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Abstract

The field of ecoinformatics provides concepts, methods and standards to guide

management and analysis of ecological data with particular emphasis on

exploration of co-occurrences of organisms and their linkage to environmental

conditions and taxon attributes. In this editorial, introducing the Special

Feature ‘Ecoinformatics and global change’, we reflect on the development of

ecoinformatics and explore its importance for future global change research

with special focus on vegetation-plot data. We show how papers in this Special

Feature illustrate important directions and approaches in this emerging field.

We suggest that ecoinformatics has the potential to make profound contribu-

tions to pure and applied sciences, and that the analyses, databases, meta-

databases, data exchange formats and analytical tools presented in this Special

Feature advance this approach to vegetation science and illustrate and address

important open questions. We conclude by describing important future direc-

tions for the development of the field including incentives for data sharing,

creation of tools for more robust statistical analysis, utilities for integration of

data that conform to divergent taxonomic standards, and databases that

provide detailed plot-specific data so as to allow users to find and access data

appropriate to their research needs.

Introduction

Human-induced global change might have an unprece-

dentedly strong negative impact on the biodiversity of the

earth. Vitousek (1994) identified increased atmospheric

CO2, alteration of the biogeochemistry of the global

nitrogen cycle and ongoing land-use and land-cover

changes as the most important causes. Sala et al. (2000)

agreed, adding climate change and biotic exchange to the

list. While we have good data for the physical-chemical

drivers of global change (i.e., climate change, nitrogen

deposition, acid rain, increased CO2), and the knowledge

of current land use and its changes is reasonable at the

global scale, quantitative data on the current state of

biodiversity, its trends, and the way it is influenced by

the different components of global change and their

interactions (including biotic exchanges) are difficult to

obtain. Despite the fact that some industrialised countries

have set up elaborate biodiversity monitoring schemes

during recent years (e.g. BDM in Switzerland, Hinter-

mann et al. 2000), comparable data from the past are

missing. At the global scale, data coverage is even more

sparse, and analysing available data is hampered by a

multitude of underlying sampling approaches and data-

quality issues. Here ecoinformatics (i.e., the science of

storing, retrieving and integrating ecological datasets;

including biodiversity informatics) could provide impor-

tant tools for collecting biodiversity and ecological data

from many different sources and combining and analys-

ing them in order to efficiently detect, understand, fore-

cast and ultimately counteract changes of biodiversity

(e.g. Bisby 2000; Canhos et al. 2004; Soberón & Peterson
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2004; Jones et al. 2006; Bekker et al. 2007; Guralnick &

Hill 2009; Recknagel 2011).

This Special Feature of the Journal of Vegetation Science

contains contributions from the 9th International Meeting

on Vegetation Databases held 24–26 February 2010 in

Hamburg, Germany. Meetings on Vegetation Databases

have been organised by the German Working Group on

Vegetation Databases (now a Section within the German

Network for Phytodiversity – NetPhyD) since 2002. With

a focus on Vegetation databases and climate change, the

conference in Hamburg, which was co-organised by the

IAVS Working Group for Ecoinformatics, attracted 142

participants from 28 countries. It was the largest and most

international within this series, and one of the largest

ecoinformatics conferences ever held (for a detailed re-

port, see Ewald et al. 2010).

In this Special Feature we present 14 selected papers

from the Hamburg meeting, which cover a wide range of

topics relevant to ecoinformatics, from databases and

software tools through analytical and modelling ap-

proaches to applications, all with specific focus on vegeta-

tion data. A companion Special Volume from the

conference under the title Vegetation databases for the 21st

century will appear in Biodiversity & Ecology, comprising

mainly Database Reports that describe the wealth of exist-

ing vegetation databases worldwide and their applications

(Dengler et al. in press).

History of Ecoinformatics

‘Ecoinformatics’ as a term and subfield of ecology first

emerged from the biodiversity informatics initiatives of the

U.S. Long-term Ecological Research Network (LTER) and

the U.S. National Center for Ecological Analysis and Synth-

esis (NCEAS) in the late 1990s and early 2000s (Kareiva

2001; Brunt et al. 2002). The term was preceded by

‘biodiversity informatics’, which has been in use since

1992 and gained prominence with Bisby’s much-cited

article of 2000. Biodiversity informatics and ecoinformatics

are largely overlapping fields, the first giving somewhat

more emphasis to the taxonomic position of the analysed

species, the second more to interactions among taxa and

between taxa and with their abiotic environment. Each

discipline now has its own journal: Biodiversity Informatics

started in 2004 and Ecological Informatics in 2006.

The International Association for Vegetation Science

(IAVS) and its Journal of Vegetation Science have been a

driving force in the development of ecoinformatics. Ecoin-

formatics was introduced to IAVS through a lecture on

‘Ecoinformatics and the future of community ecology’ by

R.K. Peet in 2003. IAVS established a Working Group for

Ecoinformatics at its 2003 annual meeting, and symposia

on the topic were held at its annual meetings in Kona,

Hawaii in 2004 and Lisbon in 2005 (see the Special Feature

by Bekker et al. 2007). The Journal of Vegetation Science has

also published some highly-cited descriptions of major

tools in ecoinformatics for vegetation scientists, in particu-

lar the computer programmes TURBOVEG (Hennekens &

Schaminée 2001) for storage of vegetation-plots and JUICE

(Tichý 2002) for analysing them.

Contributions in this Special Feature

Ecoinformatics is an essential prerequisite for both retro-

spective and predictive global change research. In order to

detect changes in species composition and vegetation

structure, monitoring data have to be collected, archived

and distributed in ways that allow relocation of plots,

repeated sampling of comparable data and statistical ana-

lysis. Generalisation of temporal trends and their spatial

patterns relies on large systems of permanent plots and on

the joint analysis of numerous time series. Ecoinformatics

tools like data exchange standards (Wiser et al. 2011) and

networks of data resources (Dengler et al. 2011; Janßen

et al. 2011; Lopez-Gonzalez et al. 2011) are indispensable

if we are to move from a mere qualitative review of case

studies to broad-scale, data-driven meta-analysis.

Research on climate change includes not only efforts to

detect its effects, but also predictive modelling in which

ecoinformatics provides data on environmental condi-

tions and species distributions. Modelling approaches

strongly depend on the availability of recent, accurate

and comprehensive data. Assessing the impact of global

change boosted the development of adequate models but

relevant biological input data are still sparse. Georefer-

enced point or grid data, however, can be related to a

wealth of climatic variables in such models. In doing so,

the origin and limitations of model-derived climate data

and their resolution relative to fine-scale climatic gradi-

ents, as exist in mountainous terrain, have to be borne in

mind (e.g. Randin et al. 2009).

Detailed climate scenarios are now easier to obtain

than comprehensive species distribution data. This diffi-

culty explains the continued popularity of Atlas Florae

Europaeae data (http://www.luomus.fi/english/botany/

afe/index.htm), despite their low spatial resolution and

incomplete coverage of plant families. The current focus

of biodiversity informatics is on data in natural history

collections, which have been shown to be less effective in

providing high-resolution species occurrence data than

ecological observations such as those from vegetation-

plot data (Garcillán & Ezcurra 2011). Comprehensive,

nationwide plot databases give countries like Switzerland,

New Zealand, the Netherlands and the Czech Republic a

competitive edge in vegetation and global change re-

search. Most parts of the world still lack comprehensive
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vegetation databases, and supranational initiatives like

the Nordic Vegetation Survey (Lawesson et al. 1997) or

SynBioSys Europe (Schaminée et al. 2007) are not yet

fully developed or sufficiently funded. The fact that devel-

opment and distribution of comprehensive plot data sys-

tems are not yet a major funding priority in most counties

suggests that while global change research is often well

funded, investments into the capture and delivery of

biodiversity data tend to be disproportionately small.

As with species data, the availability of certain environ-

mental variables lags behind that of climate data. For

example, soil properties are rarely used in large-scale

species distribution modelling (but see Coudon & Gégout

2006; Pompe et al. 2008, 2010), not because they are

unimportant, but because they are difficult to obtain at

high resolution over large extents. The generation of

comprehensive predictor sets and linkage of them to

species distribution data are important aspects of ecoinfor-

matics, as demonstrated by Wamelink et al. (2011),

Mellert et al. (2011) and Falk & Mellert (2011) in this

issue. In turn, vegetation responses may guide the identi-

fication of the most meaningful, parsimonious aggrega-

tion of predictor variables where we are faced with an

overabundance of environmental data (Reger et al. 2011).

Correlations between species composition and the envir-

onment in databases that comprise both types of informa-

tion for a large number of plots can be used for novel,

advanced modes of interpolation. Ohmann et al. (2011)

use species-environment relationships in calibration data

to predictively map complex vegetation patterns across

large areas. Wamelink et al. (2011) use a similar logic to

provide estimates of the abiotic conditions that can be

tolerated by community types, thus providing crucial

information on the susceptibility of protected habitat

types to changing environments (Bittner et al. 2011).

In the Special Feature we have arranged the contribu-

tions into five broad topics, starting with an overview of

available databases (Dengler et al. 2011), followed by

software tools for databasing and data exchange (Janßen

et al. 2011; Lopez-Gonzalez et al. 2011; Wiser et al. 2011),

species distribution modelling (Falk & Mellert 2011;

Mellert et al. 2011; Rupprecht et al. 2011), and modelling

and mapping of plant communities (Ohmann et al. 2011;

Reger et al. 2011; Rocchini et al. 2011). The final four

papers address different issues of the effects of global

change on vegetation (Bittner et al. 2011; Czúcz et al.

2011; Voss et al. 2011; Wamelink et al. 2011).

Outlook

Bioinformatics has been the focus of much research

activity, funding and publication over the last 15 years,

but has also become progressively more equated with

applying informatics approaches to molecular data.

Although really part of bioinformatics in the true sense

of the term (Jones et al. 2006), ecoinformatics has thus far

gained only limited visibility. With this Special Feature,

we show that the potential of ecoinformatics is much

higher than reflected in the current literature. While

species occurrence data have received considerable atten-

tion and are widely available through large databases

such as the Global Biodiversity Information Facility

(GBIF; see Wheeler 2004), plot-scale co-occurrence data

have received less attention, yet are critically important

for understanding the structure of ecological communities

and predicting their future change. The amount of in-

formation stored in co-occurrence databases is enormous,

and with the combined information on species that co-

occur at specific locations, site-specific environmental

data and structural data, vegetation-plot databases pre-

sent analytical opportunities that go far beyond those

provided by simple occurrence data (Dengler et al. 2011).

To make full use of the available data, further steps are

necessary. Here, the development of Veg-X (Wiser et al.

2011) is particularly promising as it provides a data ex-

change standard that facilitates the exchange of complex

vegetation-plot data between databases of different struc-

ture and their integration into large data archives such as

GBIF, and in addition allows analytical tools and systems to

exploit a much broader array of data. Beyond this, we

particularly see the following needs for the years ahead:

� More incentives to digitize and share existing data (e.g.

Dengler et al. 2011; Janßen et al. 2011).

� Better tools to account for the typical, non-random

sampling of vegetation-plot data by resampling the data-

base (e.g. Knollová et al. 2005) or by imputing missing

values (e.g. Ohmann et al. 2011), while keeping in mind

that there is no a single correct random sampling scheme,

but that the adequacy of a distribution of plots strongly

depends on the question on hand (Albert et al. 2010).

� An infrastructure for merging datasets where taxon

names derive from different sources as applied by differ-

ent workers at different times. The ambiguity associated

with one taxon name being applied to multiple taxon

concepts (interpretations of a taxon, as in the sets of

specimens that various authors would assign to it), and

one taxon concept having multiple possible names, makes

data integration complex at best (see Franz et al. 2008;

Jansen & Dengler 2010; Patterson et al. 2010), and for

large-scale data integration nearly impossible without

such an infrastructure.

� A public database that goes beyond the Global Index of

Vegetation-Plot Databases (GIVD; Dengler et al. 2011) in

providing access to descriptive information about indivi-

dual plots so that relevant plots can be identified, re-

quested and acquired from appropriate archives.
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Already today ecoinformatics can contribute substan-

tially to the global change debate as it allows ‘making

informed decisions on conservation of biodiversity and

sustainable environments’ (Recknagel 2011), but by using

the tools presented in this Special Feature and addressing

the issues mentioned, it has the potential to considerably

increase its impact and importance. We can look forward to

a time in the near future when ecoinformatics will prob-

ably be as central and influential for pure and applied

science as the other subdisciplines of bioinformatics.
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Szabó, R., Horváth, F. & Molnár, Z. 2011. An indicator

framework for climatic adaptive capacity of natural

ecosystems. Journal of Vegetation Science 22: 711–725.
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