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"An 'expert system' approach to development of decision tools for use
in maintenance of invertebrate biodiversity inforests"
Martin Speight
National Parks &Wildlife. Ireland

Introduction

There may be as mauy as 50,000 invedebrate species occurring in Europe's
forests. Whatever the exact figure might be, it is a daunting number, and
biodiversity is a holistic concept, embracing all living components of the
ecosystem an{ in the present context, all of Europe's forest invertebrate
species. Nonetheless, it is unrealistic to imagine some approach to handling
this wealth of organisms that would deal with them all, at this point in time.
Attention inevitably turns to ways of using subsets of the faunq in order to
make some sort of progress. Many and varied are the approaches that have
been adopted, but between them they offer little encouragement that they can
provide answers to biodiversity issues NOW, or that they could evolve into
predictive tools, allowing us to recognise forestry management decisions with
potentially disastrous consequences to biodiversity or what we might expect to
achieve by proactive biodiversity- management. Attempts made to apply
ecological theory to the problem are particularly disheartening. The tendency
for ecologists to inhabit separate conceptual universes, untroubled by each
other's conflicting paradigms, is well argued by Austin et al (1999).

One approach that does offer both rapid application and a diagnostic i.e.
predictive capability in respect of invertebrates is the "expert system". Based
on computerisation of available data about the individual species of particular
taxonomic goups and taking macrohabitat, microhabitat of developmental
stages, various haits and distributional data categories as variables, the expert
system approach leads to compilation of databases that can be interrogated in
various ways. Codification of species traits has a long and respectable history
in ecology, as shown by Stat"ner et al (2001). But codification of macrohabitat
and microhabitat data is a more novel development. The particular advantage
of an expert system is clear from its Oxford English Dictionary definition: "a
computer prograûrme into which has been incorporated the knowledge of
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experts on a particular subject so that non-experts can use it for making
decisions, evaluations or inferences". lnformation on various aquatic groups of

. invertebrates has been databased, prompted by use of invertebrates in water
quality assessment (e.g. Sladecek, 1973), and various çplications of these
databases have subsequently been developed (see, for example, Chessman and
Royal, 2004; Statrner et al, 1997; Usseglio-Polatera et al, 2000). The AQEM
system now covers more than 9000 species of European invertebrate (I{ering
et al, 2004). The more terrestrial organisms have so far received less attention,
though there are published databases available for 200 of Europe's gastropod
species (Falkner et al,200l) and 600 European species ofhoverfly (Speight et
al,2O03).

Database anâtomy

Digitisation of species' attributes is achieved by use of fuzzy coding (Castella
and Speight, 1996), which allows registration of a number of different states of
each attribute. In the syrphid and gastropod databases the different states are
coded 3, 2, I or blank (0). A coding of 3 indicates a mæ(imum degree of
association between attribute and species. A coding of 2 indicates that
association between this species and this attribute is predicted, while I
indicates that association is not predicted but can occur under particular
conditions. A blank indicates no association between attribute and species.
Using this simple system, and generally available software, diverse
information pertaining to hundreds of species of invertebrates can easily be
both stored and used, creating a situation quite different from that even 20
yerus ago. The off-putting problem of how to handle the sheer numbers of
invertebrate species has gone, to be replaced by problems of which taxonomic
groups to digitise, how to gather the available data, what array of attributes to
code, etc. All of the species representative of the taxonomic groups chosen can
be digitised, since, logistically, there is no need to confrne affention to
particular subgroups, like threatened species. Choice of taxonomic groups to
use is largely dictated by requirements intrinsic to the expert system approach
itse[ and relevant criteria can be listed.

Criteria for selection of taxonomic groups

The overall objective of the selection procedure should be to put together a
resource of taxonomic groups that between them provide data for all habitats
and all stuctural components of habitats, while ensuring inclusion of plant
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feeders, predators and decomposers among the groups chosen. Coverage ofa
notional 5%o of the European forest fauna would require data for some 2,500
species. Existing information sources are not immediately obvious, since
publications providing the basic data required are rarely referred to in
absfaction journals, being mostly located in secalled naturalist or "annateur"
journals. Further, specialists in particular taxonomic groups carry in their
heads much relevant information that has never been published and its
availability can only be recognised through personal contact. One example of a
taxonomic group for which an abundance of information exists, but cannot be
used effectively because databasing has not been carried out, is the butterflies
(Lepidoptera: Rhopalocera). That biodiversity related work on butterflies could
benefit from better availability of predictive systems is obvious (see, for
example, Bergman et al,2O04; Tudor et al,20O4). Limited use has been made
of traits coded for part of the European butterfly fauna (Shreeve et a\,2001),
but the database involved is not published.

t. A primary criterion is that the information available about the species of a
taxonomic group under consideration should be suflicient to characterise their
macrohabitat associations and their microhabitat associations, for digitisation.

2. Less th?n 5yo of the genera should pose significant identilication problems
and the taxonomic literature should be readily accessible, even ifscattered-

3. Reliable on-site sampling techniques should be available and open to
standardisation.

4. Sampling should be effective within short periods, using generally
available equipment that does not require daily site visits or direct involvement
of experts in sample collection.

5. Processing of samples should be undemanding in terms of labour and
facilities.

Availability of data on microhabitat of developmental stages is of significance
because developmental stages are rarely accessible to survey, which is thus
normally based on adults. Coded microhabitat data links the adults to the
habitat components in which they develop. Lack of coded microhabitat data
limits the value of biodiversity-related publications on some actively-mobile
groups ofinvertebrates, such as ground beetles (Coleoptera: Carabidae, see, for
example Koivula and Niemel4 2003), since without it there is no clear basis
for deciding which species developed where they were trapped as adults.
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The inclusion of criteria relating to field survey derives from the potential of
these databases to be used for comparison between predicted and observed
faunas. There is little virtue in selecting for databasing taxonomic groups foi
which no reliable sampling methodology exists, or that require prolonged field
campaigns and daily presence of field workers - the logistic support required
for use of such groups on any scale is unlikely to be forthcoming, in terms of
either manpower or finance.

Expert system application in biodiversity maintenance

Linking, as it does, the names of the species with the macrohabitats and
microhabitats with which they can be expected to occur, this type of database
reconstructs, within the computer, a model, albeit rather crude and
approximate, of the ecosystem. The model is of necessigr approximate, being
based on use of the categories employed in systems like CorineÆunis
(Devillers et al, l99l) as proxies for actual macrohabitats, and on use of
structural components of the ecosystem as proxies'for microhabitats. It is
through this form of ecosystan modelling that this type of database gains its
predictive power. Axd it is its predictive power that makes it a particularly
valuable tool in endeavours to maintain biodiversity of forest invertebrates. At
their simplest, biodiversity maintenance issues boil down to deciding what role
a given piece of land should play in maintaining biodiversity and how this is to
be accomplished. Deciding what role it should play is a multifaceted process,
but ultimately depends on some form of site quality assessment. From a
knowledge of which habitats are available, or in question, this type of database
can be used to predict and compare the potential invertebrate biodiversity of
different forest habitats, occurring in combination or separately. Augmented by
invertebrate site survey data it can be used to compare the expected and
observed faunas of a fcirest. The capacity to facilitate this sort of comparison is
probably one of the most generally useful attributes of this type of database,
since the coupled microhabitat information helps to identi$ which stucrural
components of a forest are 'lmderperforming" in respect of biodiversity
maintenance and that, in turn, indicates where changes to management
practices could be beneficial. An example, involving use of the syrphid
database (Speight et al, 2003) is provided by Goeldlin et al (2003). T\e
procedrue employed combines use of the database and field survey datâ.
Essentially, the databased information is fust filtered in various ways, to derive
a list of thè species predicted to occur in the habitats observed in the target
forest, in the pafi of Europe that the target forest is located. Comparison
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between the predicted and observed species lists for that forest is then used to
establish how well the predicted fauna of the different habitats in that forest is
represented. A habitat whose fauna is poorly represented (either in comparison
with the fauna of other habitats present, or in comparison with a pre-
determined set of target values) may then be further investigated, by
comparison between expected and observed faunal occupancy levels of
different microhabitaVstructural features. Figure I shows the results achieved
in respect of the same structural features in two very different European forests
with very different histories. The Monhicher forests data are derived from
Goeldlin et al (2003), the Bosco della Fontana material from Mason et al
(2002} Faunal occupancy levels are generally closer to the expected in the
case of Montricher than in Bosco della Fontana" reflecting both management
history and degree of isolation of the fwo forests: see Neet et al (2003) and
Mason (2002), respectively.

Rdidgté|*

Fig.l: Observed faunal occupancy levels for Syrphidae (Diptera), for four structural features
(foliage, rot-holes, shrmps and rotting uee roots) of.particular forest habitat types in two
contrasting forests, Montricher, in the Swiss Jura and Bosco della Fontana, on the ancient
flood plain of the RPo, in ltaly.
Grey columns: Moutricher, Fagus/Picea forest
Black colurnns: Bosco della Fontan4 Catpinus/Quercas forest
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The comparative under-representation of species associated with microhabitats
dependent upon old, living trees (such as rot-holes) has led to designation ofparts
of the Montricher forests as iueas where trees will henceforth remain rnrharveste4
so that they may grow old and die in situ. In Bosco della Fontana management
techniques to augment resources of various forest microhabitats identified as
wtder-rçresented have been both developed and put in place (Mason, 2003),
especially in respect of structural features that support saproxylic organisms
(Cavalli and Mason, 2003).

The above is but one, rather basic, example of application of invertebrate
information transposed into an "expert system" database. For terrestrial taxonomic
groups, databases ofthis type have been available for less than l0 years and the
range of ways in which they are being applied to biodiversity maintenance issues
continues to expand as does the number of cormtries in which they are employed.
It is apparurt that they have application at national and intemational levels, as well
as at site level (see Speight and Good, 2003; Speight,2004). But their very novelty
dictates that little is yet published on their use, their existence is not widely known
and their potential is as yet inadequately explored- Experience to-date suggests that
such a database can operate as an expert system at two levels. Firstly, it can bring
all specialists in a taxonomic group covered by the database to the same level of
knowledge, while simultaneously providing them with a standardised tool for their
use and helping to keep them upto-date with advances in knowledge of that
taxonomic group (the content of the syrphid database, for instance, is arurually
updated). Secondly, it can provide a tool that can be operated by people who are
not specialists in the taxonomic groups covered by the database.

It has often been said that, in Europe, it is difficult to frnd habitats anywhere below
2000m that have not been modified by human influence. Use of the type of
database described here gives a more precise interpretation of the scale of that
impact and how management of land in man's interests causes that impact. An
inescapable conclusion of its use is that, in forests commercially managed for
production of a timber crop, only a reduced invertebrate fauna can be expected to
survive. It is difficult to see how maintenance of Europe's biodiversity of forest
invertebrates can be achieved within the minute fraction of Eruope's forests that are
now protected. But, if biodiversity maintenance measures have to be extended into
commercial forests, use of this type of database demonstrates that it is not
biodiversity maintenance that is required there, but biodiversity restoration. With
time, some impact can be made on this problem simply by cessation of certain
forest management practices (see, for instance. Ranius and Kindvall, 2004). But
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there is no indication that the necessary r€sourc€s of man-power, finance and
expertise woutd, or coul4 be made available to introducæ pro-active m@tagement
measures (such as many of those developed by Cavalli and Mason, 2003) aimed
specifi cally at biodiversity restoration.

Acknowledgements
I am most grateful to Emmanuel Castella (University of Geneva) for helpfrrl
discussion of this text, during course of its development. I would also like to
express my appreciation to Eladio Femândez-Galiano (Nahral Heritage and
Biological Diversity Division, Council of Europe) for the opportunity to participate
in the Krakow symposium and to Hélene Bouguessa (Natural Heritage and
Biological Diversity Division; Courcil of Europe), who patiently dealt with my
string of çeries.

References
Austin, M.P. (1999) A silent clash of paradiems: some inconsistencies in community

ecolory. Oikos, E6:. U0-178.
Bergman, K.-O., Askling J., Ekberg, O., Ingell" H., Wablman, H. & Milberg, P. (2004)

Landscape effects on butterfly assemllages in an agriculhual region. Ecography,
27:619-628.

Castella, E. & Speight, M.C.D. (1996) Knowledge representation using fuz4y-coded
variables: an example with Syrphidae (Diptera) and the assessmetrt of riverine
wetlands. Ecol ogical Mdelling, 85l. 13- 25.

Cavalli, R & tv{ason, F. (e&) (2003) Tecbniques for re,e$ablisbment of dead uood for
saprorylic fanna conservation" Rqporti Scientifci 2, Centro pr Io Smdio e la
Consen æiorc della Bidivercita Fo'estale, Verona l05pp. Gianluigi Æcari, IMmtova-

Chessman. B.C. & Royal, M.J. (20M) Bioassessmeût without reference sites: use of
environmental filters to predict natural assemblages of river macroinvertebrates.
J. N.Am. Bent hol. S oc., 23; 599-6 I 5.

Devillers, P., Devillers-Terschuren, J. & Ledant, J.-P. (eds) (1991) CORINE Biotopes
Manual, Data specifications, Part 2, 300pp. Office for Offrcial publications of the
European Communities, Bnrssels.

Falkner, G., Obrdlik, P., Castell4 E. & Speight, M.C.D. (2001) Shelled Gastropda of
western Europe. Friedrich Held, Muncben- 267pp.

139



Go€ldtirc5 P., Delarze, R., Ca$ella, E. & Sp€ight, lvLC.D. (2003) Ecological refer€nce'

state studies for forest reserve me.igemeot in Montricher (Vau4 Jura Switzerlmd).

Insects as bioindicators. Mém.Sæ.vaud.Sc.nat, 20: 159.267.

Hering, D., Moog, 9., 56rlin, L. & Verdoirschot, P.F.IU. (2004) Overview and

applicaton of the AQEM assessmeût systeûL Hydrobiologia, 516: l-20.
Koivul4 N{. & Nemelii, J- (2003) Gap felling as a foreS harvesting method in boreal forcss:

responses of carabid beetles (Coleopter4 Caratndae). bogrqhy, 26: 179-187.

ldason" F. (2002) Dynamica di una foresta della Pianura Pad"na: Bosco della Fontma.

207pp. Gianluigi Arcari, Mantova.

Mason F. (2003) Guidetinss and eim5 of the project Life NAT/IT/99|N6245 Bosco della

Fontana urgent oonservation actions on relict habital In: Mason, F., Nardi, G. &

Tisato, À4 (eds.) Proc. Intemat.Symposium 'Legno Morto: tma chiave per la

biodiversità", Mantova, May 2003, Slreno od, 95,Suppl.2, 4143.

Mason F., Cereni P., Tagliapietra A., SpeighÇ I,LC.D. & Zapparob M (eds.) (2002)

Irwertebrali di ww foresta della Pianua Padana, Bosco della Fonlana, Primo

contributo. pp. 176. Giantuigi fucari Editore, Mantova.

Neet, C., Goeldlin de Tiefenarl P. & Delarze, R (eds.) (2003) Projet-pilote de gestion

écologique des forêts de Montricher (Jura vaudois, Suisse). Mëm.Soc.vaud.Sc. nat,

20:1-310.
Ranius, T. & Kindvall, O. (2004) Nfsdslling the amount of coarse woody debris

produced by the new biodiversity-oriented silvicultural practices in Sweden.

Biological Con-senalion, I 19: 5l-59.

Shreeve, T.G., Dennis, RL.IL, Roy, D.B. & Moss, D. (2001) An ecological

classification of British butterflies:. ecological attributes and biotope occuparcy.

Jownal of Insect Consemalion,5: 145-161.

Sladecek, V. (1973) System of water quality from the biological point of view. lrclr-

Hydrobiol. Suppl. 7, 2l8pp.

Speiehg MC.D., Ca$ella E., Obrdlilq P. æd Ball, S. (eds.) (2W3) Syrph the Net, the

duabase of Ewopean Syrphidae,vols.39 - 43. Syrph the Net publications, Dublin.

Speight, M.C.D. & Good, JA. (2003) Development of eco-friendly foresûy practices in

Europe and the mâintenance of saproxylic biodiversity. In: Mason, F., Nardi, G. &

Tisato, M. (eds.) Proc. Intemat.Symp65i"m "Legno Morto: rma chiave per la

biodiversità", Mantova, May 2003, Sheruood, 95, Suppl.2, 73-77 .

Speight, II!'LC.D. (2004) Towards an rmderstanding of the development and constitution

ofthe Irish post-glacial syrphid fauna (Diptera: Syrphidae). Volucella,T: 125-155.

Statzner, 8., Hildrew, AG. & Resb, V.H. (2001) Species traits and environmental

constraints: entomological research and the history of ecological thæry. Annual

Rev iew of Ent om ol ogt, 46: 291-3 | 6.

140



Statzner. 8., Hoppenhaus, K.. Arens. M.-F. & Richoux, p. (1992) Reproductive traits,
habitat use and templet theory: a synthesis of world-wide data on aquatic insects.
Aquat ic Biol ogt, 38: 109- 135.

Tudor, O., Dennis, RL.H., Greatorex-DavieS, J.N. & Sparks, T.tL (2004) Flower
preferences of woodland butterflies in the UK: nectaring specialists are species of
conservation concem. Biological C onservation, I 19: 397-403.

usseglio-Polatera, P., Bourdaud" M., Richorx, p. & Tachet, H. (2000) Biomonitoring
thtough biological traits of benthic macroinvertebrates: how to use species trait
databases? Hyd robiologia 4221423: 153-162.

141



TI

5h tnternational Symposium
of the Pan-European Ecological Network

Pan-European Ecological Network in forests:
Conservation of biod iversity
and sustainable management

5' Symposium International
du Réseau écologiquè paneuropéen

Réseau écologique paneuropéen dans les forêts :
Conservation de la biodiversité et gestion durable

Cracow, Poland, 7-8 October 2004
Cracovie, Pologne, 7-8 octobre 2004

proceedings / actes

Environmental Encounters Series, No. 57
Rencontres Environnement, n" 57

Council of Europe Publishing


