence values for all regions were then summed (see formula below),
yielding the total national frequency of the species in question.

To obtain a readily interpretable number:

7) The total national frequency is divided by the total number of km cells in the
Netherlands (which differs from period to period), Anen (see formula below)

8) and multiplied by one thousand to yield total national presence, Pyen, €xpressed
as a permillage (see formula) of the total number of km cells in the Netherlands.

1,000 £%
PNm:A XZFEXWE

e
Neth E=l
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Fig 5. Eco-geographical region classification of the Netherlands used for the regional filling-up
method; source: Tamis ef al. (2000).
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These permillages were calculated for all species for the different periods and
applied in analysing the various changes in the Dutch flora. They were also
classified on a new, simple 10-point classification scale, called the KFK (Dutch
acronym for KilometerFrequentieKlassen, see Appendix and Tamis and Van ‘t
Zelfde 2003). Fig. 6 shows the result of applying this regional filling-up method for
two periods (1902-1950 and 1988-2000) and at two scale levels (hour/atlas and km
cells). As the regional filling-up method yields a figure for total national presence,
its effect is greater for the less well-investigated period and the more detailed scale.
The effect of the new method for each species has been expressed as the ratio
between total national presence after and before its application. From Fig. 6 we see
that this effect is greater for the period 1902-1950, with less complete geographical
coverage (ratio: 2.3). We also see that, on average, the effect of regional filling-up is
not different for rare and common species, although the former have a larger range
of ratios than the latter. The smaller range for the common species is obviously an
effect of the bounded conditions’: in extremo, a common species present in all
sample cells can have only one ratio, viz. the ratio between the area of the
Netherlands and the area of sufficiently surveyed grid cells. Finally, we see that the
effect of this regional filling-up method is far smaller for hour cells or atlas cells
(almost one) than for km cells, which nicely illustrates the effect of the aggregation
procedure on geographical coverage.

One of the basic assumptions of the regional filling-up method is that the
stratified regional samples are representative. As there is no independent information
with which to evaluate the true representativeness of the samples (for which purpose
we would require information on all grid cells, but then we would obviously no
longer need to correct for incomplete coverage), we used an indirect approach,
comparing the results of the regional filling-up method described above with a
second, more elaborate method. This second variant also takes into account the site
suitability of regional samples and regions (e.g. Klijn 1997, Witte 1998), thereby
automatically correcting for any non-representativeness. As each plant species has
specific site requirements, the second variant of the method is far more complex,
because calculations must incorporate the different ecological requirements and
amplitudes of each plant species.

The comparison was carried out for four species with very different ecological
requirements: 4lisma plantago-aquatica, Aristolochia clematites, Blechnum spicant
and Cicendia filiformis. In doing so, we used several different thresholds to define
whether a grid cell has been ‘sufficiently surveyed’ (an issue discussed in detail in
the next section), performing the analysis for all three periods. Application of the
regional filling up method leads to a corrected figure for total national presence of
the investigated species that is about twice as high as the uncorrected figure. The
results of the two procedures appeared to be almost identical, as can be seen in Fig.
7, indicating that our own, simpler regional filling-up method is almost as valid as
the more detailed habitat-based variant of the method. We interpreted this as an
indication that the available samples in the different regions are representative.

By way of partial validation, for two periods we compared the UFK-values,
upgraded by experts (as described in section 3.2), with the results of our regional
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filling-up method, which were classified on the UFK-scale; see Fig. 8. The present
method can be seen as a fully formalised version of the upgrading by experts of the
UFK-values. The latter method includes important expert judgement steps; still it is
regarded to produce the best available estimates.

For about 70% of the species the UFK-values of the two methods are identical.
For the two periods examined, the measure of concordance, kappa, is 0.68 and 0.62
and highly significant (P<0.001). The fact that the regional filling-up methods yields
results that are comparable to those of the latter method can be seen as indication of
its reliability. The higher UFK results for the commoner species after weighting are
intuitively supported by a number of experts (pers. comm. Van der Meijden).

24. Incomplete species coverage

2.4.1. General

The number of species present in a given grid cell depends on a multitude of factors,
rising with area (species-area relationship), habitat diversity, extensiveness of land
use/management, age and geographical connectivity (a.o. Feekes 1936, Joenje 1978,
Di Castri 1989). The number of species actually observed in a particular grid cell
will depend additionally, of course, on how the data are collected. In this respect we
can distinguish sufficiently surveyed, partially surveyed and unsurveyed grid cells.

The problem of geographical coverage of sufficiently surveyed grid cells was
discussed in the previous section. In this section we focus on the issue of when a
grid cell is to be deemed ‘sufficiently surveyed’. A particular field survey may be
‘partial’ in several respects, including seasonality (only summer records, say, with
none in spring), duration and number of visits within a year, and selective surveying
of rare habitats, rare species or accessible sections or habitats of a given cell (Rich
and Woodruff 1992, Rich 1997, 1998a, b, c). According to Witte (1998), for
example, in the early 20" century wet and aquatic habitats were relatively poorly
surveyed because in that era there were no cheap boots available.

One particular problem relates to multiple visits to the same grid cell over
different years. This problem of ‘survey intensity’ will be discussed below, in
section 5.

A partial survey of a grid cell yields an incomplete species list and is therefore a
form of inventory bias. If no allowance is made for incomplete lists there may be
erroneous interpretation of results on species trends, for these lists are generally
taken to have an overrepresentation of less common and of easy recognisable
species (Witte 1998, Williams 2000).

In this section we examine the various options for tackling the problem of
incomplete species lists and consider their respective drawbacks. For one of the
solutions — selection of sufficiently surveyed grid cells — we also examine the
consequences for estimates of national presence of rare and common species and
national increase or decline.
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Fig. 7. Total national presence (expressed as permillage) of four plant species after application of
regional filling-up method (with various selection thresholds) for three periods. Two variants of this
procedure were investigated: weighting (abbreviated: wt.) by area and by site suitability
(abbreviated: wt. by suit.). See text and Fig. 4. for further explanation. Fig. 7. is continued in the
annex of this chapter.

Gorteria Supplement 6 33



period 1902-1950

10

9
‘?" 8
£ 7
Z 6
: @® no difference
% 5
= o difference
2 4
o
E 3
5 2

1

0

0 1 2 3 4 5 6 7 8 9 10
UFK, expert
period 1975-1985

10 ¢

9 |
-
@ 7 |
= 6|
L_- ‘ @ no difference
2 5
s o difference
2 4
2

3
g 3
= 9
5 2

UFK, expert

Fig. 8. Comparison of original UFK and UFK based on regional filling-up method for two periods
(see text). Bubble size represents number of taxa, the largest standing for about 135 taxa. The black
bubbles represent the number of species yielding the same UFK in each method; in the case of the
white bubbles the two methods yield different UFK’s.

34 Gorteria Supplement 6



2.4.2.  Sufficiently surveyed grid cells

It is estimated by experts that the number of vascular plant species in a well-
surveyed km cell in the Netherlands lies between 100 and 300, depending on land
area, landscape-ecological diversity and the other factors cited above. Van der
Meijden ef al. (1996) and Groen (1996) report an average figure of 150180 species
per sq. km. Van der Maarel (1970) cites an average of 70-120 species per quarter
cell (1.30 km?), but Van der Meijden et al. (1996) consider this an underestimate.
Fig. 3 shows the median number of species per sq. km in the various regions of the
Netherlands. This figure ranges from about 120 for marine clay areas to about 180
for the dunes.

There are several options for addressing the problem of incomplete species lists:
1) Selection: only those grid cells are included in which the number of recorded
species exceeds a certain threshold set arbitrarily by experts.
2) Extrapolation: the presence of species that have not been recorded is predicted
by means of statistical regression analysis (cf. section 2.3); one particular
extrapolation variant is the ‘gap-filling’ method developed by Witte (1998),
described below.
3) Standardisation: rather than incomplete species lists being augmented, the
number of visits to the grid cells in question within a region is standardised to the
number of visits to neighbouring cells to permit comparison of results
(Prendergast et al. 1993).

Selection is the approach most often adopted in Dutch floristic studies, with Witte’s
variant of the extrapolation method used to a lesser extent. The situation to date can
be summarised as follows. Many studies have employed a fixed, nationwide
threshold for the number of species recorded in a given (quarter or km) cell for it to
qualify as ‘sufficiently surveyed’ (Groen 1996, Groen et al. 1997, Witte 1998, Witte
et al. 2000, Van der Meijden et al. 2000, Tamis et al. 2000, Pebesma and Bio 2002).
In all these studies a threshold of between 50 and 100 species was taken. Some of
these studies used only commoner species for this selection process, or applied
selection after the original data had been augmented in some way.

It is also possible to use variable thresholds for the number of species per grid
cell. Witte and Van der Meijden (1995), for example, defined well-surveyed km
cells as those for which there are sufficient data available to make the presence of at
least one ecotope plausible, a threshold they term the Noise Limit. Today FLORON
employs a threshold that varies from region to region (pers. comm. C.L.G. Groen).

Witte (1998) developed an extrapolation variant termed the ‘gap-filling’ method,
which proceeds from the observation that rare species can often act as ‘guiding
species’ (Witte’s term) for commoner species. The presence of such species in a
given grid cell thus allows the species list to be augmented with the ‘associated’
commoner species.

These correction methods for processing incomplete lists all have their
drawbacks. One major problem with the standard selection method is the use of a
fixed threshold for the number of recorded species. This means that a certain portion
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of species lists remains unused, even though many records of important rare species
may be contained precisely in the lists in question. Excluding these lists then leads
to an underestimate of rare species and an overestimate of commoner species. A
second issue is the effect of selection on the assessment of species increase and
decline. In particular, the selection method is problematical for species-poor
ecosystems like brackish and saltwater systems and raised bogs, which will then be
underrepresented (Van der Meijden ef al. 2000). On the other hand, Witte’s gap-
filling method (Witte 1998) only works if there are a sufficient number of ‘guiding
species’ present and takes no account of regional variation, moreover.

In other countries there has been little research into the effect of incomplete species
lists. Williams (2000) examined the average rarity of bumble-bee species in England
in 10 km grid cells as a function of number of species observed. On average, he did
not find a higher share of rare species in incomplete inventories (with the exception
of a limited number of grid cells). This is in agreement with the results of our own
study.

A study by Prendergast et al. (1993) showed that standardising the number of
survey visits has only a limited effect on the distribution pattern of biodiversity
hotspots. Heikkinnen (1998) has demonstrated that although the impact of number
of visits on species lists is significant, it was still only marginal (2%). This means
that despite the existence of survey errors, differences in species richness are so
large that even uncorrected data yield useful results.

2.4.3.  Further analysis of consequences of selection method

We have developed no new alternatives for addressing the shortcomings of existing
methods for augmenting incomplete species lists. However, we did take a closer
look at one of the methods most commonly used, viz. the selection method,
examining, on the one hand, the presumption that incomplete lists contain more rare
species and, on the other, its consequences for estimating species increase and
decline.

In this part of the research, which was qualitative in nature, six species were
selected for study, varying in terms of rarity, increase or decline in the 20™ century,
and habitat type: Alisma plantago-aquatica (common, unchanged, aquatic), Angelica
sylvestris (common, unchanged, wet), Aristolochia clematites (rare, unchanged,
dry), Blechnum spicant (rare, in decline, woodland), Cicendia filiformis (rare, in
decline, wet) and Hydrocotyle ranunculoides (rare, increase, aquatic).

For the minimum number of species in a grid cell for the species in question to
be included in subsequent analysis we applied a series of ever larger thresholds,
from 1 up to 80. To this we added a Noise Limit, as outlined above. In practice, this
latter limit proved to mean that more than a minimum of 80 species was present. For
comparison, the results of no selection were also included.

The presumption that incomplete lists contain more rare species was investigated
in two ways for the six species (both rare and common) cited. The first approach
proceeded from the fact that if the presumption is correct, exclusion of incomplete
lists (and thus selection of more complete lists) will lead to selection of grid cells
with a smaller share of observations of individual rare species. We examined this by
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plotting the cumulative share of observations of a given species against the rising
threshold for the number of species. At a threshold value of at least 1 species, 100%
of the observations of both rare and common species are present in the selected grid
cells. This percentage decreases with rising threshold and the decrease should be
more pronounced for rare species. The analysis is shown in Fig. 9. When selection is
based on thresholds of 40 and 80 species we see that the selected species lists
contain, respectively, 90% and 80% of observations for all six species, i.e.
irrespective of rarity (correlation between rarity and percentage of observations:
—0.18 n.s.).

In the second approach we examined the species frequency in the selected grid
cells for the various different thresholds. ‘Frequency’ is defined here as the
percentage of grid cells containing a given species, with rare species scoring low and
common species high. If the cited presumption were valid, then rare species
presence should decrease with rising threshold, with the presence of common
species increasing. This was investigated by plotting species presence against rising
threshold value; the results are shown in Fig. 10. We see that the presence of all
selected species increases with rising threshold value, irrespective of rarity, with the
exception of the neophyte Hydrocotyle ranunculoides. This is probably due to the
fact that individual observations of this species are generally reported because of its
novelty.

For the overall floristic study described in this dissertation we adopted a
pragmatic approach, taking a threshold of 80 species for a grid cell to be deemed
sufficiently surveyed.

The effect of the selection method on estimated trends in species presence was
examined by plotting the degree of change against the threshold value, the former
calculated as the ratio between national presence in the periods 1988-2000 and
1902-1950. The results are shown in Fig. 11 for the two variant weighting methods
(cf. section 3). The selection procedure proves to have only a small impact on the
degree of change thus calculated. In general it can be said that as the threshold rises
there is a decline in percentage increases and rise in percentage declines. For Alisma
plantago-aquatica there is an increase at low thresholds and a small decline at high
thresholds.
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2.5. Differences in survey intensity and problems with plant identification

2.5.1. General

This section considers two other kinds of survey bias: differences in survey intensity
and problems with species identification, describing the issues involved, and
presenting some possible solutions.

2.5.2.  Differences in survey intensity and length of survey period

One particular form of survey bias arises because floristic data collected in different
years are aggregated, by species and by grid cell, into extended periods for the
purpose of analysis. The basic reason is that geographically comprehensive surveys
are never completed within a single year or even several years. In the Netherlands,
for example, the first nation-wide survey of vascular plants took about 50 years to
complete (Mennema et al. 1980). An added complication for this particular period
was that the years of site visits have not (yet) been digitised, rendering further
analysis impossible (Kloosterman and Van der Meijden 1994, but see Tamis ef al.
2003). Aggregation of data into extended periods leads to two problems, related to
differences in survey intensity and in length of survey period, occurring separately
or in combination.

Survey intensity refers to the number of visits made over a multi-year period.
This may vary from area to area, as well as from survey period to period. Although
in the past few decades there is solid information as to which years particular grid
cells were visited, (far) less is known about the quality of those surveys in individual
years. What we have here, then, is an overlap between the problem of incomplete
species lists (cf. section 4) and that of survey intensity. The issue is worth discussing
separately, though, because even sufficiently surveyed grid cells may exhibit
differences in species number arising through differences in survey intensity.
Obviously, those periods or areas in which surveying has been more intensive will
generally comprise a greater number of observations. One group of plants for which
this is particularly true are those of ephemeral habitats, found at different locations
in different years depending on habitat availability. Taking into account the in
distribution over the period concerned, the aggregate result will represent an
overestimation. In the Dutch literature this is referred to as the ‘summation effect’
(e.g. Weeda 1985, Plate 1990).

Generally speaking, survey intensity has been greater in more recent periods.
Some areas of the Netherlands (the dunes, for example) have also been more
intensively surveyed than habitats in farming regions, say. If no allowance is made
for this fact, it might be erroneously concluded, for example, that certain species
have increased over the years or become commoner than they in fact are, as in the
case of ephemeral species.

Survey periods, measured in years, may differ in length. The main problem here,
of course, is that there may be major floristic changes over such a long period that
are subsequently masked by the process of data aggregation. The scope for
identifying changes also depends on the choice of cut-off points, i.e. the beginning
and end of the period in question (Plate 1990).
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In the international literature a limited number of solutions have recently been
proposed to account for differences in survey intensity. Telfer et al. (2002)
developed a “relative change index” that corrects for a general change in the
presence of all species due to an increase in recording effort and based on grid cells
that have repeatedly been sufficently surveyed. Rich and Woodruff (1996)
developed a method in which the increase in the total number of records due to an
increase in recording effort is used as an inter-period correction factor, particularly
for rarer species.

In Dutch floristic studies differences in survey intensity have been tackled as follow.
Generally speaking, no attempts at correction have been made, as in the case of the
Atlas of the Dutch Flora, for example. Similarly, Groen ef al. (1997) did not correct
for differences in survey intensity or survey period, reasoning that survey intensity
could be taken as approximately the same in the long period 1902-1950 as in the
shorter periods of about 10 years since 1975. Van der Meijden (internal EKI report)
distinguished a number of species for which a ‘summation effect’ is to be
anticipated. He then applied correction factors of % and % for presence of these
species in the longer period to render them comparable with the results for shorter
periods. As yet, then, Dutch floristic studies have shown little concermn for
differences in survey intensity and duration of survey period.

In the research described in this dissertation we statistically analysed changes
between survey periods by means of regression analysis. This makes automatic
allowance for general unexplained changes across all species, as in the method of
Telfer et al. (2002). Changes between periods (D) are analysed using statistical
regression methods, with a constant (C) being included alongside the explanatory
environmental variables (E), viz.:

D=C+a; xE; +a;xE,; +etc.

The constant C now describes the general change between two periods that cannot
be explained by the other model variables.

This method proceeds from the key assumption, however, that the general inter-
period change across all species is related to differences in survey intensity. In the
Netherlands, however, the widespread change in plant presence in the course of the
20" century due to such factors as changes in land use is seen as a real change. Until
data on these changes are collected in a systematic fashion, no distinction can be
made between a real change and one due to an increase in survey intensity.

2.5.3.  Plant identification problems and taxonomic changes

Three kinds of identification and taxonomic problems can be distinguished:
- ‘difficult’ species and species groups

- species apparency (‘showiness’)

- taxonomic changes over time.
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Floristic surveys are carried out largely by volunteers, augmented by a relatively
small number of professional botanists. Within the former, expertise varies
substantially when it comes to finding and correctly identifying plant species.
According to Rich and Woodruff (1992), Rich and Smith (1996) and Rich (1997,
1998a, b, c) this variation in expertise is the principal source of differences in the
number of records between grid cells, areas and periods.

The problem is particularly acute for taxa that are hard to identify, such as

hybrids and subspecies, and for certain species groups like grasses, sedges and
rushes and yellow crucifers and composites. However, at the same time
identification skills have improved in the course of the 20™ century as better floras
and keys have become available and amateur botany courses have greatly improved
in quality. If no allowance is made for this variation in identification skills, there is a
risk of certain ‘difficult’ groups being erroneously identified as increasing in
presence.
Apart from this problem of ‘difficult’ taxa, species also vary considerably in
apparency and likelihood of being found. Important features in this respect include
plant height, flower size, flower colour, duration of visible presence and physical
accessibility of the vegetation.

Furthermore, the twentieth century has seen a great many taxonomic changes,
with some taxa being split up and others lumped together at the subspecies or
species level. In the Netherlands, summaries of these changes are provided in the
various editions of Heukel’s ‘standard’ flora. Among the many cases in point is
division of Alisma plantago-aquatica into three species: A. plantago-aquatica, A.
lanceolatum and A. gramineum. If this is not strictly accounted for in trend analysis,
species will be erroneously held to be ‘new’ or ‘extinct’ (locally, regionally,
nationally). Such species will then still be present in the database, but as part of a
different taxon.

There are two basic strategies for tackling these problems:

1) exclusion of “difficult’ or unreliable species and

2) aggregation of these species to species or species groups that are more readily
identifiable (e.g. Wohlgemuth 1998).

In Dutch floristic studies the following strategies have been adopted. in the case of
the Red List for the year 2000, Van der Meijden et al. (2000) corrected the number
of records based on expert judgment. Witte (1998) and others excluded a set of
species on which data is held to be unreliable or unusable. Tamis et al. (1997)
classified some 600 rare Dutch species according to the various aspects of ease of
finding and of recognition and selected a homogeneous set of rare species for a
national monitoring grid.

Although all (amateur) botanists are familiar with differences in ease of finding
and of recognition, the impact of these differences on the comparability of
distribution data has never been systematically investigated. In the research
described in this dissertation we employed a combination of methods to this end:
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- categorisation of all Dutch species as easy, moderately difficult or difficult to
identify. Depending on the period under analysis, difficult and/or moderately
difficult species were excluded;

- aggregation of ‘difficult’ species (e.g. Alchemilla and Callitriche species); see
Table 2 of the Annex of this study for a full review;

- aggregation of species that have been split or lumped in the 20™ century; see Table
2 of the Annex of this study for a full review.

2.6. Conclusions

2.6.1. General

In the Netherlands over 10 million records of vascular plant observations from the
20" century have been digitised at a scale level of (approx.) 1 km’, creating
enormous scope for research relating to nature conservation and environmental
policy, among other areas. As this vast reservoir of data has not been collected
according to any systematic procedure, however, there is inevitably a certain amount
of survey bias. We identified five categories of bias, for some of which we have
developed new corrective strategies or re-examined existing strategies In the review
of the changes in the Netherlands’ flora in the 20th century described in this
dissertation, a combination of strategies has been employed. In this section we
present and discuss the main conclusions regarding survey bias.

2.6.2. Differences in scale and map projection

Earlier Dutch floristic analyses paid little attention to the effects of differences in
scale and map projection in the pre- and post-1950 era, leading to overestimation of
the presence of rare species prior to 1950. We have developed a new GIS-based
method that duly allows for these differences in scale and projection, as well as for
differences in species distribution patterns and the effects of coastal and border
regions with incomplete cells. The results obtained can be used at the local, regional
and national level. Even with this GIS method for correcting for the effects of scale
and projection differences, however, there are still several issues requiring further
study, such as quantification of the effects, refinement of the procedure on the basis
of site suitability and different thresholds for species presence at the new scale (in
relation to rarity of the species) after division of species presence at the old scale.

2.6.3.  Incomplete geographical coverage

A major problem when using distribution data at the more detailed scale level of
about 1 km’ is incomplete geographical coverage, which again leads to incomplete
estimates of species presence. To address this problem we designed a simple
regional ‘filling-up’ method based on representative sampling of various regions of
the Netherlands and compared the results with experts’ best estimates of national
species distribution. The two methods proved to yield very similar results. As an
alternative to the regional filling-up method, statistical extrapolation methods can
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also be used (for the Netherlands, see Pebesma 2000, Tamis et al. 2000, Pebesma
and Bio 2002). Although the latter may provide better results (predictions at the
local, regional and national scale level that duly allow for differences in regional
distribution patterns), they are rather laborious and have not been used in this thesis.

2.6.4. Incomplete species coverage

There are always certain grid cells that have been only partially surveyed, and the
incomplete species lists for these cells are generally regarded as containing mainly
rare species. One of the most common strategies to tackle this problem — simply
excluding such lists — might therefore well lead to underestimation of rare species.
However, further investigation of the effects of excluding these lists showed that
rare species are not in fact better represented in them and that their exclusion does
lead to more reliable estimates of national species presence. When incomplete lists
comprising fewer than 80 species were excluded, 80% of the individual records were
still found to be included on the remaining lists, irrespective of the rarity of the
species in question. The effect of excluding incomplete species lists on trends in
species presence was also investigated. Excluding these lists was found to yield a
better picture of species decline. Thus, one general conclusion is that excluding
incomplete species lists leads to better estimates of presence and changes in
presence.

When incomplete lists are to be excluded from analysis, use is generally made of
a fixed threshold, i.e. a minimum number of recorded species in a grid cell for it to
be included. This threshold is arbitrarily chosen and dispriveleges species-poor areas
such as salt-water and brackish ecosystems. A better alternative for assessing
whether a grid cell has been sufficiently surveyed would be to estimate the expected
number of species in the cell in question in the light of the types of habitats involved
(e.g. Iverson and Prasad 1998, Wohlgemuth 1998, Heikkinnen 1998). This is an
issue that requires further study.

2.6.5. Differences in survey intensity and length of survey periods

In the Netherlands there has been an increase in the intensity of floristic surveying as
well as an improvement in botanical knowledge and in identification skills over the
years. For species on the increase, this makes results more difficult to interpret.
However, for species in decline — of which there are many — the decline becomes all
the more apparent. We used the constant of standard regression techniques to correct
for possible diferences in survey intensity, a procedure similar to that employed by
Telfer et al. (2002).

There are two problematical aspects of survey intensity and species identification
that require further study: ‘summation effects’ of ephemeral species, and the
influence of ease of finding and of identification. These issues can be researched by
comparing results for different species groups (ephemeral versus non-ephemeral
species, for example).
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Annex of chapter 2, continuaton Fig. 7. Total national presence (expressed as permillage) of three
other plant species after application of regional filling-up method (with various selection
thresholds) for three periods. Two variants of this procedure were investigated: weighting
(abbreviated: wt.) by area and by site suitability (abbreviated: wt. by suit.). See section 3.3 and Fig.
4 for further explanation
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Blechnum spicant total national presence (wt. by area)
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Annex of chapter 2, continuaton Fig. 7. Total national presence (expressed as permillage) of three
other plant species after application of regional filling-up method (with various selection
thresholds) for three periods. Two variants of this procedure were investigated: weighting
(abbreviated: wt.) by area and by site suitability (abbreviated: wt. by suit.). See section 3.3. and Fig.
4. for further explanation
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3. Ecological interpretation of changes in the Dutch flora in
the 20" century

W.L.M. Tamis, M. van ’t Zelfde, R. van der Meijden, C.L.G. Groen, 1.4. Udo de
Haes

Also published in 2005 in Biological Conservation 125, 211-224. Reprinted with
the permission of Elsevier.

Abstract

This article presents an ecological interpretation of the changes in the vascular flora of the
Netherlands during the 20™ century, paying attention to survey bias and the impact of
environmental and nature conservation policies from 1970 onwards. In the course of the 20"
century some 10 million records of 1,500 vascular plant species were sampled on a 1 kilometre grid
scale. These data were divided into three periods: 1902-1950, 1975-1988 and 1988-2000, and for
each period and species total national presence were calculated. To interpret the ecological
significance species were aggregated into 83 ‘ecological groups’ using a classification based on
five ecological site factors. The changes of these ecological groups were statistically analysed by
RDA. The principal change observed throughout the whole of the 20" century is a marked decline
in vegetation types of nutrient-poor sites, particularly those on neutral soils, and at the same time a
large increase in those of (moderately) nutrient-rich sites. The second most important change was a
decline in saline vegetation types especially between the first and second period. Other important
changes were a decline in grassland vegetation types and an increase in tall herbaceous and
woodland vegetation types. For certain pioneer vegetation types on nutrient-poor, neutral soils
recovery was observed, probably as a consequence of nature restoration projects started in the
1980s. Despite measures to reduce environmental emissions, eutrophication remains a major threat
to the flora of the Netherlands.

3.1. Introduction

The loss of biodiversity has become a major issue, notably since the United Nations
Conference on Environment and Development in Rio de Janeiro in 1992 (e.g. Loh et
al. 1999, Hilton-Taylor 2000, Groombridge and Jenkins 2000, McNeely 2001,
Flavin et al. 2002). However important in itself, loss of biodiversity is but one side
of the coin. The other is the conversion of key natural habitats to secondary ones or
to agricultural or urban land use. However, there is much less information available
about the actual sum of loss and gain, than about the loss of important habitats,
extinctions and numbers of species threatened. In scientific literature, however, there
is only limited information on actual, overall changes in biodiversity (e.g. Riecken et
al. 1994, Moravec 1995, Loh et al. 1999, Preston et al. 2002, Robinson and
Sutherland 2002). This information is often incomplete, moreover, being merely
qualitative, or only averaging losses and gains, or focusing on one type of landscape.
A more balanced picture of changes in biodiversity is needed, because areas with
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man-made and secondary habitats are expanding rapidly as a result of rising human
numbers and growing economic welfare (Guruswany and McNeely 1998).

In the Netherlands there is a lot of documentation about the loss of plant species
in the 20" century. The second part of the Atlas of the Dutch flora (Mennema e al.
1985) provides a list of publications concerning floristic changes up to 1985. Later
publications include e.g. Weinreich and Musters 1989, Van der Meijden et al. 1991,
Groen et al. 1997, Van der Meijden et al. 2000 and Weeda et al. 2000. All these
studies drew more or less the same conclusions regarding changes in and threats to
the Dutch flora. They reported an enormous loss of characteristic national
landscapes and their characteristic plant species, especially coastal habitats, heaths,
fens, bogs, marshes and extensively managed arable fields.However, these studies
have several methodological shortcomings, which are quite common for spatial data
(see e.g. Weeda 1985, Rich and Woodruff 1992, Groen et al. 1997, Telfer et al.
2002). In particular, no correction was made for several types of survey bias.
Besides survey bias, most studies prior to 1985 presented data on a scale of about 5
km grid cells. Numerous studies described changes in the Dutch flora on a regional
scale, and often only qualitatively. Other studies were more quantitative, but
restricted to specific ecosystems: Claessen er al. (1996) and Witte (1998), for
example, focused on freshwater, wet and moist ecosystems. In a recent study, we
investigated possible climate-related effects on the Dutch flora (see chapter 4),
corrections were made for some of the principal types of survey bias and some of the
main historical changes in the composition of the vascular flora described. However,
this picture is not complete, because coastal areas and certain other ecosystems were
largely excluded. In most of the Dutch studies cited above there was no quantitative,
ecological interpretation of the results, except for Plate (1990) and Witte (1998) who
classified plant species into ‘ecological groups’.

In this article we present a comprehensive review of the changes in the vascular
flora of the Netherlands during the 20® century. This study seeks to address the
issues of correction of survey bias and of quantitative ecological interpretation using
the data sampled on a 1 kilometre grid scale. Moreover, we also included new plant
distribution data compiled in the past two decades, enabling us to report on
developments in the final part of the 20™ century. This is especially relevant,
because over the past few decades policy measures have been taken to reverse e.g.
acidification and eutrophication and a large number of nature restoration projects
have been initiated in the Netherlands. We will evaluate botanical change in terms of
the impact of success of Dutch environmental and nature conservation policies. We
adopted a classification of plant species into ecological groups (Runhaar ef al. 1987,
see Annex). By applying this approach we were able to quantitatively interpret the
observed floristic changes in terms of changes in ecological site factors and relate
these changes to possible causes.

The main question of this article is the following: From an ecological
perspective, what are the most important changes to have occurred in the Dutch flora
in the course of the 20" century? This question is broken down further, as follows:
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- Which ecological groups of plant species show the greatest increase or decline in

presence and with which ecological site factors are these increases and decreases

associated?

- How sensitive is the quantitative analysis of these ecological shifts to differences in
how the ecological groups are defined or treated?

- Which specific shifts in ecological site factors can best explain observed changes?

3.2. Materials and methods

3.2.1. Species and area selection

The vascular flora of the Netherlands comprises 1490 plant species and subspecies
considered original or naturalised (Van der Meijden et al. 2000). For 102 of these
taxa we judged the distribution data to be unreliable for tracing the changes
addressed in this study, predominantly because they were planted by man. Besides
these ‘unreliable’ taxa we also distinguished a second group of 126 ‘moderately
reliable’ taxa, most of which belong to so-called difficult species groups. In this
latter case we aggregated many species, subspecies and varieties into combined taxa.
After exclusion of ‘unreliable’ taxa and aggregation of the ‘difficult’ species, a total
of 1289 taxa remained for further analysis. For ease of reference these taxa will be
referred to simply as species. Our study is almost restricted to ‘terrestrial’ grid cells
only, taken to encompass small bodies of freshwater. Before 1950 these grid cells
covered an area of about 35,400 km? rising to about 36,800 km? following
completion of several reclamation projects during the 20" century.

3.2.2.  Periodisation of data relative to environmental and conservation policies

The plant distribution data were divided into three periods. For the first period, from
1902 up to 1950, the data of the FLORIVON database were used (Kloosterman and
Van der Meijden 1994, Witte et al. 2000). No further subdivision of this period was
feasible, as the sampling dates of the FLORIVON data have not yet been digitised.
For this period there are about 1.7 million records, on a grid scale of 1.042 km x
1.250 km (“quarter celis”). For the period 19501974 there was considerably less
information available, mainly on a 5 km % 5 km grid scale and only partly digitised.
We therefore excluded distribution data of the latter period. The second inventory
period starts in 1975 and extends to 1988. For this period data from version 2G of
the FLORBASE database were used (Van der Meijden et al. 1996, Witte and Van
der Meijden 2000), in all about 2.7 million records on a 1 km X 1 km grid scale (“km
cells™). For the third period, from 1988 to 2000, data from FLORBASE version 2G
were also used and there were about 3.3 million records available. The main reason
for taking 1987/1988 as the dividing line between the second and third periods is
that it was not until then that nature restoration activities began to be implemented
on any scale in the Netherlands.

Gorteria Supplement 6 55



3.2.3.  Correction for differences in grids and incomplete geographical coverage

Prior to 1950, distribution data were recorded in quarter cells and after 1950 in km
cells. There was also a difference in map projection of the grids: before 1950 a
Bonne projection and after 1950 a stereographic projection (e.g. Snyder 1993).
Simple comparison of species presence before and after 1950 on the basis of these
different grids would lead to overestimation of presence prior to 1950, especially in
the case of more sparsely distributed species. We therefore introduced a correction,
using GIS to remap the pre-1950 distribution of each species onto a 1 km x 1 km
grid scale (see for details chapter 2).

The principal survey bias is the incomplete geographical coverage in terms of
both space and time of the distribution data. From a statistical perspective, however,
provided the total number of sampling data is sufficiently large and the data are
representative for the Netherlands as a whole, it is still possible to arrive at a reliable
estimate of national trends. In each of the three periods analysed 30-50% of the
Netherlands was deemed sufficiently surveyed, taken to mean that the grid cells in
question have records of at least 80 taxa. This figure accords closely with the criteria
of 50 and 100 taxa taken respectively by Witte (1998) and Groen et al. (1997). A
regional filling up method was applied to obtain an unbiased estimate of the national
presence of plant species in all three periods. For this calculation a classification of
the Netherlands into twenty-five ecogeographical regions was used (based on Weeda
1996 and Klijn 1997). For each of these ecogeographical regions (E) the fraction of
each plant species within the sample of well-surveyed grid cells (Fr) was multiplied
by a regional weight, calculated as the ratio between region area and sample area
(Wg). This yielded the estimated total presence of the species in each
ecogeographical region. For each species these values were then summed. The sum
was divided through the total terrestrial area of the Netherlands A4, and multiplied
by 1,000 to get a total national presence expressed as a permillage Pr (a rate or
proportion per thousand), as given by Formula 1:

E=25
- 1000 ¥ ww, (Formula 1).

Neth  E=l

Pr

3.2.4. Ecological species groups and ecological amplitude

The data on individual species presence were aggregated according to the
‘ecological groups’ to enable shifts in species composition to be ecologically
interpreted and related to natural or human causes. These ecological groups of plant
species have been developed by Dutch researchers as part of an ecosystem
classification (Runhaar et al. 1987, Runhaar and Udo de Haes 1994, Runhaar 1999,
Van Ek et al. 2000, see Annex of this chapter), based on literature and ecological
field research. Each ecological group is characterised by at least five key ecological
site factors: salinity, vegetation structure, moisture availability, nutrient availability
and acidity. The original classification recognises 97 ecological groups. Some of
these groups comprise only a very small number of species and for the present study
these groups were therefore combined with other, allied groups, yielding a total of
83 ecological groups. These ecological groups and their codes are described in the
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Annex to this chapter. Most species occur in more than one ecological group with a
few recurring in many groups, up to a maximum of ten for species like Common
Bent (Agrostis stolonifera). The ‘ecological amplitude’ of a plant species is the
number of ecological groups in which the species occurs. The reciprocal of
ecological amplitude we term the ‘ecological weight’ (w) of the species, which is
used in our calculations. See Witte and Van der Meijden (2000) and discussion (first
paragraph) for differences between ecological groups and plant communities.

3.2.5. Calculation and description of changes in ecological groups between
successive periods

For each plant species we calculated the relative increase or decrease in total
national presence between the periods 1902-1950 and 1975-1988 and between
1975-1988 and 1988-2000. Thus, two rates of decrease or increase were calculated.
For each ecological group the geometric mean decrease or increase was calculated
(Sokal and Rohlf 1969), taking into account the ecological weight of each species.
We also calculated and present in diagrams the average increase or decrease for each
ecological site factor separately. For this presentation we combined the changes
between successive periods in one diagram and we used the overall change, an
increase of 7%, for the whole 20" century as baseline. The changes occurring
between 1902-1950 and 1975-1988 span a larger range than those between 1975—
1988 and 1988-2000. So, we also presented a standardized decadal change for the
twenty most extreme increasing and decreasing ecological groups between the
successive periods, assuming an exponential change in time.

3.2.6. Sensitivity analysis to different definitions of ecological groups.

RDA (for details next section) was used to assess the sensitivity of the analysis of
ecological shifts to different options for defining the ecological groups. These
options were: 1) further aggregation into larger species groups, 2) including
moderately reliable species; 3) including species with a broad ecological amplitude
(occurring in more than four ecological groups), and 4) different methods of
weighing and statistical transformation. These different options were evaluated in
terms of the percentage variation explained by the first two axes of the RDA,
lambda (A). Also the results of a statistical forward selection of best explanatory
ecological site factors for all options are reviewed.

3.2.6. Statistical analysis of importance of ecological shifts

The optimal option resulting from the sensitivity analysis is used for the definitive
analysis of the ecological shifts with a redundancy analysis (RDA-Canoco 4.0;
Jongman et al. 1987, Ter Braak and Smilauer 1998). In this multivariate analysis
ecological groups were treated as ’samples’, ecological site factors as
‘environmental variables’ and periods as *species’. Vegetation structure was taken as
the nominal explanatory variable and the other site factors as continuous linear
variables: salinity: 0 (fresh) — 2 (salt); moisture availability: 0 (water aquatic) — 3
(dry); nutrient availability: 0 (nutrient-poor) — 2 (nutrient-rich); acidity: 0 (acid) — 2
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Table 1. Changes in the presence of plant species groups (fully described in the Annex) in the
Netherlands between 1902-1950 and 1975-1988. The changes are expressed as ratios of the
presence of the former and latter period. The ecological site factors and their codes are given in the
vertical and horizontal table headers. The complete code for each ecological group can simply be
derived by combining the partial column and row code parts, e.g. .P2. and ...7 becomes P27. * =
some small ecological groups combined with allied groups. Results for ecological subgroups not
included in the table are appended below it.

salinity— | fresh fresh fresh fresh | fresh fresh | fresh | brack. | saline
nutrient avail— | poor poor poor poor [mod. mod. [rich |indif. |indif.
vegetation acidity— |acid neutr. alkal. indif | alkal. indif. | indif. [ indif. | indif.
|structure |moisturcavail [..1 .2 .3 .4 [.6 .7 |.8 [b0 [z.0
aquatic water | W1, 080 0.76 * 1.25 [2.13 | 1.60 |0.29
seas. dry | water | Wl.dv 054 0.78 1.09
amphibian | water | .V1. * 0.35 1.05 {1.16 | 1.70
pioneer wet .P2. 032 0.19 0.68 1.16 (147 |1.02 |0.25
low herb. | wet .G2. 0.70 030 0.53 090 [1.29 1049 |0.68
tall herb. | wet R2. 1.37 125 | 1.27 {087 |*
woodland | wet H2. 133 059 * 1.71 | 1.90
pioneer moist | .P4. * 0.17 0.77 024 084 |1.77 [147 |*
low herb. | moist | .G4. 053 032 063 097 126 [1.06 (062 |*
tall herb. | moist | .R4. 1.84 {095 143 |3.15 |1.06
woodland | moist | .H4. 0.74 095 1.01 129 2.05 [2.37
pioneer dry .Pé6. * 035 0.80 096 [1.62 |0.91
low herb. | dry .G6. 0.66 052 0.76 099 |1.29
tall herb. | dry .Ré. 1.37 0.84 |0.53 |0.84
woodland | dry .H6. 083 056 1.16 1.44"

Results for subgroups: P63ro: 0.64, P40mu: 1.32, P60mu: 1.50, V18sa: 2.31, P48tr: 2.46, bP60st:
0.80; " =H69.

(alkaline); indifferent classes were given the intermediate value 1. Scores were
standardised, to ensure that average differences between periods (probably due to
remaining survey bias errors) had no effect on the analysis. In our analysis set-up the
first two ordinate axes represent the variation explained linearly by the ecological
site factors and the third and fourth axes the remaining, unexplained variation. The
significance of the first axis and of the first and second axes together was tested
using a permutation test (200 runs). A stepwise forward variable selection procedure
was carried out and lambda (J), the contribution to the explanation, and the
significance (permutation test, 200 runs) of each selected variable were determined.
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33. Results

3.3.1.  Greatest declines and increases of ecological groups

The average decline or increase of all ecological species groups represented in the
Netherlands between the periods 1902-1950 and 1975-1988 and between 1975-
1988 and 1988-2000 are presented in Tables 1 and 2. For the ten ecological groups
suffering greatest decline between 1902-1950 and 1975-1988 the decadal rate of
change ranges from -20% to -30%. (Table 3) Six of these are ecological groups of
nutrient-poor, neutral sites (Table 1, 2" data col.), while two belong to saline
ecological groups (Table 1, 9™ data col.). Six out of ten can also be characterised as
pioneer vegetation types (Table 1, 4%, 8" and 12™ data row) and as aquatic
vegetation types or vegetation types of wet soils (Table 1, 1¥ to 7" data row).

For the ten ecological groups that have been in greatest decline in recent decades
the decadal rate of change ranges from -20% to -50% (Table 3). Four out of ten are
ecological groups of nutrient-poor, neutral soils (Table 2, 2™ data col.); two are
groups of nutrient-poor, acid sites (Table 2, 1* data col.) and two are groups of
brackish or saline sites (Table 2, 8" and 9" data col.). Seven can be characterised as
aquatic vegetation types or vegetation types of wet soils (Table 2, 1% to 7" data row).

Table 2. Changes in the presence of plant species groups in the Netherlands between 1975-1988
and 1988-2000. For explanation see Table 1.

salinity— | fresh fresh fresh fresh | fresh fresh | fresh | brack | saline
nutrient avail— | poor poor poor poor |mod. mod. |rich |indif. | indif.
vegetation acidity— |[acid neutr. alkal. indif | alkal. indif. | indif. | indif. | indif.
|structure  moistureavail | .1 .2 .3 .4 [.6 .7 |[.8 [b.0 [z.0
aquatic water | .W1. 068 045 * 0.90 | 1.38 {0.75 |0.49
seas. dry [ water | . Wl.dv 0.88 095 1.10
amphibian | water | .VI1. * 0.63 0.83 [0.92 [0.83
pioneer wet P2, 083 141 135 1.11 |2.09 | 1.18 |1.00
low herb. | wet .G2. 062 0.76 091 0.73 1099 [1.14 (0.89
tall herb. | wet R2. 0.87 083 | 1.41 |081 |*
woodland | wet .H2. 1.89 0.78 * 0.81 |1.32
pioneer moist | .P4. * 126 092 096 124 [1.69 [121 |*
low herb. | moist | .G4. 085 067 0.385 097 1.18 |1.24 (090 |*
tall herb. | moist | .R4. 091 |1.93 129 |1.81 |0.98
woodland | moist | .H4. 141 099 0.77 140 1.03 |1.70
pioneer dry .Pé6. * 147 145 1.68 |1.73 |1.51
low herb. | dry .G6. 090 137 1.11 1.22 | 1.03
tall herb. | dry .R6. 0.89 147 |1.25 [0.96
woodland | dry .H6. 096 096 1.13 1.30°

Results for subgroups: P63ro: 2.38, P40mu: 1.63, P60mu: 1.40, V18sa: 2.02, P48tr: 1.43, bP60st:
1.09; *=He69.
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Table 3. The twenty ecological groups showing the greatest decadal decrease (in bold) or increase
(in italic) between the successive periods. Ecological groups were ordered to their greatest decline
or increase; first for the changes between 1902-1950 and 1975-1988 and then for the changes
between 1975-1988 and 1988-2000.

Ecological group successive periods
from 1902-1950 1975-1988
to 1975-1988 1988-2000

code description % rate of change in 10y
DECREASE
P42  pioneer vegetation of moist, nutrient-poor, neutral soils -30 +20
P22  pioneer vegetation of wet, nutrient-poor, neutral soils -30 +30
P46  pioneer vegetation of moist, moderate nutrient-rich, alkaline soils ~ -25 -5
zP20  pioneer vegetation of wet, saline soils -25 0
zW10  aquatic vegetation of saline waters -20 -45
G22  low herb vegetation of wet, nutrient-poor, neutral soils -20 -20
G42  low herb vegetation of moist, nutrient-poor, neutral soils =20 =30
P62  pioneer vegetation of dry, nutrient-poor, neutral soils =20 +35
P21  pioneer vegetation of wet, nutrient-poor, acid soils =20 -10
V12 amphibian vegetation of nutrient-poor, neutral soils <20 =30
W12  aquatic vegetation of nutrient-poor, neutral waters -5 -50
G21 low herb vegetation of wet, nutrient-poor, acid soils -10 -35
W11  aquatic vegetation of nutrient-poor, acid waters -5 =25
H22  woodland vegetation of moist, nutrient-poor, neutral soils -10 =25
G47  low herb vegetation of moist, moderately nutrient-rich soils +5 -20
bW10  aquatic vegetation of brackish waters +10 -20
H43  woodland vegetation of moist, nutrient-poor, alkaline soils 0 =20
INCREASE
R48 tall herb vegetation of moist, nutrient-rich soils +25 +60
H48  woodland vegetation of moist, nutrient-rich soils +20 +50
P48tr  pioneer vegetation of moist, nutrient-rich, heavily trodden soils +20 +35
V18sa amphibian vegetation of extremely nutrient-rich waters +20 +75
WI8  aquatic vegetation of nutrient-rich waters +15 +30
H47  woodland vegetation of moist, moderately nutrient-rich soils +15 +5
H28  woodland vegetation of wet, nutrient-rich soils +10 +25
P48  pioneer vegetation of moist, nutrient-rich soils +10 +50
P68  pioneer vegetation of dry, nutrient-rich soils +10 +55
R44  tall herb vegetation of moist, nutrient-poor soils +10 -10
P28  pioneer vegetation of wet, nutrient-rich soils +10 +80
P67  pioneer vegetation of dry, moderately nutrient-rich soils 0 +50
P40mu pioneer vegetation of moist, stony sites +5 +50
bP60  pioneer vegetation of dry, brackish soils 0 +40
P62  pioneer vegetation of dry, nutrient-poor, neutral soils -20 +35
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(zW10, G42 and V12), there has been little change in the overall picture of
ecological groups of wet, nutrient-poor soils and saline waters showing the most
pronounced decline. One notable difference is that from 1975-1988 to 1988-2000
there is no longer a downward trend to be observed in the presence of pioneer
vegetation types.

For the ten ecological groups showing the greatest increase in national presence
from 1902-1950 to 1975-1988 the decadal rate of change ranges from +10% to
+25% (Table 3). Eight of these are vegetation types of nutrient-rich sites (Table 1,
7" data col.) and six are vegetation types of moist soils (Table 1, 8—1 1™ data row).

For the ten ecological groups increasing most from 1975-1988 to 1988-2000 the
decadal rate of change varies from +35% to +80% (Table 3). Seven out of ten are
again vegetation types of nutrient-rich sites (Table 2, 7™ data col.) and seven
vegetation types of moist to dry soils (Table 2, 8-15" data row). The ten ecological
groups increasing most between the first and second period and the second and third
period are fairly similar, having six groups in common.

3.3.2.  Declines and increases per ecological factor

In Fig. 1 the non-standardised decreases and increases have been averaged for each
ecological site factor, providing a more comprehensive picture than the ‘extremes’
considered above. Between the periods 1902—-1950 and 1975-1988 the national
presence of plant species of nutrient-poor and moderately nutrient-rich sites declined
markedly, except for those indifferent to acidity, while plant species from nutrient-
rich sites showed a strong increase (Fig. 1, top). Within the plant species of nutrient-
poor sites, those of weakly acid or neutral soils showed a stronger decrease than
those of acid or alkaline sites. Within the plant species of moderately nutrient-rich
sites, those on alkaline sites showed a strong decrease, in contrast to those
indifferent to acidity. Plant species characteristic of stony sites showed a moderate
increase. Plant species of brackish sites suffered some decline, while those of saline
sites underwent a marked decline (Fig. 1, top). In terms of moisture availability,
species of both wet and dry sites exhibited a moderate decrease (Fig. 1, bottom).
Species of low herbaceous vegetation types (i.e. ‘grassland’) and pioneer species
showed a moderate to strong decrease, while species of tall herbaceous vegetation
types and woodlands showed a strong increase (Fig. 1, next page).

From 1975-1988 to 1988-2000 almost the same pattern of decrease and increase
emerges for the ecological site factors nutrient availability, acidity, ‘stoniness’ and
salinity (Fig. 1, top), although the values are lower because of the shorter time span.
One difference is that now plant species of nutrient-poor sites indifferent to acidity
show a relatively large decrease, while those of moderately nutrient-rich, alkaline
sites are no longer in decline (Fig. 1, top). With respect to moisture availability,
plant species of aquatic vegetation types now show a decrease, while species of dry
sites show a marked increase (Fig. 1, bottom). Plant species of pioneer vegetation
types and tall herbaceous vegetation types show a large increase, while species of
aquatic vegetation types and low herbaceous vegetation types are in decline (Fig. 1,
next page).
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Fig. 1. Geometric mean of changes (expressed as ratio national presences of two periods) of
vascular plant species in the Netherlands between 1902-1950 and 1975-1988 (white bar) and
between 1975-1988 and 1988-2000 (grey bar), classified according to main ecological site factors.
Upper: nutrient availability, acidity and salinity (alkal. = alkaline, indif. = indifferent, brack.. =
brackish); bottom: moisture availability; next page: vegetation structure.
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Fig. 1. Continued.

Table 4. Comparison by RDA of different definitions and treatments of ecological groups used for
evaluating changes in the Dutch flora during the 20™ century; Options comprise: I) ecological
group “aggregated” versus “original”; II) data reliability “d”; 1 = only reliable species, 2 = also
moderately reliable species; IIT) ecological amplitude w, w > 0 all species included, w > 1/3 or 1/5
only species with a small ecological amplitude included; IV) statistical transformation and
calculation “transf”, logarithmic (log) or logistic (logit) transformation of national presence (Pr)
and w applied before or after transformation. sum = no. of weighted species present in option.
RDA: A = lambda, % of variance explained by first, second and third ordinate axe or by explanatory
variable. Results of forward variable selection and percentage of explained variance of each
significant (p<0.05) variable after subsequently adding the variable to the analysis; N = nutrient
availability, sal = salinity, mst = moisture availability, vegetation structure of P = pioneer
vegetation, K = all herbaceous vegetation (aggregated groups), G = low herbaceous vegetation, W
= woodlands; x = not relevant, - = not significant.

d transf w sum RDA Forward variable selection

Al A2 A3 AN Asal imst AP/K  AG AW
ecological groups aggregated (n = 47)
1 log(Ew*Pr) =>1/3 899.7 31 3 62 16 10 - - X -

1 Yw*log(Pr) >0 1158 34 3 56 20 12 - - X -
ecological groups original (n = 83)

2 Yw*log(Pr) >0 1283 45 5 4 25 9 3 3 3 6
2 Yw*log(Pr) =21/5 1226 44 5 45 24 9 3 4 3 5
1 Yw*log(Pr) >0 1158 49 5 40 32 8 4 4 4 -
1 Yw*logittPr) >0 1158 54 5 36 36 7 5 5 4 -
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3.3.3.  Different definitions of ecological groups: sensitivity analysis

Before the changes in the presence of each ecological group between the successive
periods were analysed statistically, a series of different options for defining and
treating ecological groups were run as a form of sensitivity analysis, using a
multivariate method (RDA) (Table 4). The first option we considered was whether
to use the ‘ecological groups’ as originally defined or aggregate these groups further,
as done by Witte (1998). The principal form of aggregation examined was a
combination of all herbaceous vegetation types into a single group within each
moisture class. As can be seen from Table 4, the original ecological group
classification could explain far more (Sth data row: 49+5 %) than the aggregated
groups (2nd data row: 34+3 %).

A second option was whether or not to include plant distribution data classed as
moderately reliable. Excluding these species yielded a better explanation of the data
(3rd and 5th data row, Table 4). A third point to consider was whether species with a
broad ecological amplitude could be excluded (respectively >0 and >1/5 in 31
column, Table 4), as done by Witte (1998). Because of their broad ecological
amplitude these species may be less indicative. However, inclusion of such species
in fact led to a slightly better explanation of the data (3rd and 4th data row, Table 4).
The final option concerned the procedures to be adopted for statistically
transforming the data and accounting for ecological amplitude. Logistic
transformation proved to be better than logarithmic transformation (6th and 5th data
row respectively, Table 4) and the ecological amplitude (w in Table 4) should be
accounted for affer transformation (1st and 2nd data row, Table 4). Irrespective of
the option used, nutrient availability and salinity proved to be the most important
explanatory variables (Table 4).

3.3.4. Explanation of changes

The results of the definitive multivariate RDA are shown in Table 4 (last row) and
Fig. 2. The first axis in this figure explains 54% of the data (»p<0.005, permutation
test) and the second axis only 5%. The overall diagram explains 59% of all variation
(»<0.005, permutation test). The first axis can be interpreted as a long-term
decrease-increase axis. Ecological groups on the right of the diagram, e.g. R68, R48
and H28, are those exhibiting a strong upward trend in presence during the 20"
century; conversely, ecological groups on the left, e.g. G21, G22 and G42, are those
that underwent marked decline in the course of the century. The second axis can be
interpreted either as recent recovery (upper left of diagram) or recent increase (upper
right). The two ecological groups of stony sites (P40mu and P60mu) are examples of
groups showing a strong increase in recent decades. The pioneer vegetation types of
nutrient-poor, neutral sites (..P.2) are examples of groups exhibiting a recovery
following a decline. The main ecological site factors were also employed in the
analysis to explain the changes shown in the diagram (Fig. 2). Nutrient availability
(NUTR) is characterised as a large arrow pointing to the right, indicating that large
increases are correlated with nutrient-rich sites and major declines with nutrient-
poor sites. Salinity (SAL) has an arrow to the left, indicating a decline of saline
ecological groups. Also noteworthy are the positions on the right (increase side) of
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Fig. 2. RDA-triplot of changes in the presence of the Dutch vascular plant flora, aggregated into
ecological groups, during the 20" century. See also Table 4 for general description of RDA and
Table 1 and Annex for explanation of codes. Explanatory variables are represented by either arrows
(quantitative variables) or diamonds (nominal variables); NUTR = nutrient availability, MOIST =
moisture availability, AC = acidity, SAL = salinity, 4 = aquatic vegetation structure, 4S5 =
amphibian vegetation structure, P = pioneer vegetation structure, G = low herbaceous vegetation
structure, TH = tall herbaceous vegetation structure, W = woodland vegetation structure.
Overlapping ecological groups are indicated by means of brackets, e.g. P48 and P48tr becomes
P48(tr). The figure shows only the 63 ecological groups with a fit of at least 50% along the first two
axes.

the diagram centroid for woodland vegetation types () and tall herbaceous (7H)
vegetation types and the same for low herbaceous (G) vegetation types on the left
(decrease side). Also remarkable are the high position (recent recovery or increase)
occupied by pioneer (P) vegetation types and the low position (recent decrease) for
aquatic and partially inundated vegetation types (4 and AS). The arrow for moisture
availability and acidity points to the upper right corner, indicating a relative increase
in the national presence of dry and more alkaline ecological groups. The relative
contribution of nutrient availability to statistical explanation was about 66%, while
for salinity this was 12% (bottom row Table 4). Moisture availability, pioneer and
low herbaceous vegetation structure were also significant (Table 4). The third axis
(not shown here) accounts for about 90% of the remaining, unexplained variation.
This element of the diagram can be interpreted as an additional decrease-increase
axis: ecological groups of nutrient-poor, neutral sites underwent relatively greater
decline than those of other nutrient-poor sites; brackish ecological groups showed a
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slight increase, in contrast to saline groups, while moist ecological groups exhibited
a relatively stronger increase than dry and wet groups. The additional explanatory
power of moisture and salinity could not be simply explained by linear multivariate
analysis.

34. Discussion

3.4.1.  Ecological groups versus plant communities

In this study we have assessed trends in the Dutch flora throughout the entire 20®
century, using the concept of ‘ecological groups’. Witte and Van der Meijden (2000)
have already demonstrated that classification into ecological groups is more accurate
than in terms of plant communities (Weeda et al. 2000, Rodwell er al. 2002) for
species distribution data on a fine grid scale of 1 x 1 km. On a European scale,
classification in terms of plant communities was in turn deemed an improvement
(Rodwell et al. 2002) on both the CORINE biotope classification (Anon 1997) and
the EUNIS habitat classification (Davies and Moss 1999). At the very least, these
two European classification systems do not allow for even simple quantitative
ecological interpretation. Extension of the ecological group concept to the European
scale would thus represent an improvement over existing European classifications.

3.4.2.  Indicator values of ecological groups versus Ellenberg

In our earlier study of the possible effects of climate change on the Dutch flora (see
chapter 4) we employed Ellenberg indicator values (e.g. Ellenberg ez al. 1992, Hill
et al. 1999). One major drawback of these indicator values, however, was that values
amenable to statistical analysis are available for only 45% of the plant species
studied, while a classification in terms of ecological groups is available for all
species. Two other advantages of using ecological groups are the possibility of
aggregating information from species into a more robust set of ecological groups
and the scope for accounting for ecological amplitudes.

3.4.3.  Monitoring changes in biodiversity

In the international literature there is only a limited amount of information available
on the precise nature of ongoing changes in biodiversity. On a global scale there is a
Living Planet Index, which presents trends in the average state of biodiversity for
some of the world’s major biomes between 1970 and 2000 (Groombridge and
Jenkins 1998, Loh er al. 1999). However, this Index yields no insight into which
elements of the index are increasing or in decline. On a European scale several EU
reports have been published on biodiversity status and trends (Delbaere 1998, EEA
1999). This information is based primarily on national Red Lists and assessments of
habitat loss and the changes reported are characterised in only very general terms.
Another important source of information about changes in biodiversity are the
studies concerning the negative effects of agricultural intensification (see e.g.
Baldock 1990, Andreasen et al. 1996, Robinson and Sutherland 2002). The focus
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there is solely on agricultural landscapes, however. There are several Red Lists
(Riecken et al. 1994, Moravec 1995) providing a comprehensive review of the status
of threatened and non-threatened habitats and communities. However, these studies
lack any quantitative characterisation of the changes observed. Only in Great Britain
has there been quantitative, ecological analyses of recent changes in the entire wild
British flora (Preston et al. 2002a, b, Smart et al. 2003).

3.4.4. Comparative analysis of changes in Europe

By far the most important change for the Netherlands in the 20™ century is the
increased presence of plant species preferring nutrient-rich conditions.
Eutrophication may stem from several causes, ranging from agricultural
intensification, industrial activity to changes in water management. Today it is
generally recognised that eutrophication is one of the major causes of changes in
biodiversity in developed temperate countries (Riecken et al. 1994, Moravec 1995,
Preston et al. 2002). The decline of many weed species (Andreasen et al. 1996,
Robinson and Sutherland 2002) can also be partly explained by eutrophication,
because the more valuable weed species often prefer moderately nutrient-rich
conditions.

The second most important change to have occurred in the Netherlands is the
loss of vegetation types of saline sites This is clearly an effect of several large
coastal dams (e.g. Afsluitdijk), dikes and reclamation projects (e.g. Wieringermeer)
being implemented in the 20™ century. In Europe it is especially shallow, sandy
coastlines and dunes that are threatened (Delbaere 1998, EEA 1999), in particular by
urban development. '

The effects of acidification in the Netherlands have been widely reported,
particularly the presumed impact on weakly buffered ecosystems (e.g. Heil and
Diemont 1983, Bobbink ef al. 1998). In our analysis, however, these effects proved
to play only a minor role, probably because they are usually confounded with e.g.
the effects of eutrophication. In several European countries, studies based on
national species distribution data also revealed no effects of acidification (Riecken et
al. 1994, Moravec 1995, Preston et al. 2002). On the contrary, we found that in
recent decades there has been an increase in the presence of plant species of more
alkaline sites. These changes may be one of the consequences of recent climate
change in the Netherlands (see chapter 4), because plants of alkaline sites are known
to be more thermophilous.

The effects of changes in water management (e.g. increased drainage and a
lowering of water tables), have been recognised as another major environmental
problem affecting the Netherlands (Claessen ef al. 1996, Witte 1998, Van Ek e al.
2000). In this study the decline of aquatic and wet vegetation types and the increased
presence of dry vegetation types is apparent. On a global scale the Living Planet
Index for inland waters decreased by about 50% (Groombridge and Jenkins 1998).
In Great Britain no effects were found associated with increased drainage (Preston et
al. 2002). While a decline of wet habitats has been reported in other European
countries, this has been related mainly to conversion of land to agricultural
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exploitation (Delbaere 1998, EEA 1999). The observed effects of decreased
moisture availability thus seem to be typical for the Netherlands.

Two other major features of the ecological changes in the Dutch flora in the 20®
century are a decrease of low herbaceous vegetation types (‘grassland’) and an
increase of tall herbaceous vegetation types and herbaceous vegetation types of
woodlands. Between 1970 and 1995 the Living Planet Index for northern temperate
grasslands declined by about 50% (Loh et al. 1999). The increased presence of taller
herbaceous vegetation types is also reported from Great Britain (Preston et al. 2002,
Smart ef al. 2003).

The Living Planet Index for northern temperate forests showed a small increase
of about 20% (Loh et al. 1999). For European countries in general a stabilisation of
the amount of area forested is reported (Delbaere 1998, EEA 1999), but at the same
time also a decline of forest quality due to the planting of monocultures of exotic
tree species. In the Netherlands a forestry monitoring programme (Dirkse and
Martakis 1998) reported increased herb layer diversity in recent decades. In contrast
to the situation in other European countries, then, in the Netherlands there has there
been an increase not only in forest area but also in forest quality.

3.4.5.  Effectiveness of Dutch environmental and nature conservation policies

What conclusions can be drawn about the effectiveness of the environmental
policies implemented in the Netherlands and of nature restoration projects since
about 1970? The most relevant environmental measures post-1970 have been those
to reduce emissions causing acidification and eutrophication of soils and waters (e.g.
VROM 1993). As the results make clear, eutrophication is still an ongoing problem.
Between 1902-1950 and 1975-1988 there was a pronounced decline in the presence
of alkaline ecological groups and while this trend was no longer observed between
1975-1988 and 1988-2000 for the moderately nutrient-rich ecological groups this
was not the case for the nutrient-poor groups. This difference is probably the result
of effective protection from further agricultural impacts and restoration of alkaline
sites. It is clear that reduction of nutrient emissions continues to be an environmental
issue of major concern.

The major changes in the distribution of Dutch vascular plants in the first half of
the 20™ century was one of the main factors triggering development of nature
conservation policy (e.g. LNV 1990). From about 1987 onwards a large number of
restoration projects were initiated (Aerts ef al. 1995, Roelofs et al. 1996, Bootsma et
al. 1999, Hydrobiologia 2002 Vol. 478, Wolters et al. 2005), directed mainly
towards weakly buffered or neutral ecosystems like fens and dune lakes.. From the
results it is apparent that the pioneer vegetation types of wet, moist and dry, neutral,
nutrient-poor sites, in particular, showed a remarkable change from a strong decline
to a strong increase. However, this is not yet the case for other threatened types of
vegetation. One explanation for this phenomenon is that a key element of most
restoration projects is removal of nutrient-rich top-soils, resulting in bare soils
favoured by pioneer plant species.
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3.4.6. Changes of biodiversity at different scales

On balance, what is the significance of all these changes in the vascular flora for
biodiversity in the Netherlands? That balance depends on the scale considered (e.g.
Sax and Gaines 2003). On a national and regional scale the decline of highly valued
plant species of nutrient-poor or saline sites is outweighed by the increase of the less
valued common species of nutrient-rich sites. On lower spatial scales of vegetation
and land use units, diversity decreases because of a quantitative and qualitative
decline of valuable ecosystems. However, the recovery of valuable pioneer
vegetation types, probably as a result of nature restoration projects, and the increase
of woodland herb diversity, are encouraging signs that national environmental and
nature conservation policies may be yielding results, which are quantitatively
measurable using available national plant distribution records.
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Annex of chapter 3. Description of ecological groups

The table below provides a full description of the ecological groups of vascular plant species in
alphabetical order of their code. The number of species in each group is shown in brackets. Because
some species occur in several groups the sum total of these numbers exceeds the actual total
number of species covered by the analysis. See for species composition of the groups:
http://www.synbiosys.alterra.nl/ecotopen or Annex of this study.

code description (number of species)

bG20 low herbaceous vegetation of wet, brackish soils (28)

bG40 low herbaceous vegetation on moist, brackish soils (33)

bP20 pioneer vegetation of wet, brackish soils (14)

bP40 pioneer vegetation of moist, brackish soils (30)

bP60 pioneer vegetation of dry, brackish soils (6)

bP60st  pioneer vegetation of dry, brackish soils, regularly covered by wind-blown sand (18)
bR20 tall herbaceous vegetation of wet, brackish soils (10)

bR40 tall herbaceous vegetation of moist, brackish soils (10)

bR60 tall herbaceous vegetation of dry, brackish soils (5)

bV10 amphibian vegetation of brackish waters (7)

bWI10  aquatic vegetation of brackish waters (10)

G21 low herbaceous vegetation of wet, nutrient-poor, acid soils (20)

G22 low herbaceous vegetation of wet, nutrient-poor, neutral soils (69)

G23 low herbaceous vegetation of wet, nutrient-poor, alkaline soils (33)

G27 low herbaceous vegetation of wet, moderately nutrient-rich soils (79)

G28 low herbaceous vegetation of wet, nutrient-rich soils (33)

G41 pioneer and low herbaceous vegetation of moist, nutrient-poor, acid soils (28)
G42 low herbaceous vegetation of moist, nutrient-poor, neutral soils (59)

G43 low herbaceous vegetation of moist, nutrient-poor, alkaline soils (73)

G46 low herbaceous vegetation of moist, moderately nutrient-rich, alkaline soils (66)
G47 low herbaceous vegetation of moist, moderately nutrient-rich soils (111)

G48 low herbaceous vegetation of moist, nutrient-rich soils (48)

Gé61 pioneer and low herbaceous vegetation of dry, acid soils (21)

G62 low herbacous vegetation of dry, neutral soils (58)

G63 low herbaceous vegetation of dry, alkaline soils (79)

G67 low herbaceous vegetation of dry, moderately nutrient-rich soils (78)

G68 low herbaceous vegetation of dry, nutrient-rich soils (8)

H21 woodland vegetation of wet, nutrient-poor, acid soils (8)

H22 woodland vegetation of wet, nutrient-poor, neutral or alkaline soils (15)

H27 woodland vegetation of wet, moderately nutrient-rich soils (48)

H28 woodland vegetation of wet, nutrient-rich soils (28)

H41 woodland vegetation of moist, acid soils (18)

H42 woodland vegetation of moist, neutral soils (63)

H43 woodland vegetation of moist, alkaline soils (69)

H46 woodland vegetation of moist, moderately nutrient-rich, alkaline soils (32)
H47 woodland vegetation of moist, moderately nutrient-rich soils (120)

H48 woodland vegetation of moist, nutrient-rich soils (33)

H61 woodland vegetation of dry, acid soils (24)

H62 woodland vegetation of dry, neutral soils (35)

H63 woodland vegetation of dry, alkaline soils (40)

He69 woodland vegetation of dry, moderately nutrient-rich and nutrient-rich soils (32)
70 Gorteria Supplement 6



P21
P22
P23
P27
P28
P40mu
P42
P43
P46
P47
P48
P48tr
P60mu
P62
P63
P63ro
P67
P68

R24
R27
R28
R44
R46
R47
R48
Ré64
R67
R68

V12
V17
V18
V18sa

Wil
w12
Wi2dv
W13dv
w17
W17dv
Wwi8

zG20
zP20
zZW10

pioneer vegetation of wet, nutrient-poor, acid soils (6)

pioneer vegetation of wet, nutrient-poor, neutral soils (19)

pioneer vegetation of wet, nutrient-poor, alkaline soils (12)

pioneer vegetation of wet, moderately nutrient-rich soils (25)

pioneer vegetation of wet, nutrient-rich soils (44)

pioneer vegetation of moist, stony sites (20)

pioneer vegetation of moist, nutrient-poor, neutral soils (8)

pioneer vegetation of moist, nutrient-poor, alkaline soils (10)

pioneer vegetation of moist, moderately nutrient-rich, alkaline soils (39)
pioneer vegetation of moist, moderately nutrient-rich soils (83)

pioneer vegetation of moist, nutrient-rich soils (105)

pioneer vegetation of moist, nutrient-rich, heavily trodden soils (13)
pioneer vegetation of dry, stony sites (28)

pioneer vegetation of dry, nutrient-poor, neutral soils (23)

pioneer vegetation of dry, nutrient-poor, alkaline soils (26)

pioneer vegetation of dry, nutrient-poor, alkaline soils, regularly mixed by wind/animals (17)
pioneer vegetation of dry, moderately nutrient-rich soils (123)

pioneer vegetation of dry, nutrient-rich soils (49)

tall herbaceous vegetation of wet, nutrient-poor soils (7)

tall herbaceous vegetation of wet, moderately nutrient-rich soils (42)

tall herbaceous vegetation of wet, nutrient-rich soils (40)

tall herbaceous vegetation of moist, nutrient-poor soils (7)

tall herbaceous vegetation of moist, moderately nutrient-rich, alkaline soils (7)
tall herbaceous vegetation of moist, moderately nutrient- rich soils (38)

tall herbaceous vegetation of moist, nutrient-rich soils (51)

tall herbaceous vegetation of dry, nutrient-poor soils (8)

tall herbaceous vegetation of dry, moderately nutrient-rich soils (17)

tall herbaceous vegetation of dry, nutrient-rich soils (5)

amphibian vegetation of nutrient-poor, neutral waters (14)

amphibian vegetation of moderately nutrient-rich waters (44)
amphibian vegetation of nutrient-rich waters (30)

aquatic and amphibian vegetation of extremely nutrient-rich waters (12)

aquatic and amphibian vegetation of nutrient-poor, acid waters (9)

aquatic vegetation of nutrient-poor, neutral waters (13)

aquatic vegetation of nutrient-poor, neutral seasonally dry waters (14)

aquatic vegetation of nutrient-poor, alkaline waters and seasonally dry waters (6)
aquatic vegetation of moderately nutrient-rich waters (33)

aquatic vegetation of moderately nutrient-rich seasonally dry waters (7)

aquatic vegetation of nutrient-rich waters (25)

pioneer, low and tall herbaceous vegetation on wet and moist saline soils (16)
pioneer vegetation of wet, saline soils (8)
aquatic vegetation of saline waters (2)
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4. Changes in vascular plant biodiversity in the Netherlands
in the 20™ century explained by their climatic and other
environmental characteristics

W.L.M. Tamis, M. van 't Zelfde, R. van der Meijden and H.A. Udo de Haes

Also published in 2005 in Climatic Change 72 (1-2), 37-56. Reprinted with the
permission of Springer.

Abstract

In the Netherlands nation-wide databases are available with about 10 million records of occurrences
of vascular plant species in the 20" century on a scale of approximately 1 square km. These data
were analysed with a view to identifying relationships between changes in botanical biodiversity
and climatic and other environmental factors. Prior to analysis the data were corrected for several
major forms of survey bias. The records were broken down into three periods: 1902-1950, 1975—
1985 and 1985-2000. Using multiple regression analysis, differences between successive periods
were related to plant functional characteristics as explanatory variables. Between the periods 1902—
1950 and 1975-1985 there were small but significant increases in the presence of both thermophilic
(‘warm’) and psychrophilic (‘cold’) species. However, in the final decades of the 20" century there
was a marked increase in thermophilic species only, coinciding with the marked increase in
ambient temperature observed during this period, evidence at least of a rapid response of Dutch
flora to climate change. Urbanisation was also examined as an alternative explanation for the
increase in thermophilic plant species and was found to explain only 50% of the increased presence
of such species in the final decades of the 20™ century. Besides temperature-related effects, the
most important change during the 20" century was a strong decline in oligotrophic and a marked
increase in eutrophic plant species.

4.1. Introduction

According to a number of recent meta-studies ecological effects of recent climate
change are already visible all over the world (e.g. IPCC 2001, Gitay et al. 2002,
Walther et al. 2002, Root et al., 2003). Studies on the effects of climate change on
vascular plants have been concerned predominantly with phenology. Only a limited
number of studies report on shifts in vascular plant ranges or communities in
relation to climate change, and these studies are confined mainly to mountainous
(e.g. Grabherr et al. 1994) or arctic regions. In the Netherlands studies on the effects
of climate change on plants have recently been published on lichens (Van Herk et al.
2002), vascular plant phenology (Van Vliet and De Groot 2001, Van Vliet et al.,
2002) and morphology of birch leaf stomata (Wagner et al. 1996). The possible
effects of climate change on Dutch botanical diversity have thus attracted scant
scientific attention, being implicitly regarded as marginal compared with the impacts
of other environmental problems. Because of the growing acreage and age of Dutch
forests, an increase in the number of ‘cold’, or psychrophilic, boreal species was in
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fact predicted (Mennema ez al. 1985). Van der Meijden (1993, 1998) was the only
one to note an increased presence of thermophilic plant species, but he pointed out
that urbanisation might be an important alternative explanation for this phenomenon.
Among other things, urban ecosystems are characterised by markedly higher
temperatures than rural ecosystems (e.g. Gomez et al. 1998). Given the strong
increase in the urbanised area in the Netherlands in the 20® century (from 6.4% in
1950 to 13.3% in 1990, cf. Van der Meij and Van Duuren 2000), an increase in
thermophilic, urban plant species might certainly be expected.

The changes in the Dutch flora over the past century have been relatively well
documented (e.g. Mennema et al. 1980, 1985, Van der Meijden er al. 1989, 2000,
Plate 1990, Groen et al. 1997, Van Strien et al. 1997, Witte 1998, Van Duuren and
Schaminée 1999, Weeda ez al. 1990, 2000). All these publications point to a major
loss of botanical diversity, especially of valuable plant species of nutrient-poor and
wet, acidic or alkaline sites (e.g. hay meadows, fens, bogs, heaths, etc.) between the
first half of the 20™ century and the period 1950-1980. In the cited literature, the
possible causes of the observed changes in the Dutch flora and vegetation are
analysed exclusively in qualitative terms. The main cause mentioned in this
literature is change in land use, especially conversion of natural areas to arable
farmland and forestry. Other important causes cited are agricultural intensification,
especially the massive increase in fertiliser use (e.g. on pastureland from about 50 to
about 400 kg N/ha), changes in water management (e.g. lowering of the water table)
and emissions, contributing especially to acidification and eutrophication (e.g. Heij
and Erisman 1997).

Only during the last few decades has climate change come to be recognised as an
important environmental problem in the Netherlands. The most recent major
‘natural’ climate change occurred at the end of the so-called Little Ice Age, in the
19" century (Grove 1988, Damon ez al. 1998). From then on the average ambient
temperature increased to a more or less constant level in the first half of the 20"
century. The temperature subsequently began to slowly rise again and since about
1980 a pronounced increase in temperature has been observed. In the final two
decades of the 20™ century the average ambient temperature was between 9.5 and
10°C, which is 0.7°C higher than in first two decades (Kdnnen, 1999). Although
natural changes in the North Atlantic Oscillation may have contributed to the recent
warming in the Netherlands, human activity is an important cause of the overall
temperature rise during the 20™ century (Van Dorland 1999, IPCC 2001). In the
Netherlands there was also a well-documented increase in winter rains (Kdnnen
1999, Van Boxel and Cammeraat 1999) by about 7% over the last 30 years to
approx. 800 mm annual precipitation at the end of the 20™ century.

Among the potential effects on vascular plants of increased temperature,
precipitation and atmospheric CO, concentration might be an increase in
thermophilic species (e.g. C4- and CAM-species, Ehrlicher 1978, Pynakov and
Mokronosov 1993) and hydrophilic species.

The Netherlands has two extensive nation-wide databases with information on the
distribution of vascular plants in the 20" century, both with a grid size of about 1 sq.
km. The historical FLORIVON database has some 1.7 million records covering the
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period from 1902 to 1950 (Kloosterman and Van der Meijden 1994), while the more

recent FLORBASE database has about 8 million records for the period from 1975

until the end of the last century (Witte and Van der Meijden 1995, Van der Meijden

et al. 1996). Both these sets of records report only on species presence in a given
grid cell. The records have, moreover, been sampled by different institutional groups
and volunteer botanists, often using a variety of methods. Unless this survey bias is
properly accounted for, there may be serious misinterpretation of data.

Against this background the present article focuses on the following key
questions:

- Is it possible to detect any quantitative relationship between climate change, in
particular increased temperature, precipitation and CO, concentration, and
changes in botanical biodiversity in the Netherlands in the 20" century?

- Is it possible to quantitatively disentangle climate-related effects from apparently
strong effects of other environmental problems?

- Is it possible, if climate-related changes are detected, to discriminate between
changes due to climate change per se and changes due to urbanisation?

4.2, Materials and methods

A total of 1490 vascular plant taxa were initially considered (Van der Meijden e? al.
2000). For the sake of convenience, instead of the correct term ‘taxon’ the term
‘species’ will subsequently be used in this article. Two groups of species were
omitted from the analysis from the onset. Firstly, the majority of trees and shrubs
were excluded, because most woody species have been planted intentionally
Secondly, species were excluded for which records are known to be unreliable
because of serious identification problems, e.g. most hybrids. A number of other
species were combined, in particular because certain groups of species are very
difficult to identify.

After this process of exclusion and combination, 1292 species remained for
study. Within this total group a subgroup of 134 species were recognised as
‘problematic’: the recorded data on these species should be used with great caution,
because of improved identification in the second half of the 20" century, for
example. These ‘problematic’ species were excluded from the analysis of changes
between the periods 1902-1950 and 1975-1985, but included in that of changes
between 1975-1985 and 1985-2000, methodological differences between the latter
two periods being only negligible.

During pre-analysis of the data it turned out that the amount of unexplained
variation was high, especially for the very rare species (less than 1 per mille in every
period). These very rare species — accounting for about 20% of the species — were
therefore excluded from further analysis. Finally, an additional 35% of the species
had to be excluded because there was no information available on at least one of the
explanatory variables used in the statistical analysis.

Distributional data on the Dutch flora were taken from the FLORIVON and
FLORBASE databases (see Introduction) and divided into three periods, viz. 1902-
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1950, 1975-1985 and 1985-2000. Further subdivision of the records prior to 1950
was not possible, because information on the year of sampling had not yet been
digitised. The period 1950-1975 was not included in the analysis because of a
relative paucity of data and other scale of the data. Records from 1975 onwards were
divided into two periods because of the marked increase in temperature after about
1980. For each of the plant species covered by this study, data were thus aggregated
into three periods.

Only data from grid cells that had been sufficiently surveyed were selected for
further analysis, cf. Groen et al. (1997) and Witte (1998). Thus, only grid cells with
at least 80 species were used. For the periods before and after 1950, respectively,
this requirement is fulfilled by about 40% and 60% of the grid cells with floristic
information.

Consideration was given only to the terrestrial portion of the Netherlands’
territory, including small surface waters like ditches, but excluding all large waters
(e.g. Usselmeer). Also excluded were 1,419 kilometre grid cells (‘km-squares’) in
which the terrestrial component had risen substantially since 1930, mainly as a
consequence of land reclamation (e.g. Flevoland). The resultmg number of terrestrial
km-squares included in this study was 35,374.

Before 1950 the quarter hour square grid was used with dimensions of 1023 x
1250 m (approx. 130 ha) and based on a poly-standard conic projection. After 1950
this was replaced by the kilometre square grid, with a grid size of 1000 m x 1000 m
(i.e. 100 ha) and a stereographic projection according to the National Trangular
System (Mennema et al. 1980, Van der Linden 1981, Snyder 1987, Kloosterman and
Van der Meijden 1994). Because of the differences in grid size, national presences
of rare and diffusely distributed plant species prior to 1950 would be overestimated,
and therefore presences in the quarter hour squares were converted to km squares
using a GIS (ARC-INFO). As a result, the number of records for this earlier period
rose from 1.7 million to 2.1 million.

The most important survey bias was incomplete coverage in space and time: for
example, before 1950 agricultural areas were not often visited. A regional filling up
method was therefore applied to gain an unbiased estimate of the national presence
of plant species in all three periods. For this calculation a classification of the
Netherlands into ecogeographical regions was used (Weeda 1996, Klijn 1997). For
each of the twenty-five ecogeographical regions (E) the fraction of each species
within the sample of sufficiently surveyed grid cells (Fg) was multiplied by the ratio
between region area and sample area (Wg). The result is an estimated total presence
of the species per ecogeographical region. For each species these regional values
were then summed for the whole of the Netherlands and presented finally as
permillages:

E=25
pr=1000, > FexWg (Formula 1).
Neth  E=l
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The total permillage of each plant species, Pr, was logistically transformed (see
statistical textbooks, e.g. Cox and Snell 1989) so that the data fulfilled the statistical
assumption of homogeneity of variance:

Pr+0.0283
logit(Pr ) =In( ———— Formula 2).
ogit( Pr) =In( 1000.0283-Pr ) ( )

Addition of 0.0283 per mille, equivalent to a presence in just one 1 km square, was
carried out to avoid calculation problems with zeros.

Next, the differences in (logistic) values between consecutive periods were
calculated; these differences will be referred to in the text as changes in frequencies
of plant species. In the subsequent tests the transitions from the period 19021950 to
1975-1985 and from 1975-1985 to 1985-2000 will be referred to, respectively, as
first transition: 1930—>1980, and second transition: 1980->2000.

To analyse the observed changes in species frequency, plant functional
characteristics were taken as explanatory variables, for the principal reason that
sufficiently detailed nation-wide information on, especially, ecological site factors
(e.g. nutrient availability) are lacking for the 20™ century and for the Netherlands as
a whole.

In relation to climate, the Temperature (T) and Continentality (K) indicator
values of Ellenberg et al. (1992) were used. Information on type of photosynthetic
pathway per plant species was taken from Szarek and Ting (1977), Szarek (1979),
Andrés (1993) and Van Voorst (2001). Plants with a C4 or CAM type of
photosynthesis are subsequently referred to as C4-plants.

Ellenberg indicator values were also used as explanatory variables for several
other environmental characteristics, viz. Nutrient availability (N), Moisture
availability (F), Salinity (S) and Acidity (R) (Ellenberg et al. 1992, Wiertz 1992,
Hill et al. 1999). In addition, the ‘Urbanity’ classification of Denters (1999) was
used as an explanatory variable to test the hypothesis that urbanisation might be an
alternative explanation for the observed increase in thermophilic plant species.

An important aspect of statistical analysis is the scale on which the different
variables are set out. Scales may be quantitative (continuous or discrete) or
qualitative (ordinal or nominal). Ellenberg indicator values are ordinal, but in many
studies they are simply treated as if they were continuous (see Discussion). The
approach adopted in this study was to treat Ellenberg indicator values in a pre-
analysis both as factors (qualitative) and as variates (quantitative), comparing the
respective results. In the significant variables selected, no differences were found
between these two approaches and therefore analysis was completed using Ellenberg
indicator values as variates. Photosynthetic type and Urbanity were used as factors
with two and four levels respectively. Ellenberg’s ’indifferent’ values (X) for plant
species responding indifferently to a given site factor were treated as missing values.
All variates V were transformed according to:

y1=Yi—mean(V) (Formula 3).
standard deviation(})
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For the purpose of the present study multivariate statistical methods (e.g. Hengeveld
1985) were judged less appropriate, because there were only three basic sampling
periods and because multivariate analysis is used primarily in research of an
exploratory character (e.g. Jongman et al. 1987). Univariate multiple regression
analysis was used instead, because more detailed models and test options are
available. More specifically, the software package GenStat (VSN 2000) was used for
the statistical analysis.

For each of the plant species selected for analysis the changes in frequencies
occurring in the first and second transitions were used as records in the statistical
analysis. The changes in frequencies associated with the first and second transitions
were analysed separately. These were related to the climatic and other
environmental characteristics (either as factors or as variates) of each species by
multiple regression analysis (Montgomery and Peck 1992).

A major problem in identifying the best explanatory variables was possible
correlation (collinearity) among them. This was tackled in two ways: by calculating
Pearson correlations between the main climatic and other environmental variables,
and by applying the technique of best subset regression (e.g. Miller 1990). This
latter method produces a best subset of equations by comparing all possible
regression equations, permitting conclusions on whether effects of variables are
‘interchangeable’.

The analysis was performed in several steps. First, the significance of climatic
and other environmental characteristics was tested using best subset regression.
Once the most significant effects had been established, possible effects of
interactions and quadratic terms were analysed. This constituted the bulk of the
analysis. Second, after the main explanatory climatic and environmental variables
had been established, the significance of photosynthetic type was established by
adding this variable to the model with all the significant climatic and environmental
variables already present. Third, to test the alternative hypothesis the
interchangeability of the variables Urbanity U and temperature T was tested by
conditional (U or T added to the model with other significant variables) and
marginal tests (U or T added to the model with other significant variables and the
competing variable).

Fourth, the contribution of the significant variables to explaining the data was
calculated. In a completely balanced study, the contribution of a variable can be
directly determined as its sum of squares relative to the total sum of squares.
Obviously, we do not have a balanced design, so that the contribution of a variable is
dependent on the order of the variables in the regression equation. However, it is
still possible to estimate the contribution using a combination of marginal and
conditional tests (e.g. McCullagh and Nelder 1989). With conditional testing, the
variable is added to the simplest regression model, in this case the constant. With
marginal testing, the variable is added to the most complex regression model, i.e. the
constant and all the other explanatory variables. If the contributions of the variable
of interest are similar in both tests, we have a fairly reliable estimate.

In this type of research using statistical models, the effects of significant variables
are generally illustrated using the mean values predicted by the models. In this
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study, effects are presented as bar diagrams, using the average relative change of a//
originally selected species, not only those used in the statistical analysis, to obtain
more reliable figures that can be more readily interpreted. The most important
motive here is that model predictions are expressed as differences in logistic values,
which cannot be interpreted in a meaningful way. Also, given our very strict
selection of species for statistical analysis, the representativeness of that selection
will always be queried. The mean predicted changes in the selected species and the
mean measured changes in all species were very similar, however.

The diagrams show the mean relative change. First the ratio was determined for
each species between the total permillages (Formula 1) of two consecutive periods.
Then the average overall ratio, R, was calculated as the geometric mean (Sokal and
Rohlf 1969) of all ratios. Also the average class ratios R, were calculated as
geometric means for the different classes of the different explanatory variables.
Finally the mean relative change (MRC) was calculated as a percentage:

MRC = (Ry/R, — 1) x 100 (Formula 4).

4.3. Results

4.3.1. General: average decrease and increase per transition

The analysis of each of the two transitions was based on only 45% of the total
number of originally selected species (Table 1). However, a comparison of the
average changes in the frequencies of these species with the average changes for all
species examined in this study showed any differences to be small and, where
present, only strengthened the expectations. The species selected for the main
statistical analysis can therefore be said to be representative. This conclusion is also
supported by the close resemblance in correlations between climatic and other
environmental characteristics for these species with respect to the two separate
transitions and the correlations for all species (Table 2).

Table 1. Best regression models for explaining changes in plant species frequencies in the
Netherlands by climatic and environmental characteristics for two transitions in the 20™ century.

first transition: second transition:
1930—> 1980 1980—>2000

degrees of freedom 514 546

% explained variation (R?) 44.8 17.4

significant regression coefficients

T: Temperature  linear term -0.065 0.200

quadratic term 0.089 0.065

N: Nutrient availability 0319 0.159

F: Moisture availability -0.118 -0.143

R: Acidity 0.115 -0.078

Gorteria Supplement 6 79



During the first transition there was a strong mean decrease in particular of rare
species of highly valued original ecosystem types, which is larger than the mean
increase, in particular of common species. The overall mean change in species
frequencies was about 0.85, an overall decline in presence per sq. km, probably
reflecting the loss of many valuable types of vegetation. For the second transition
the reverse is the case, but increase and decrease are far less strong than for the first
transition. The overall mean change in species frequencies was 1.35, an overall
increase, which is generally recognised by Dutch botanists to be due to an expansion
of urban habitats (road verges, roads, buildings, etc.), leading to a more ‘mosaic’-
type landscape comprising elements of both rural and urban landscapes.

4.3.2.  Best selection models

Table 1 summarises the results of the best subset regression models. For both
transitions, analysis resulted in one best model with Nitrogen availability (N),
Temperature (T), Moisture availability (F) and Acidity (R). Only in the case of
Temperature were there significant quadratic terms. There were thus no serious
problems with collinearity. This is also supported by the low correlation values
between climatic and other environmental characteristics (Table 2). The percentage
of variance explained by the two models was about 45% for the first transition and
about 18% for the second. For further interpretation of the amount of variance
explained, see section 3.6.

70
188

60

40
30 |

20 | 204

10 174 480 520

o
-10 55

s
20 . r 187

relative change (%)

(S8
0o
w

X 2-4 (cold) 5 6 7-9 (warm)

Elenberg T-values

Fig. 1. Average relative change of plant species in relation to Ellenberg Temperature classes for the
first transition: 1930—>1980 (white bars) and second transition: 1980—>2000 (grey bars); X =
‘indifferent’ value; bars are labelled with number of species used for calculation.
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Table 2. Correlations between climatic and environmental characteristics and changes in plant
species frequencies in the Netherlands in the 20™ century; avail. = availability.

correlations for first transition: 1930->1980 (514 taxa)

Temperature T 1.000

Continentality K 0.051 1.000

Nutrient avail. N 0.127 0.184 1.000

Moisture avail. F -0.158 -0.066 0.217 1.000

Acidity R 0.281 0.373 0.429 -0.066 1.000

Salinity S 0077 -0.028 0.106 0.220 0.130 1.000

Change frequency  d12-0.123 0.083 0.343 0.040 0.126 -0.026 1.000
T K N F R S di2
correlations for second transition: 1980—>2000 (553 taxa)

T 1.000

K 0.066 1.000

N 0129 0.16l 1.000

F -0.165 -0.035 0.230 1.000

R 0.270 0.354 0430 -0.043 1.000

S 0080 -0.009 0.099 0.200 0.135 1.000

d23 0.252 0.047 0.152  -0.190 0.048  -0.047 1.000

T K N F R S d23
correlations based on maximum number per pair of variables (837-1189 taxa)

T 1.000

K 0.056 1.000

N 0.088 0.125 1.000

F -0212 -0.095 0.188 1.000

R 0255 0.295 0.382 -0.079 1.000

S 0.059 0.012 0.129 0.178 0.148 1.000

T K N F R S

4.3.3.  Effects of climatic characteristics

Temperature was found to be a significant explanatory characteristic in both
transitions (Table 1). In the first transition statistical analysis showed a small
increase in both psychrophilic species (Ellenberg T-values 2—4) and thermophilic
species (Ellenberg-values 7-9), an effect not visible in the measured values (Fig. 1),
which showed only small decreases for both groups of species. In the second
transition thermophilic species increased far more markedly than other species
(Ellenberg T-values < 7) (Table 1, Fig. 1). In the first transition there thus appears to
be a small temperature effect, which is not observable in the measured values
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Fig. 2. Average relative change (%) in measured frequency of plant species in relation to
Ellenberg’s Nutrient availability classes for the first transition: 1930—>1980 (white bars) and the
second transition: 1980—>2000 (grey bars); for explanation see Fig. 1.

because it is obscured by the stronger effects of the other variables, while in the
second transition the temperature effect is pronounced.

The climatic characteristic Continentality (K) was not significant in either
transition. In other words the increase of winter rains in the Netherlands is not
mirrored in the observed floristic changes. (On this point, see also the results on the
environmental variable moisture (F) in section 3.3, however.)

Plant species with C4- or CAM-photosynthesis are adapted to warmer and drier
climates. The number of C4-species included in the analysis is about 2.5% of all
species. Photosynthesis type was also only significant in the second transition: a
threefold increase of C4-species relative to the average increase of the C3-group.
The effect of photosynthesis type is additional to the effect of temperature, i.e. the
observed increase in C4-species cannot be explained by temperature changes alone.

4.3.4.  Effects of other environmental characteristics

In both transitions the environmental characteristic Nutrient availability (N) was
significant (Table 1). In general terms the results can be interpreted as an increase in
eutrophic plant species and a decline in oligotrophic species. As can be seen in Fig.
2, in the first transition there was a marked decline in oligotrophic species
(Ellenberg N-values 1-3), by about 50%, and an increase in eutrophic species
(Ellenberg N-values >6). Mesotrophic (Ellenberg N-value 4-6) and indifferent
(Ellenberg X-value) plant species showed an average change or an increase. For the
second transition a similar conclusion can be drawn, but in this case the increases
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Fig. 3. Average relative change (%) in measured frequency of plant species in relation to
Ellenberg’s Moisture availability classes for the second transition: 1980—>2000; for explanation see
Fig. 1.

and decreases were much smaller, while mesotrophic and indifferent plant species
showed an average change or minor decrease (Fig. 2).

The environmental characteristic Moisture availability (F) was likewise
significant in both transitions (Table 1) and can be interpreted, in general terms, as
an increase in xerophilic species and a decrease in hydrophilic species.- This is
demonstrated for the second transition in Figure 3: a decrease in hydrophilic species
(Ellenberg F-values 10—12), an increase in xerophilic species (Ellenberg F values 1—
3), average changes for species of moist sites (Ellenberg F-values 4-9) and a strong
decline in indifferent species. Why species indifferent to moisture availability should
show such a marked decrease remains obscure. The environmental characteristic
Acidity (R) was also significant, but will not be further treated here.

4.3.5. Interaction between climatic and other environmental variables

Best subset regression analysis revealed two cases of interchangeability between
significant positive characteristics, both in the second transition: between moisture
and nutrient availability (F x N) and between moisture availability and temperature
(F x T). The additional explanatory power of these interactions was only minor
(approx. 1 %), with the interaction F x N having slightly more influence than F x T.
From Table 3 it is apparent that there is a positive interaction between moisture
availability and nutrient availability. Plant species that are both xerophilic and
eutrophic, in particular, show a larger increase than other combinations. These
results are consistent with the absence of an effect of climatic characteristic
continentality (K), i.e. no effect of increased precipitation.
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Table 3. Average measured change in plant species frequencies (expressed as the geometric mean
of the ratios of total permillages in latter and former period) in the Netherlands for the second
transition: 1980—>2000; positive interaction of Moisture (F) and Nutrient availability (N) (upper
part) and competitive interaction of Moisture availability (F) and Temperature (T). In parentheses:
number of records per class combination of the characteristics. n.a. = not available.

second transition: 1980—>2000 moisture
dry moist wet
nutrient avail. N) (F) <5 5-8 >8
oligotrophic 1-3 1.24 (194) 1.34 (107) 1.02 ( 79)
4-6 1.59 (134) 1.23 (228) 1.17 ( 68)
eutrophic 7-9 2.42( 45) 1.59 (187) 1.32 ( 58)
temperature (T)
psychrophilic 24 na ( 2) 1.44 (31) 1.05 (32)
5-6 1.22 221) 1.35 (341) 1.06 (134)
thermophilic 7-9 2.07 (120) 2.32(50) 1.50 (15)

4.3.6. Urbanisation. an alternative explanation for the increase in thermophilic
species

Given that urban areas generally have a warmer microclimate, urbanisation may
provide an alternative explanation for the observed increase in thermophilic species
in the Netherlands (see Introduction). If the entire increase in thermophilic species
were indeed due to urbanisation, then in statistical terms the effect of Temperature
(T) and Urbanity (U) would be completely interchangeable. Urbanity was found to
be significant in the second transition only, with a 50 % to 150 % increase being
observed in typically urban species (Fig. 4). Non-urban species and surprisingly
cosmopolitan species (like Plantago major and Capsella bursa-pastoris) showed an
average decrease. The effect of Urbanity was not completely interchangeable with
that of climatic variables. Its effect was thus partly additive. After addition of the
factor Urbanity to the best regression model for the second transition (Table 1) the
percentage variation explained increased from 17% to 26%. (Table 4). Of the
variation explained by temperature in the second transition, 50% could be explained
by Urbanity.
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Fig. 4. Average relative change (%) in measured frequency of plant species in the Netherlands for
the second transition: 1980—>2000 in relation to different classes of Urbanity; for explanation see

Fig. 1.

Table 4. Contribution of climatic and environmental variables to explaining changes in plant
species frequencies in the Netherlands; SS = sum of squares; total = sum of contributions of
individual variables; T+F+N+R = contribution of combination of variables; avail. = availability; - =

not significant.

first transition: 1930—>1980

marginal conditional
SS % SS %

second transition: 1980—>2000

marginal conditional
SS % SS %

T: Temperature
N: Nutrient avail.
F: Moisture avail.

4.7 6) 134 (22)
497 (61) 357  (60)
1.2 (1) 61 (10)

219 59 17.1 (45)
5.7 (15) 9.2 (24)
9.2 25 95 25)

R: Acidity 259 (32) 48  (8) 04 (1) 23 (6
subtotal 81.5 (100) 60.0 (100) 37.2  (100) 38.1 (100)
T+F+N+R 71.8 36.9

total model 362.4 493

total model + Urbanity - 71.0

total SS 808.5 282.4
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4.3.7.  Contribution of climatic and other environmental variables to explanation
of changes

Table 4 shows the sum of the squares of the climatic variables, the other
environmental variables and Urbanity as calculated by the models. The contribution
of each significant environmental variable to the overall variation explained by all
variables can be calculated, as in a balanced experiment, if the results of marginal
and conditional testing are in general agreement. In the first transition nutrient
availability alone explains a constant 60% of the variation explained by the
environmental variables. The contributions of the other environmental variables
calculated by marginal and conditional testing were not in sufficient agreement. In
the case of the second transition there was much better agreement between the
marginal and conditional sum of the squares of the climatic and other environmental
variables. Temperature (T) explained approx. 50% of the variation explained by
these variables taken together, with nutrient and moisture availability explaining
virtually the remainder. In the second transition Urbanity proved to be the main
explanatory variable (Table 4 and section 3.6).
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4.4, Discussion

This article describes some effects of climate change on vascular plant distribution
in the Netherlands during the 20" century and makes a significant contribution to the
body of evidence on modern climate change, for five reasons: 1) The results are
from a temperate lowland region of considerable size (in comparison to mountain
tops). 2) The full range of natural, semi-natural and urban ecosystems has been
examined, so that results are not biased towards pristine and very sensitive
ecosystems (Parmesan and Yohe 2003, Root et al. 2003). 3) By applying appropriate
statistical analysis, possible confounding effects (e.g. urbanisation) could be
properly accounted for and disentangled. 4) More generally, changes in flora appear
to correlate very closely with changes in climate, small changes in flora coinciding
with small temperature changes and large changes in flora with large temperature
changes. 5) We studied species frequencies instead of phenology or range boundary
shifts.

The observed changes in vascular plant presence and distribution in the
Netherlands in the 20" century were found to be significantly related to the
temperature characteristics of the plants in question. In the last few decades of the
20™ century, particularly, the marked increase in thermophilic species corresponds
closely with the similarly marked increase in temperature recorded in the
Netherlands. The timing of the response of thermophilic vascular plant species was
almost identical to that observed for lichens in the Netherlands (Van Herk et al.
2002). The marked increase in the presence of thermophilic plant species in the final
decades of the 20™ century was not counterbalanced by a decrease in psychrophilic
species. This asymmetric response is recognised as a general phenomenon in most of
the main reviews of the biological effects of climate change (IPCC 2001, Walther et
al. 2002, Gitay et al. 2002, Parmesan and Yohe 2003, Root ef al. 2003). In the first
transition, between 1902-1950 .and 1975-1985, there was a small increase in
thermophilic plant species, to be expected as a result of the ending of the Little Ice
Age in the 19™ century. However, the analysis of this transition also showed a small
increase in psychrophilic species. The most likely explanation for this latter increase
is the marked increase in the age and area of Dutch forest in the 20" century. The
group of herbaceous woodland species contains more psychrophilic species; the
average Ellenberg Temperature indicator for woodland species is about 5, as against
about 6 for the remainder of the species.

The second article of the United Nations Framework Convention on Climate
Change (UNFCCQC) states, amongst other things, that ecosystems should be allowed
to adapt naturally to climate change. In general it is assumed that plants and animals
cannot adapt their ranges fast enough, given the very high rates of climate change
anticipated (e.g. Huntley 1991, Grabherr et al. 1994, IPCC 2001, Walther et al.
2002, Gitay et al. 2002, Parmesan and Yohe 2003, Root ef al. 2003). Unfortunately,
apart from the marked increase in thermophilic plant species in the final decades of
the 20" century, no conclusions can yet be drawn as to whether today’s assemblage
of plant species in the Netherlands is in line with changed climatic conditions.
Runhaar et al. (2002) have compared plant community assemblages in wet brook
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valleys in the Netherlands and in north-west France, a situation expected to reflect
the Dutch climate and vegetation in about a hundred years’ time. They concluded
that certain minor changes were to be expected and that such changes had not been
observed in the recent past. It would be very useful to conduct a similar study on
moist and dry ecosystems in the Netherlands, to assess their adaptability to climate
change.

There was no evidence for changes in plant frequencies being due to the increase
of winter rains in the Netherlands. This may have several explanations, e.g. that the
additional winter precipitation does not contribute significantly to higher water
levels in summer and higher moisture availability but only to increased pumping.
This is supported by the results, which show a strong increase in xerophilic plant
species. These results are not consistent with the north-east shift of plant species and
vegetations in Europe predicted by a number of authors (Alkemade ez al. 1999, Thle
et al. 1999, Bakkenes et al. 2002). Consequently, processes other than climate
change are probably masking or counteracting any increase in more western species.
The increase in C4-plants could not be completely explained by temperature, so
other factors such as herbicide use in arable fields are probably favouring C4-plants.

Despite our focus on the effects of climate change, other environmental variables
prove to be far more important as causal factors explaining observed changes in the
Dutch vascular plant flora in the course of the 20" century. The results of our
statistical analyses are in general agreement with earlier, more qualitative research
into the causes of historical changes in the Dutch flora (see Introduction). By far the
most important change was found to be the marked decline in oligotrophic plant
species and the marked increase in eutrophic species.

As the information in the databases employed had not been collected
systematically, great caution had to be exercised in its usage and interpretation (e.g.
Rich and Woodruff 1992). Even after making extensive corrections for survey bias
in this study, we cannot entirely rule out the presence of artefacts in the data and
analysis. The representativeness of the results might be improved in the future by
developing methods to add records of the very rare species and species responding
‘indifferently’ (Ellenberg) to one or more environmental factors. Further research is
also needed on the use of survey periods of differing lengths and differing survey
intensities.

Plant functional characteristics were used as explanatory variables for the
changes observed in the Dutch flora in the 20® century, the most important of which
were Ellenberg’s indicator values (Ellenberg er al. 1992). However, it should be
pointed out that these are based on operational ecological site factors like nutrient
availability. These operational site factors are not equivalent to conditional or causal
factors: for example, nutrient-related effects may have a number of different causes,
in particular agricultural intensification, changes in land use, lowering of the water
table and nitrogen deposition.

Despite the fact that Elleberg indicator values are defined on an ordinal rather
than continuous scale, they have been consistently regarded and used as if they were
continuous, even by the creator himself (Ellenberg et al. 1992, also e.g. Ter Braak
and Barendregt 1986, Jongman et al. 1987, Schaffers and Sykora 2000, Wamelink et
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al. 2002). Using field data, Ellenberg et al. (1992), Schaffers and Sykora (2000) and
Wamelink et al. (2002) also demonstrated that differences between indicator values
were relatively constant, as with a continuous scale. In a pre-analysis for this study
Ellenberg’s indicator values were treated as both continuous and qualitative.
However, these divergent approaches did not yield essentially different results. In
this case, then, it seemed justified to treat Ellenberg’s indicator values as being
continuous.

Over the last decade the protection of biodiversity has become an important
political issue (UNCED 1992). While reliable distributional data on flora and fauna
are a key prerequisite for developing effective and efficient conservation policies,
such data are often unavailable, thus creating a bottleneck for project realisation. In
the Netherlands, however, there are two nation-wide databases containing millions
of historical records of vascular plants occurrence. Despite the inherent survey bias
of these kind of surveys, the results obtained using these atlas data hold major
relevance for nature conservation and environmental policy.
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5. History of non-native vascular plant species in the
Netherlands

W.L.M. Tamis, R. van der Meijden and H.A. Udo de Haes

Submitted.

Abstract

Non-native, or alien, species are held to be a major threat to biodiversity worldwide. This article
presents a quantitative analysis of the history and dynamics of non-native vascular plant species in
the Netherlands and assesses the ecological threat they might pose. The total number of non-native
plant species growing outdoors in the Netherlands was estimated, using a variety of sources and
distinguishing between archeophytes (species introduced prior to 1500) and neophytes (introduced
thereafter), the latter grouped according to century of introduction. The chief focus of this article is
on the naturalised non-natives, which are compared and contrasted with Dutch native species. The
stock of non-natives is characterised in terms of species numbers, date of naturalisation, region of
origin, ecology and family affiliation and trends in species occurrence are analysed as a function of
naturalisation date. The results are used to test several hypotheses regarding the success of non-
native species. Finally, the fate of these species and their impact on the Dutch wild flora are
assessed. In the Netherlands naturalised non-natives account for approximately 25% of all vascular
plant species occurring in the wild (9 p.p. archeophytes, 16 p.p. necophytes). Almost all the
archeophytes are of European origin, while neophytes are from several continents (63% Europe,
25% North America, 9% Asia). The archeophytes are from a narrower spectrum of ecological
groups than the neophytes, though both can be characterised as predominantly pioneers and
ruderals of (moderately) nutrient-rich soils. The profile of common versus rare species is very
similar for archeophytes and natives. Neophytes are far less common than either, becoming
commoner the earlier the date of naturalisation. In terms of change in occurrence, too, archeophytes
also show a similar pattern to natives, with a modest increase in common species and a decline in
rare species that is more pronounced for the archeophytes. The neophytes show increases that
become greater the more recent the date of naturalisation and the commoner the species.
Commonness and rate of increase are higher for non-native species of more distant geographic
provenance, supporting the ‘escape from the antagonist complex’ hypothesis. The results also
support the hypothesis that non-natives occur predominantly in man-made habitats, that are subject
to frequent disturbance. No support could be found for the hypothesis that ecosystems with a large
number of native species are less susceptible to colonisation by new species, i.e. that their
‘invasibility’ is lower. The percentage of archeophytes on the Dutch ‘Red List’ of threatened
species is similar to the figure for native species. The percentage of neophytes listed is far lower,
but there are a few. As to the percentage of extinct species, there was no significant difference
between natives, archeophytes and neophytes. No relation was found between the number of non-
native species in a particular ecological group and the percentages of Red List or extinct species in
that group. Based on our data, there appears to be no evidence that non-native vascular plant
species have had any significant effect on plant biodiversity in the Netherlands.
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5.1. Introduction

Colonisation is one of the fundamental ecological processes determining
biodiversity (MacArthur and Wilson 1967, Hubbell 2001). It may be either
spontaneous, the result of changing ecological conditions and natural processes of
transport and dispersal, or anthropogenically induced. In the latter case it may either
be deliberate, as when new agricultural or forestry species are introduced, or
accidental, as with the escape of garden ornamentals. Regional patterns of
colonisation by new plant and animal species are of interest to both scientists and
society at large. The scientific interest lies in understanding the environmental
factors and species characteristics that determine the success of introduced species
within an evolutionary context. Several hypotheses have been proposed to explain
rapid expansions of species range, focusing in particular on the role of the native
antagonist complex (diseases, pests, predators, etc.), co-occurrence with increasing
anthropogenic disturbance (incl. open space) and the presumed greater ‘invasibility’
of species-poor communities (Elton 1958, Lodge 1993, Cronk and Fuller 2001,
Slobodkin 2001, Turlings 2001 etc.). For society at large, non-native and especially
invasive species are of interest because of their potential to damage ecologies as well
as impact on economic activities. Examples of such damage include competition
with native flora and fauna and impacts on a variety of ecological processes (Elton
1958, Mooney and Drake 1989, Williamson 1996, Delbaere 1998, EEA 1999,
Groombridge and Jenkins 2000, Cronk and Fuller 2001 etc.). In this connection
IUCN regards introduced or alien species as the second largest cause of biodiversity
loss worldwide (IUCN 2000). Examples of economic damage include impacts on
agricultural crops and forestry (e.g. Pimentel et al. 2000, Van den Tweel and
Eysackers 1987) and on water management (e.g. Van der Velde 1987, Pot 2002).
Some authors also cite benefits to ecologies and society, including protection of
soils and coasts (planting of Townsend’s Cord-grass, Spartina anglica in coastal
waters, for example, or Sea wormwood, Artemisia campestris subsp. maritima in
dry dunes) and, depending on conservation attitudes, even speak of ‘ecological
enrichment’ (e.g. Weeda 1987: “examples ... of neophytes which complete
vegetation types in a “harmonious” way ”, see also Shapiro 2002).

In the literature a variety of terms (exotic, alien, invasive, invading, aggressive,
etc.) and classifications are used in connection with non-native species, often
inconsistently and with the same terms sometimes even meaning different things
owing to different criteria being employed (compare, for example, Sukopp 1998,
ITUCN 2000, Cronk and Fuller 2001, Williamson 1996, Di Castri 1989, Heywood
1989, Richardson ef al. 2000). In this article we have opted to use the neutral,
dichotomous terms ‘non-native’ versus ‘native’. In characterising non-natives in
terms of date of naturalisation, geographic provenance, commonness, rate of change
and so on, we have endeavoured to account unambiguously for all relevant aspects
of the other terms employed in the literature.

The present article focuses on the history and dynamics of non-native vascular
plant species in the Netherlands. We consider this analysis particularly valuable,
because of the large number of well-documented databases of species occurrence
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maintained in the Netherlands that until now have been scarcely employed in this
context. Despite considerable public and political interest in the issue of non-native
plant species, it has been the subject of only a limited number of scientific papers in
the Netherlands (Weeda 1987, Van den Tweel and Eijsackers 1987, Den Hartog and
Van der Velde 1987, Ernst 1998, Pot, 2002, and, in part, Thompson et al. 1995). A
quantitative analysis of the introduction, development and impacts of non-native
plant species in the Netherlands is entirely lacking. We have chosen here to adopt a
historical approach, putting present developments into a long-term context and
investigating the fate of non-native species over an extensive period. Two groups of
non-native species are distinguished: archeophytes, introduced from the advent of
our era up to 1500 AD, and neophytes, introduced since. Trends in species
occurrence are compared with those of Dutch natives, i.e. species presumed to have
been growing in the Netherlands before our era. All species were classified into one
of these three groups using various data sources, including archeobotanic databases,
written and electronic sources, herbarium records and databases of species
distribution.

In this paper we pursue four research themes in tandem. First we characterise the
stock of non-native species in terms of species numbers, date of naturalisation,
region of origin, ecological characteristics and family affiliation. We next analyse
trends in species occurrence as a function of naturalisation date. We then discuss the
results in the light of several hypotheses regarding the success of non-native species.
Finally, we examine the fate of these species and their impact on the wild flora of
the Netherlands, assessing the extent to which non-native species might pose an
ecological threat.

5.2. Methods and sources

In presenting the methods employed in this study we follow the sequence of research
themes cited at the end of the last section.

The first goal was to analyse several key characteristics of non-native Dutch
vascular plant species and compare them with those of native species. A note on
terminology is in order here: for the sake of convenience in this article we shall
generally use the term ‘species’ rather than ‘taxon’, which also includes subspecies,
varieties and hybrids. Only in establishing total species numbers has the strict
definition of the term species been used, by aggregating subspecies, varieties and
hybrids to the species level.

The first phase of characterisation was a species count. To this end we first
distinguished between native and non-native vascular plant species, dividing the
latter into species found in (semi-)natural and other habitats. The non-natives
encountered in (semi-)natural habitats were further subdivided into non-naturalised
and naturalised species. The main criterion for naturalisation was that a new plant
species must have had at least three generations at three different sites (Van der
Meijden et al. 1991). The number of non-natives not found in (semi-)natural
habitats, all of them agricultural and horticultural plants commonly sold in the
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Netherlands, was derived from Wortelboer (2000); see Table 1 for further details.
The number of non-naturalised non-natives found in (semi-)natural habitats was
derived from the Dutch distribution databases FLORIVON and FLORBASE
(Mennema et al. 1980, Kloosterman and Van der Meijden 1994, Groen et al. 1999,
Van der Meijden et al. 1996) and the botanical register BIOBASE (CBS 1997).
Numbers of native and naturalised non-natives were derived from the ‘Standard
List’ and the ‘Red List’ of the Dutch flora (Van der Meijden et al. 1991; Van der
Meijden et al. 1996; Van der Meijden et al. 2000); together, these latter species will
be referred to subsequently as the Dutch wild flora, or wild species.

Further characterisation of non-natives was restricted to naturalised species, as it
is only for this group that reliable Dutch distribution data are available for the 20™
century. These non-natives were broken down into archeophytes and neophytes, as
defined in the Introduction, employing a variety of sources (including Haasteren and
Brinkkemper 1995, Van der Meijden 1996, Kooistra 2001, see for further details
Annex of this study). Using the same sources, the neophytes were then classified
according to date (century) of naturalisation: 16®, 17%, 18™ and 19" and two equal
periods for the 20™ (1900-1950 and 1950-2000), combined as necessary for
calculations. From the same sources, both the archeophytes and neophytes were
classified, by date of naturalisation, according to region of origin: the five
continents, and within Europe six regions, again combined into groups as necessary
for calculations.

For ecological characterisation of the naturalised non-natives and natives a
classification of vascular plant species into 84 ecological groups was used (Runhaar
et al. 1987, Plate 1990, Witte and Van der Meijden 2000, Runhaar ef al. 2003). In
this classification each ecological group is characterised in terms of five operational
site factors: salinity, vegetation structure, moisture availability, nutrient availability
and acidity.

Finally, the plant family affiliation of natives, archeophytes and neophytes was
determined using the most recent edition of the standard Dutch flora (Van der
Meijden 1996).

The second research focus was an analysis of trends in occurrence of non-native
species compared with natives. For this purpose we made use of two large plant
distribution databases, FLORIVON and FLORBASE (see above), the former
containing about 1.7 million records for the years 1902-1950, the latter some 8.0
million records for 1975-2000; both map vascular plant species distribution for the
whole of the Netherlands on grid squares of (approx.) 1 sq. km. As these data have
been sampled over a long period in a variety of projects by people with varying
botanical skills, they were thoroughly corrected for survey bias errors.

Trends in occurrence were assessed in terms of two yardsticks: commonness and
rate of change in presence. The commonness of each native and naturalised non-
native in the final decade of the 20" century was determined using a simplified,
logarithmic classification (KFK: Dutch acronym for Kilometre Frequency Classes;
Tamis and Van ‘t Zelfde 2003) to establish total national presence: KFK 0: 0 km
squares, KFK 1: 1-3 km sq., KFK 2: 4-10 km sq., KFK 3: 11-30 km sq., KFK 4:
31-100 km sq., etc. to KFK 9: over 10,000 km sq.
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The rate of change (increase or decrease) of each native and naturalised non-native
was determined as the ratio between calculated total national presence in the final
decade and the first half of the 20" century.

For a full description of the databases FLORIVON and FLORBASE, correction
methods and calculation of total national presence we refer the reader to chapters 1
and 2.

The third research theme was concerned with testing several key hypotheses,
alluded to briefly in the Introduction, that seek to explain the success of (some) non-
native vascular plant species in competition with the native flora. The first
hypothesis we examined with our results posits the native antagonist complex, i.e.
diseases, pests, predators, etc. as determining the success of non-native species. As a
proxy for the ‘relatedness’ of non-natives to the native antagonist complex we used
distance of region of origin from the Netherlands. We then tested for correlation
between commonness and rate of change on the one hand and distance of region of
origin on the other.

The second hypothesis tested posits frequent disturbance as a key factor
influencing non-native success. Man-made habitats are characterised by frequent
disturbance of soil and water and removal of natural vegetation, leading, among
other things, to open spaces and in the case of farmland to nutrient enrichment of
soils and water. According to this hypothesis, non-natives are likely to be more
successful at nutrient-rich sites and in dynamic situations. This can be measured as
the percentage and mean commonness (KFK) of the ecological groups characteristic
of these conditions, viz. pioneer and tall herbaceous (‘ruderal’) vegetation structure
on the one hand and nutrient-rich and, to a lesser extent, moderately nutrient-rich
conditions on the other. Particular attention was paid to pioneer vegetations of moist,
nutrient-rich soils, generally synonymous with the weed flora of intensively farmed
arable land.

The third hypothesis, neophyte success as a function of ecosystem ‘invasibility’,
was tested by establishing, for each ecological group, the percentage of non-native
species relative to total number of natives. If ecological groups comprising more
species are more resistant to colonisation by neophytes, then a negative relationship
should be found.

The fourth research theme addressed the fate and impact of non-native species.
Fate was investigated by testing whether the percentages of ‘Red List’ and extinct
species are the same for the various classes of non-natives as for the native flora.
The impact of non-natives was assessed by investigating, for each ecological group,
the relationship between the percentage of Red List or extinct species in that group
and the number of non-natives it comprises. If groups with more non-natives have
higher percentages of Red List or extinct species, then non-natives can be posited as
having a (negative) impact. Information on extinction and threatened status was
taken from the Red List for vascular plants in the Netherlands, in which species are
classified according to IUCN categories (IUCN 2001) using guidelines and criteria
drawn up by the Dutch Ministry of Agriculture, Nature Conservation and Fisheries
(Van der Meijden et al. 2000, Tamis et al. 2003a). In this study we distinguished
three basic categories: (1) Red List, threatened (present in fewer than 551 kilometre
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grid cells and in decline of over 25%, (2) Red List, non-threatened (either present in
fewer t