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Mixed messages from multiple
information sources on invasive species:
a case of too much of a good thing?

Philip E. Hulme* and Carolin Weser

INTRODUCTION

A widely recognized stumbling block in the successful preven-

tion and management of alien invasive species is the limited

access to data on species occurrence at local, regional and/or

international scales (Ricciardi et al., 2000; Simpson et al., 2006,

2009; Lee et al., 2008; Magarey et al., 2009; Vignon & Sasal,

2010). However, while data availability remains a challenge, it

is progressively improving, and in many cases, the major

difficulty is not data accessibility but its subsequent integration

and standardization (Crall et al., 2006; Graham et al., 2008;

Rashid et al., 2009). Nevertheless, even with such challenges

and the absence of common standards, an increasing number

of studies are drawing upon diverse datasets to characterize the
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ABSTRACT

Aim The increasing number and availability of online databases of alien species

beg a question of their comparability given most do not adopt standard criteria in

the definition of species status or taxonomic treatment and vary in their

comprehensiveness. In this study, we compare the consistency of two major

European databases for the regions they have in common. We assess whether they

use consistent terminology to classify species status, provide similar taxonomic

classification and coverage, deliver comparable estimates of alien richness per

country and identify comparable correlates of alien richness.

Location Northern Europe.

Methods Data on the total number of alien species as well as the number of

established alien species were extracted from the online databases DAISIE and

NOBANIS for 13 European countries and classified into comparable taxonomic

groups. Analyses across countries examined trends in alien species richness,

correlations among taxonomic groups and the explanatory power of population

density, country area and per capita GDP on alien species richness.

Results Alien species richness, intertaxon correlations and the significance of

individual drivers of invasion were all strongly database dependent. Differences were

more marked for total numbers of aliens than established aliens. Over all taxonomic

groups, DAISIE had lower species richness and fewer significant intertaxon

correlations but presented a greater number of significant explanatory models of

alien species richness. Trends in species richness were not generally correlated

between the two databases with human population density being a more important

driver in DAISIE while country area had greater explanatory power in NOBANIS.

Main conclusions Considerable caution should be applied when collating data

from different databases because often their underlying structure and content may

differ markedly. For Europe, the analysis indicates that having two contrasting

databases is not an ideal basis for implementing invasive species policy and moves

should be made soon to establish a central pan-European database.
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Biodiversity indicators, biological invasions, cyber-infrastructure, database

interoperability, exotic species, socio-economy, species area relationship.

Diversity and Distributions, (Diversity Distrib.) (2011) 17, 1152–1160

DOI:10.1111/j.1472-4642.2011.00800.x
1152 http://wileyonlinelibrary.com/journal/ddi ª 2011 Blackwell Publishing Ltd

A
 J

ou
rn

al
 o

f 
Co

ns
er

va
ti

on
 B

io
ge

og
ra

ph
y

D
iv

er
si

ty
 a

nd
 D

is
tr

ib
ut

io
ns



status of biological invasions (Molnar et al., 2008; McGeoch

et al., 2010). Such overviews can only be as good as the

databases behind them and their consistent treatment of

species status, survey effort and taxonomic coverage. This

quality control information is often hard to gauge, and the

implications of different standards are as yet poorly recog-

nized. Given the increasing efforts to identify socioeconomic

correlates (e.g. gross domestic product, human population

density, etc.) of alien species richness at global scales (Westphal

et al., 2008; Hulme, 2009; Kueffer et al., 2010; Sharma et al.,

2010), ensuring that different databases provide the same

information quality would seem essential for informed policy

decisions.

To explore the consequences of different approaches to

invasive species database construction, this study exploits a

unique opportunity provided by two independently developed

large-scale datasets covering the same regions in Europe.

Europe has recently transformed itself from one of the regions

with the poorest coverage of alien invasive species information

to one that is probably the envy of the world (Hulme et al.,

2009a). This is attributed to the parallel developments in

invasive species inventories undertaken over the last decade

through two major initiatives: the North European and Baltic

Network on Invasive Alien Species (NOBANIS) and the

Delivering Alien Invasive Species Inventories for Europe

(DAISIE) initiatives. Data from both NOBANIS and DAISIE

have been used in the development of global (McGeoch et al.,

2010) as well as European (EEA 2009) indicators of biological

invasions.

NOBANIS (http://www.nobanis.org) is a regional portal

supplying information on alien species in northern and central

Europe. Although receiving initial financial support from the

Nordic Council of Ministers, the database is currently deliv-

ered through a network for co-operation between competent

authorities of 19 countries in the region (Austria, Belgium,

Czech Republic, Denmark, Estonia, Faroe Islands, Finland,

Germany, Greenland, Iceland, Ireland, Latvia, Lithuania, the

Netherlands, Norway, Poland, European part of Russia,

Slovakia and Sweden).

DAISIE (http://www.europe-aliens.org) was initiated by the

European Commission under its Sixth Framework Programme

to deliver a pan-European inventory of invasive alien species.

Substantial funding over 3 years enabled DAISIE to have a

much wider remit than NOBANIS with the result that data

were collated for all 27 European Union member states (and

separately for their significant island regions), for other

European states (Andorra, Iceland, Liechtenstein, Moldova,

Monaco, Norway, the European part of Russia, Switzerland,

Ukraine, the states of the former Yugoslavia) and for Israel

(Hulme et al., 2009b). Work within DAISIE has continued

post-funding through various ad hoc arrangements among the

original partner institutions. Individuals from three partner

organizations (Austria, Lithuania and Sweden) have been

involved in both database initiatives.

Given the common scope of both NOBANIS and DAISIE

and shared partners, it might be expected that the underlying

data for those regions in common should be the same. Yet to

date, no formal comparison has been undertaken on these two

datasets. If a reliable picture is to emerge regarding biological

invasions in Europe, then the two datasets should:

1. Use consistent terminology to classify species status;

2. Provide similar taxonomic classification and coverage;

3. Present comparable estimates of alien richness per country;

4. Identify equivalent correlates of alien richness.

Any differences between the databases will imply that

merging the two into a single European database on alien

species may pose significant challenges and, more importantly,

may warn against the uncritical comparison of global patterns

in biological invasions using several regional databases that

adopt non-standard criteria. Worryingly, while the two

datasets have often used similar primary sources of informa-

tion and even involve some of the same individual researchers,

the picture they paint of invasions in Europe is not the same.

Not only do these findings warn against the uncritical use of

these resources, but also highlight a major challenge if Europe

is to establish a single platform for invasive species information

under its proposed invasive species strategy (Hulme et al.,

2009a). This is particularly true where indicators such as the

total number, or rate of change in alien species numbers, are

used to support policy targets and where multiple databases

might give mixed messages. These results also have implica-

tions for the reliability of global data aggregator systems such

as the Non-Indigenous Species Database Network (NISbase)

and the Global Invasive Species Information Network (GISIN)

that pool together existing regional databases without consid-

eration of the differences in the underlying data quality or

selection.

METHODS

Comparison of the two databases

Comprehensive data on alien species in 13 European countries

are covered in both DAISIE and NOBANIS (Austria, Belgium,

Denmark, Estonia, Finland, Germany, Iceland, Ireland, Latvia,

Lithuania, Norway, Poland and Sweden). Both NOBANIS and

DAISIE follow definitions of alien species and invasive alien

species (IAS) as adopted by the Convention of Parties (COP 6,

decision VI/23). This defines an alien as a species, subspecies or

lower taxon introduced outside its natural past or present

distribution and includes any part, gametes, seeds, eggs, or

propagules of such species that might survive and subsequently

reproduce and an invasive alien is an alien species whose

introduction and/or spread threatens biological diversity (COP

6, decision VI/23). Data were extracted directly from infor-

mation available online with the following last access dates for

DAISIE (25/08/10) and NOBANIS (10/11/10). Both web

portals provide tools to summarize the number of alien

species per country but unfortunately do not use similar

taxonomic groupings. Thus, a cross-walk had to be established

between the two databases to establish a single set of common

taxonomic groups to facilitate further comparisons (Table 1)

Lack of consistency in alien species databases
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Furthermore, both databases usually distinguish between

species present in a country but not established (e.g. casual

records) from cases where a species is fully established.

However, only NOBANIS gives further information on inva-

siveness, data of introduction and frequency of occurrence of a

species in a country.

Extracting species data through the online search

tools

The ease with which country lists of alien species could be

extracted differed considerably between the two databases. In

NOBANIS, a single query through the ‘Country Statistics’

menu would generate absolute counts of all aliens in each of 16

taxonomic groups for any one country. To display a complete

list of species per taxonomic group per country with species’

status, first a query was necessary for each taxonomic group

per country through the standard database ‘Search DB’ menu,

which generates a list of all species in a particular taxonomic

group. Subsequently, the details for each individual species had

to be called up separately to assess the status of the species,

which is scored as established or not. Although DAISIE has a

‘European Summary’ menu that provides country statistics,

these data are only split into six broad biome/taxonomic

categories. Finer resolution data on what species are found in

each region require a search for each individual country

through the ‘Search Region’ menu. Separate searches need to

be undertaken for marine and terrestrial/freshwater species.

For marine taxa, a drop-down menu allows individual marine

areas to be selected, whereas for terrestrial/freshwater taxa, the

relevant country is selected from a map. Following either of

these selections, a hierarchical tree allows the initial broad

taxonomic categories to be broken down into 23 (terrestrial/

freshwater) or 14 (marine) taxonomic groups. Within each

Table 1 Taxonomic nomenclature used in DAISIE and NOBANIS and the common set of taxonomic groups derived in this study. For

comparison, the taxonomic groups used in the Global Invasive Species Database http://www.issg.org/database are also provided.

Taxonomic groups

This study DAISIE NOBANIS GISD

Annelids Annelida Annelids Annelid

Arthropods Araneae Arthropods Arachnid

Crustacea Crustacean

Insecta Insect, Centipede/Millipede

Other arthropods Collembola

Birds Aves Birds Bird

Bryophytes Bryophyta Bryophytes Moss/Wort

Cnidarians Cnidaria Cnidarians Jellyfish, anemone, coral, hydroid

Ectoprocta Bryozoan

Ctenophora Comb jellies Comb jelly

Fish Osteichthyes

Chondrichthyes

Fish Fish

Fungi Fungi Fungi Fungus

Herptiles Reptilia, Amphibia Reptilia & amphibia Reptile, Amphibian

Macroalgae/Phytoplankton Chlorophyta Macroalgae Alga

Dinophyta Phytoplankton

Other algae

Rhodophyta

Streptophyta

Mammals Mammalia Mammals Mammal

Molluscs Mollusca Molluscs Mollusc

Nematodes Nematoda Nematodes Nematode

Other invertebrates Entoprocta Other invertebrates Sponge

Porifera

Other chordates Tunicata Other chordata Tunicate

Other micro-organisms Bacteria Micro-organisms Micro-organism, Oomycete

Chromista Protozoans

Protista

Platyhelminthes Platyhelminthes Flatworms Flatworm

Vascular plants Gymnospermae Coniferous plants Bromeliad, aquatic plant,

grass herb, palm, rush,

sedge, shrub, succulent, tree,

vine/climber, ferns

Magnoliophyta Angiosperms

Pteridophyta Ferns

Streptophyta

P. E. Hulme and C. Weser

1154 Diversity and Distributions, 17, 1152–1160, ª 2011 Blackwell Publishing Ltd



taxonomic group, a list is found with each species labelled as

established, not established, unknown, unspecified or extinct.

The foregoing highlights both databases have poorly developed

data exploration and visualization tools, and creating web

services to access DAISIE and NOBANIS data using complex

queries could greatly simplify the extraction of information

from these databases.

Analysis

Ordinary least squares regression (OLS) was used to compare

alien species richness across the 13 countries for each common

taxonomic group. These analyses tested the null hypothesis

that the relationships should be equivalent to one with a slope

of unity and an intercept of 0. Separate analyses were

undertaken on all species recorded for a country (including

species recorded as extinct) as well as only for established

species to test the assumption that the latter should be more

consistently recorded between the two databases. To assess the

policy and scientific significance of any statistical differences

between the two databases, multiple regression analyses using

backward selection examined the relative importance of Gross

Domestic Product (Purchasing Power Parity), human popu-

lation density and land area in the among country variation in

the established species richness of each taxonomic group.

These three variables are known to be important in the

regional patterns of alien species richness across Europe (Vilà

& Pujadas, 2001; Pyšek et al., 2010a; Essl et al., 2011) and were

not significantly correlated with each other. Explanatory

variables were taken from the CIA World Factbook (CIA,

2009) with the aim to assess whether statistical significance and

variables retained in the minimum adequate model were

similar between the two databases. All analyses were under-

taken in SPSS (Norušis, 2007), and values presented in the text

represent means and associated standard errors.

RESULTS

Overall data structure and taxonomic representation

Taxonomic coverage was similar in both DAISIE and NO-

BANIS but different classification schemes meant that extract-

ing appropriate taxonomic groups was, at best, a challenge and

time consuming. Neither database fully conforms to the

taxonomic groupings assigned by the Global Invasive Species

Database (Table 1). Over all countries, the mean total number

of alien species as well as mean number of established alien

species was similar between the two databases, with the same

rank order found across the different taxonomic group means.

Low mean values and significant non-normality in the data

prevented further comparisons of the ‘Other’ groups (chor-

dates, invertebrates, micro-organisms). The total number of

aliens and the number of established aliens were, on average,

38.3% and 17.7% higher for NOBANIS compared with DAISIE

(Table 2). However, while the means for both categories of

aliens tended to be higher, there were no statistical differences

between NOBANIS and DAISIE in numbers of alien species

(established or not). Both databases reveal high mean CVs

indicating considerable variation in alien species richness

across countries. This variation was significantly more marked

for NOBANIS than DAISIE for both total (127.44 ± 0.10% vs.

86.31 ± 0.08%, paired t-test: t = 4.00, d.f. = 13, P = 0.002)

Table 2 Mean (and SE) alien species richness across 13 European countries for each of 17 taxonomic groups as estimated from data in

DAISIE and NOBANIS. Data are presented separately for ‘All alien species’ and those species identified as established. Figures in bold

represent the higher value in comparisons between DAISIE and NOBANIS; however, none of the pairwise comparisons were statistically

significant (P > 0.05).

Taxonomic Group

All alien species Established only

DAISIE mean ± SE NOBANIS mean ± SE DAISIE mean ± SE NOBANIS mean ± SE

Annelids 5.0 ± 1.4 8.1 ± 3.3 2.4 ± 0.9 3.2 ± 1.1

Arthropods 203.2 ± 35.7 197.2 ± 64.2 114.7 ± 18.8 79.7 ± 24.3

Birds 13.3 ± 3.9 30.3 ± 13.8 5.9 ± 1.0 6.8 ± 1.7

Bryophytes 1.8 ± 0.4 2.3 ± 0.5 1.1 ± 0.3 1.6 ± 0.5

Cnidarians 3.3 ± 1.1 2.9 ± 0.9 1.8 ± 0.7 1.7 ± 0.5

Fish 18.9 ± 2.0 22.3 ± 5.1 9.5 ± 1.8 6.7 ± 1.5

Fungi 13.5 ± 2.1 15.2 ± 8.1 13.5 ± 2.1 7.8 ± 5.4

Herptiles 5.0 ± 2.1 4.7 ± 2.0 0.8 ± 0.3 0.9 ± 0.4

Macroalgae/plankton 6.4 ± 2.0 7.6 ± 2.6 4.2 ± 1.3 5.2 ± 2.2

Mammals 11.1 ± 1.9 13.4 ± 2.7 6.4 ± 0.5 9.4 ± 1.7

Molluscs 19.5 ± 3.8 24.4 ± 7.8 11.7 ± 2.3 14.8 ± 3.7

Nematodes 2.2 ± 0.5 5.1 ± 2.3 1.2 ± 0.3 1.5 ± 0.6

Other chordates 0.5 ± 0.3 0.5 ± 0.2 0.5 ± 0.2 0.2 ± 0.1

Other invertebrates 0.2 ± 0.2 0.7 ± 0.4 0.2 ± 0.2 0.3 ± 0.1

Other micro-organisms 4.9 ± 0.7 4.6 ± 3.0 4.0 ± 0.6 0.5 ± 0.2

Platyhelminthes 3.0 ± 0.9 6.5 ± 3.2 1.1 ± 0.4 2.5 ± 1.0

Vascular plants 800.9 ± 133.4 718.8 ± 175.1 355.2 ± 70.8 268.4 ± 89.6

Lack of consistency in alien species databases
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and established aliens 123.63 ± 0.12% vs. 89.78 ± 0.10%,

paired t-test: t = 2.39, d.f. = 13, P = 0.033). However, the

two databases revealed a similar percentage of total species

classed as established (53.28 ± 0.05% vs. 45.47 ± 0.05%, for

DAISIE and NOBANIS, respectively, paired t-test: t = 2.36,

d.f. = 13, P = 0.103).

Consistency of trends across countries

Comparison of the trends across 13 European countries for

each taxonomic group revealed few significant relationships

between the data from DAISIE and NOBANIS (Table 3). For

the total number of alien species, five of 14 taxonomic groups

showed no significant relationship between the two databases.

Of those that were significantly associated, four had a slope

significantly different from one. Only four taxonomic groups

revealed a consistent relationship across countries between the

two databases with slopes equal to one and an intercept of 0:

‘Arthropods’, ‘Mammals’, ‘Platyhelminthes’ and ‘Herptiles’.

The disparity in data was more marked when only established

alien species were considered. For these data, eight of 14

taxonomic groups revealed no significant relationship across

countries between the two databases. The few that did show

such a relationship: ‘Annelids’, ‘Arthropods’, ‘Macroalgae/

Phytoplankton’, ‘Nematodes’, ‘Herptiles’ and ‘Vascular plants’

had slopes significantly less than one with most R2 values

under 0.50. As a result of these differences, considerable

variation was found in the extent to which patterns across

countries were correlated between different taxonomic groups

(see Appendix S1 in Supporting Information). Overall, com-

pared with DAISIE, data from NOBANIS revealed many more

significant correlations (P < 0.01) between taxonomic groups

for both the total number of aliens (45 vs. 29) and established

aliens (22 vs. 13).

Consistency and significance of explanatory models

Given the lack of consistency across the 13 countries in

numbers of alien species, it is not surprising that differences

would exist in the explanatory power of country area, human

population density and per capita GDP between the two

databases. In general, the explanatory power of these variables

was greater for DAISIE than NOBANIS with a larger number

of significant models derived from the underlying data

(Table 4). NOBANIS data were the basis for significant models

in at most only half of the taxonomic groups examined. In

several cases for particular taxonomic groups, where a

significant model was derived from data using one database,

no significant model was found with the other database. Where

significant models were found, marked differences were

observed in the importance of individual explanatory variables.

For total alien numbers, models for DAISIE tended to

emphasize the importance of human population density but

for NOBANIS the strongest explanatory variable was country

area. These differences were evident for established species as

well but in this case area increased in importance in the

DAISIE database. Only in the case of the total numbers of alien

‘Birds’ did the significant models identify the same set of

explanatory variables with both databases. The only other

consistent trends were for ‘Annelids’ where no significant

model was ever derived from either database.

DISCUSSION

It is of considerable concern that for the same geographical

region and across a wide range of taxonomic groups, the

richness of alien species, intertaxon correlations and potential

drivers of invasion are strongly database dependent. Further-

more, two databases are not entirely complementary in that

Table 3 Summary of regressions comparing the correspondence in data drawn from the NOBANIS and DAISIE databases for 14 taxonomic

groups. Separate analyses were undertaken for the number of total alien species and established alien species. Variables presented are the

slopes and intercepts with associated standard errors, the R2 and P value.

Taxonomic group

Total alien species Established alien species

Slope Intercept R2 P Slope Intercept R2 P

Annelids 2.19 ± 0.324 )2.85 ± 2.23 0.79 0.00 0.70 ± 0.13 0.12 ± 0.64 0.70 0.00

Arthropods 1.53 ± 0.28 )113.82 ± 67.43 0.70 0.00 0.53 ± 0.17 72.21 ± 19.65 0.43 0.01

Birds 3.01 ± 0.56 )9.78 ± 10.57 0.70 0.00 0.29 ± 0.16 3.87 ± 1.43 0.16 0.10

Bryophytes 0.44 ± 0.44 1.53 ± 0.95 0.00 0.34 0.29 ± 0.16 0.61 ± 0.39 0.15 0.10

Cnidarians 0.54 ± 0.16 1.15 ± 0.83 0.45 0.01 0.67 ± 0.36 0.63 ± 0.91 0.17 0.09

Fish 1.23 ± 0.66 )0.84 ± 13.31 0.17 0.09 )0.17 ± 0.36 10.68 ± 3.04 0.07 0.65

Fungi 0.93 ± 1.14 2.62 ± 17.41 0.03 0.43 0.07 ± 0.11 12.95 ± 2.30 0.06 0.57

Herptiles 0.86 ± 0.14 0.42 ± 1.18 0.76 0.00 0.43 ± 0.14 0.37 ± 0.24 0.40 0.01

Macroalgae/Phytoplankton 0.57 ± 0.35 4.01 ± 3.33 0.11 0.14 0.36 ± 0.15 2.33 ± 1.39 0.29 0.04

Mammals 1.04 ± 0.27 1.90 ± 3.51 0.53 0.00 0.14 ± 0.07 5.09 ± 0.82 0.17 0.09

Molluscs 1.74 ± 0.34 )9.56 ± 7.90 0.68 0.00 0.33 ± 0.16 6.83 ± 3.18 0.21 0.07

Nematodes 3.91 ± 0.63 )3.34 ± 1.77 0.76 0.00 0.30 ± 0.12 0.70 ± 0.30 0.29 0.03

Platyhelminthes 2.36 ± 0.75 )0.63 ± 3.28 0.43 0.01 0.19 ± 0.11 0.61 ± 0.46 0.14 0.12

Vascular plants 0.10 ± 0.40 636.71 ± 364.86 0.08 0.80 0.50 ± 0.19 221.26 ± 75.76 0.35 0.02

P. E. Hulme and C. Weser
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while DAISIE may often have fewer species per country, these

are not a simple subset of those found in NOBANIS but can

include additional species. The most likely cause of these

discrepancies is differences between databases in their under-

lying information sources, taxonomic expertize and interpre-

tation of standard definitions such as what criteria distinguish

an established alien species. Differences were more marked for

total numbers of aliens than for established aliens, indicating

that casual, incidental or unspecified species are less easy to

define objectively. Distinguishing between those species that

depend on repeated introductions from those that are actually

established may only become apparent when further intro-

duction ceases, such as in the case of wool aliens (species

introduced on sheep fleeces) on the Tweed River in Scotland

(Silvertown, 2005).

Although each database has used similar definitions of

species status, what may be less obvious from the databases is

that DAISIE, where possible, restricts most of its taxonomic

content to species known to have been introduced after

1500AD (DAISIE, 2009). It appears NOBANIS does not apply

a similar cut-off (Weidema, 2000), and this would certainly

explain higher numbers of aliens in NOBANIS. The exceptions

are data for higher plants where often the history of

introduction is unknown, and it may be impossible to separate

species introduced prior to or after this date (Lambdon et al.,

2008). For over half of the countries examined in this study

(Denmark, Finland, Iceland, Ireland, Latvia, Norway, Sweden),

data from DAISIE could not be separated into archaeophyte

(introduced before 1500AD) or neophyte (introduced after

1500AD) components, while a further three countries (Austria,

Belgium, Poland) comprised only data for neophytes (Lamb-

don et al., 2008). This heterogeneity is also evident in

NOBANIS with no distinction between neophytes and archae-

ophytes. However, while this should mean data on vascular

plants are more similar between databases, they still reveal

significant differences across all comparisons whether for total

Table 4 Mimimum adequate models for the explanatory power of land area (km2), human population density (people per km2) and per

capita GDP (Purchasing Power Parity US$) on the total number and number of established alien species in 13 European countries for each of

14 taxonomic groups. Standardized regression coefficients of the minimum adequate models derived by multiple regression using backward

selection are presented along with R2 and P values.

Taxonomic group

DAISIE NOBANIS

Area Population GDP pc R2 P Area Population GDP pc R2 P

Total aliens

Annelids 0.41 0.09 0.162 0.49 0.47 0.27 0.090

Arthropods 0.37 0.76 0.55 0.007 0.33 0.03 0.280

Birds 0.43 0.66 0.44 0.023 0.54 0.50 0.35 0.047

Bryophytes 0.59 0.29 0.034 0.71 0.45 0.007

Cnidarians 0.59 0.29 0.032 0.68 0.41 0.011

Fish 0.36 0.05 0.229 0.45 0.13 0.120

Fungi 0.72 0.50 0.013 )0.12 0.08 0.701

Herptiles 0.70 0.45 0.007 0.54 0.56 0.41 0.029

Macroalgae/Phytoplankton 0.56 0.25 0.046 0.63 0.34 0.021

Mammals 0.43 0.61 0.37 0.039 0.75 0.36 0.54 0.008

Molluscs 0.61 0.32 0.026 0.45 0.13 0.123

Nematodes 0.63 0.35 0.020 0.41 0.09 0.164

Platyhelminthes 0.40 0.08 0.181 0.53 0.51 0.34 0.049

Vascular plants 0.67 0.39 0.013 0.15 )0.07 0.615

Established aliens

Annelids 0.40 0.09 0.174 0.38 0.07 0.203

Arthropods 0.66 0.39 0.014 0.19 0.05 0.535

Birds 0.47 0.85 0.79 0.000 0.65 0.37 0.016

Bryophytes 0.49 0.18 0.086 0.68 0.41 0.011

Cnidarians 0.31 0.02 0.299 0.67 0.40 0.012

Fish )0.52 0.21 0.067 0.28 0.01 0.360

Fungi 0.40 0.72 0.50 0.013 0.18 0.05 0.548

Herptiles 0.66 0.38 0.015 0.20 0.05 0.518

Macroalgae/Phytoplankton 0.61 0.32 0.026 0.74 0.51 0.004

Mammals 0.56 0.57 0.45 0.020 0.63 0.48 0.74 0.000

Molluscs 0.59 0.58 0.50 0.013 0.59 0.29 0.032

Nematodes 0.45 0.13 0.124 )0.33 0.03 0.275

Platyhelminths 0.56 0.25 0.047 0.30 0.01 0.318

Vascular plants 0.56 0.26 0.045 0.44 0.13 0.128

Lack of consistency in alien species databases
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numbers of aliens or only established aliens. It is conceivable

that underlying data sources differ between the two databases

and these may apply different treatments of alien/native species

status, particularly in the light of new information such as

palaeoecological records. In both databases, the occurrence of a

species and its status were backed up by a referenced literature

source, a link to a database or the name of a contributor.

However, online the referencing appeared more comprehen-

sive in NOBANIS than in DAISIE, although in both databases

there were records that had no such reference source. The

provision of reference sources online would seem to be

essential for quality control and data comparison, and both

NOBANIS and DAISIE could improve this aspect of their data

presentation.

While taxonomic expertise might differ in DAISIE and

NOBANIS, greater similarity would be expected for well-

studied taxonomic groups such as mammals and birds. Given

that these two groups, nevertheless, show distinct differences

between the two databases, it appears taxonomy might not be

the driving force behind the dissimilarities. Rather, there exist

quite clear differences in data interpretation and source

material. For example, feral mammals such as the rabbit

Oryctolagus cuniculus and the mouflon Ovis ammon are

believed to have been introduced to Austria in the Middle

Ages prior to the thirteenth century (Long, 2003). Such taxa

are not included in DAISIE, but in NOBANIS introduction

dates are stated as 1673 and 1910, respectively. This dis-

crepancy leads DAISIE to record fewer mammals and this

difference would persist even if both NOBANIS and DAISIE

used the same 1500 AD cut-off for species selection. Other

differences exist in the status assigned to species. For birds in

Austria, DAISIE records the greylag goose Anser anser and the

rock pigeon Columba livia as established aliens, whereas

NOBANIS has no records for these species. The IUCN red list

records these species as native to Austria (IUCN, 2010) and

thus supports the NOBANIS interpretation. In contrast,

NOBANIS records the mute swan Cygnus olor and ring-necked

parakeet Psittacula krameri as established aliens in Austria, but

DAISIE does not. The IUCN red list indicates the former is

likely native to Austria, while the latter is regionally extinct,

this time in support of the DAISIE interpretation. This is not

to state that the IUCN database is more accurate in its

interpretations than either DAISIE or NOBANIS; indeed, for

alien species, we might expect it to be less accurate because it

does not specialize in corroborating recent information on

alien/native species status. The key issue here is that DAISIE

and NOBANIS treat species in different ways. Furthermore,

caution should be heeded when attempting to use other

datasets to compare NOBANIS and DAISIE because their

independence is unknown and such data could have been used

as possible information sources. Most international databases

on alien species draw on information from each other and are

rarely independent. For example, the Global Invasive Species

Information Network (http://www.gisinetwork.org/) draws the

majority of its European data from DAISIE, even for those

countries also covered by NOBANIS.

How much confidence can be placed in current knowledge

of aliens in Europe under such circumstances? DAISIE has

produced several landmark papers addressing economic and

environmental correlates of alien species richness across

Europe (Chiron et al., 2009; Pyšek et al., 2010a; Essl et al.,

2011) but could these interpretations be flawed? The under-

lying data supporting these analyses have received considerable

scrutiny and peer review (e.g. Desprez-Loustau et al., 2007;

Lambdon et al., 2008; Chiron et al., 2010; Pyšek et al., 2010b)

and are explicit in their definition of aliens introduced into one

or more European countries after 1500 AD. The analyses

presented in this study indicate that models based on DAISIE

data appear more robust and support a human component to

alien species richness rather than a passive sampling effect

attributed to country area. Thus, it is hoped the findings based

on DAISIE are robust and repeatable. What is clear is, if the

cut-off date of 1500 AD is relaxed, it is quite possible that

conclusions could change regarding the relative importance of

different socioeconomic drivers of invasions. This would be

expected because the longer the time period over which

invasions are considered, the less likely they are to correlate

with current socioeconomic drivers (Perrings, 2010).

With the information available, it is impossible to assess

whether NOBANIS or DAISIE provides a better representation

of alien species across the countries concerned. Nevertheless,

the sheer scale of the two databases means that both are likely to

contain errors and suffer from the subjectivity of defining alien

status. It is also unwise to assume that the total number of

records in a database necessarily correlates with its compre-

hensiveness or accuracy. Resolution of these differences will

only be possible by working towards a common agreed set of

species for each country. Such a process will not be a simple

matter of integrating databases but will require agreement,

based on objective criteria, regarding which species to accept or

reject into the common database. A key finding of this study is

of wider relevance; datasets are likely to be far more consistent

within than between individual databases. Thus, analyses using

only DAISIE or NOBANIS data are likely to be robust as long as

interpretation accounts for the reliability of data sources,

taxonomic treatments and definitions. Problems are much

more likely to arise where different databases are combined

without any a priori assessment of underlying biases and

assumptions. Thus, caution should be expressed at analyses that

draw conclusions from heterogeneous data sources (e.g. EEA,

2010). A logical step is to centralize data capture and

interpretation as much as possible rather than encouraging

multiple independent country-based initiatives that are then

pooled across a wider region. This certainly seems to be the best

way forward in Europe where a single body with responsibility

for data gathering, analysis and reporting of alien species

information would be a logical development (Hulme et al.,

2009c). The advantages of a centralized system are that it is cost

effective, both in terms of hardware and technical support, as

well as ensuring a consistent level of quality control and

standardization. Critics of a centralized approach suggest this

would limit opportunities for alternative web-based databases
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and prevent multiple sources of evidence that could help assess

the robustness of general trends. However, scientists often fail

to agree on alien numbers in even a single region, let alone

across continents (e.g. Zenetos, 2010), and unless there is a

central mechanism to bring consensus, mixed messages are sure

to ensue. This is especially the case where policymakers seek

headline indicators without querying the underlying data

which, as this paper highlights, can be a considerable challenge.

Alternative approaches include federated networks of distrib-

uted information sources but these will tend to be more costly

to run because of multiple hardware and technical investment,

the need to support the interoperability of constituent

databases and and audit costs relating to the quality, reliability

as well as longevity of the constituent data nodes.

At a global scale, such centralization is a much greater

challenge but even more important. Increasing calls for a

global information network on alien species (Simpson et al.,

2006; Lee et al., 2008; Magarey et al., 2009; Vignon & Sasal,

2010) often forget that databases work best when they are

designed to target the specific needs of regulatory and

legislative institutions responsible for addressing threats to

the environment, human health or the economy (Hulme et al.,

2009d). While few might argue against the value of a global

database of invasive alien species, it is the opinion of the

authors that it must be associated with an international body

with the responsibilities as well as resources to manage

biological invasions worldwide. In the absence of such a

comprehensive database, care must be taken when mining the

numerous online databases that address alien species because

the challenges identified in the current study for Europe are

likely to be more severe at a global scale.
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