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1. Einleitung

Arthropoden besetzen als artenreichste Organismengruppe eine Vielzahl von funktionellen
Nischen und Mikrohabitaten in terrestrischen Okosystemen (Kremen et al. 1993, Odegaard
2000). So sind sie beispielsweise als Herbivore, Pollinatoren, Detritivore, Mutualisten, Prida-
toren, Parasiten oder als Nahrungsgrundlage fiir viele Wirbeltiere in den meisten Okosyste-
men von essentieller Bedeutung (u.a. Curry 1994, Samways 1994, Tscharntke & Greiler
1995, Price 1997). Daraus lasst sich die potentielle Eignung dieser Tiergruppe als Indikatoren
von Umweltverdnderungen iiber ein weites Spektrum rdaumlich-zeitlicher Skalen hinweg ab-
leiten (Kremen et al. 1993, Harrington & Stork 1995, McGeoch 1998). Hinzu kommen das
grof3e Kolonisationspotential und die kurzen Generationszeiten vieler Arthropoden-Taxa, die
mitunter enorme Populationsfluktuationen als unmittelbare Reaktion auf Verédnderungen in
der Habitatqualitdt bewirken (Brown & Southwood 1983, Williams 1993, Harrington & Stork
1995, Price 1997). Des Weiteren weisen Arthropoden im Vergleich zu anderen Tiergruppen
(z.B. Wirbeltieren) viel gréBere Populationsdichten auf, die einerseits wiederholte Stichpro-
bennahmen ermdglichen ohne dadurch erhebliche Verdnderungen in der Populationsdynamik
hervorzurufen (Southwood et al. 1979, Kremen et al. 1993, Williams 1993) und andererseits
numerisch ,,verwertbare Zahlen“ liefern und damit statistische Auswertungen zulassen (Dent
& Walton 1997, Duelli et al. 1999).

Auf die besondere Eignung von terrestrischen Arthropoden und insbesondere Insekten
als Bioindikatoren macht McGeoch (1998) aufmerksam. Am Beispiel dieser Tiergruppe stellt
sie heraus, dass das Konzept der Bioindikation bisher meist unspezifisch und fiir ein sehr brei-
tes Spektrum verschiedenster Fragestellungen verwendet wurde. Ausgehend von den drei
Hauptanwendungen der Bioindikation reklassifiziert McGeoch (1998) drei Kategorien. Da-
nach werden als (i) Umwelt-Indikatoren (environmental indicators) Arten oder Artengruppen
charakterisiert, die den aktuellen Zustand der Umweltbedingungen messbar widerspiegeln,
somit vorhersagbar (z.B. im Sinne von Zeigerarten) auf abiotische (oder auch biotische) Um-
weltverdnderungen reagieren. Demgegeniiber werden Arten oder Artengruppen als (ii) 6kolo-
gische Indikatoren (ecological indicators) bezeichnet, die die Auswirkungen von (globalen)
Umweltverinderungen auf biotische Systeme demonstrieren. Okologische Indikatoren fungie-
ren hier als Surrogate. Thre Reaktion auf direkt meist schwer messbare komplexe Veridnde-
rungen (z.B. globaler Klimawandel) wird als représentativ fiir eine Biozoénose (community)

oder ein ganzes Okosystem angesehen. Aussagen auf der Grundlage von 6kologischen Indika-
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toren setzten dabei in der Regel wiederholte Datenerhebungen voraus (Lawton & Gaston
2001). (iii) Biodiversitits-Indikatoren (biodiversity indicators) sind Artengruppen, deren Di-
versitit (z.B. Artenvielfalt, Anzahl seltener Arten, Anzahl von Endemiten) stellvertretend die
Diversitédt anderer Artengruppen, ganzer Biozénosen (communies) oder geografischer Regio-
nen widerspiegelt. Folgt man dieser allgemein akzeptierten Klassifikation (u.a. Lawton &
Gaston 2001) so ist festzustellen, dass die Verwendung von Arthropoden (Arten oder Arten-
gruppen) als Umwelt-Indikatoren relativ verbreitet ist (u.a. Spellerberg 1991, Paoletti & Bres-
san 1996, Hoffmann et al. 2000), wobei hier Anwendungen im aquatischen Bereich iiberwie-
gen (Orendt 1998, Scrimgeour et al. 1998, Figueroa et al. 2003). Die Verwendung von Artho-
poden als Biodiversitéts-Indikatoren hat sich besonders im Zusammenhang mit der Identifika-
tion von vorrangig zu schiitzenden Lebensrdumen (Noss 1990, Flather et al. 1997, Prender-
gast 1997, Reid 1998) und Fragestellungen des Naturschutzes in subtropischen und tropischen
Okosystemen im vergangenen Jahrzehnt etabliert (Kremen et al. 1994, Kitching et al. 2001).
Bei der Nutzung von Arthropoden als 6kologische Indikatoren dominieren Untersuchungen
mit agrarkologischem Bezug (Duelli et al. 1999, Wardle et al. 1999). Aber auch im Zusam-
menhang mit Studien zum Restaurationsmanagement bzw. -monitoring, wo sich bisherige
Arbeiten vorrangig auf die ablaufenden Regenerationsmechanismen der Vegetation als Basis
fiir die Interpretation des Systemwandels beschrinkten, werden zunehmend Arthropoden-
Taxa als Gkologische Indikatoren diskutiert und deren Vorteile gegeniiber einem ,,reinen*
Vegetations-Monitoring herausgestellt (Madden & Fox 1997, Williams 1997, Topp 1998).
Aufgrund der gegenwirtig dominierenden Probleme im Zusammenhang mit globalen Um-
weltverdnderungen (u.a. Nutzungsénderungen, Klimawandel und CO,-Anstieg, Abnahme der
Artendiversitit, Arteninvasionen exotischer Arten) ist jedoch die Verwendung und das
Einsatzspektrum von Arthropoden als 6kologische Indikatoren bisher weit weniger verbreitet,
als erwartet.

Der Begriff ,,Assoziation* wird in der vorliegenden Arbeit im Sinn des englischspra-
chigen Terms assemblage verwendet und nicht wie in der (deutschen) Pflanzensoziologie
tiblich, im Sinn einer definierten und hierarchisch angeordneten Organismeneinheit. Eine As-
soziation (assemblage) umfasst somit eine Gruppe von Arten, ohne explizit Interaktionen
zwischen diesen Arten anzunehmen, was (streng genommen) durch den Begriff community
beschrieben wird (Calow 1998, Perner & Kdohler 1998).

In Anlehnung an den in der englischsprachigen Literatur etwas ,,groBziligigeren Um-

gang“ mit dem Begriff ,,Abundanz* (abundance) wird auch dieser Term hier vielfach ver-
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wendet, obwohl es sich, methodisch bedingt, meist nur um Fang- oder Individuenzahlen bzw.
Aktivitdts-Abundanzen handelt (u.a. Miiller-Motzfeld, 1989).

Fiir die Beschreibung 6kologischer Artengruppen wurden in den letzten beiden Jahr-
zehnten mehrere unterschiedliche Begriffe beschrieben, die aufgrund inkonsistenter Beziige
zu den urspriinglichen Konzepten teilweise synonym oder falsch verwendet wurden. Termi-
nologische Klarheit verbunden mit einer Klassifikation der Konzepte brachten hier Arbeiten
von Hawkins & Mac Mahon (1989) und Simberloff & Dayan (1991), sowie spiter die Arbei-
ten von Wilson (1999) und Blondel (2003). Gegenwirtig dominieren diesbeziiglich drei Kon-
zepte. Danach sind mit ,,Gilden“ (guilds) Arten-Aggregationen definiert, welche @hnliche
Ressourcen auf dhnliche Weise nutzen (Root 2001, Blondel 2003). Als ,,funktionelle Grup-
pen” (functional groups) werden hingegen Arten zusammengefasst, die einzelne (wichtige)
okologische Merkmale gemeinsam haben bzw. einzelne dquivalente Funktionen in Okosys-
temen erfiillen (Smith et al. 1997, Steneck 2001, Blondel 2003). Demgegeniiber werden unter
,funktionellen Typen* (functional types) Artengruppen verstanden, die sich in Bezug auf gan-
ze Skologische Merkmalskomplexe dhnlich sind (Smith et al. 1997, Wilson 1999, Semenova
& van der Maarel 2000, Colasanti et al. 2001). Beispielsweise zdhlen dazu die fiir Pflanzen
verwendeten CSR-Typen (Grime 2001).

Im Zusammenhang mit den aktuellen Debatten iiber die Effekte von globalen Um-
weltverdnderungen auf die Okosystemfunktionen hat in den letzten Jahren besonders das Inte-
resse am Konzept der funktionellen Gruppen zugenommen (z.B. Bengtsson 1998, Blondel
2003). Dahinter steht die Erwartung, mit diesem Ansatz einerseits eine Verbindung zwischen
Arten bzw. Artengruppen und einem breiten Spektrum verschiedenster Okosystemfunktionen
herzustellen (z.B. bio-geo-chemische Zyklen, Resistenz gegen Arteninvasionen, Herbivorie,
Bestiubungsaktivititen, Okosystem-Engineering). Andererseits erméglicht dieses Konzept
aber auch die Aggregation von Arten-Assoziationen zu handhabbaren, funktionellen Einhei-
ten, die als Werkzeug zur Vorhersage von Okosystemverinderungen verwendet werden kén-
nen (Kémer 1993, Bengtsson 1998, Steneck 2001). Jede Art weist eine Vielzahl von morpho-
logischen und physiologischen Eigenschaften sowie Verhaltensmustern auf, die sich auf ihre
Populationsdichte auswirken und potentiell auch Okosystemfunktionen beeinflussen kénnen.
Nach Chapin et al. (1997) sollten dabei die Eigenschaften von Arten die groBten Effekte auf
Okosystemfunktionen haben, die (a) die Verfligbarkeit und Nutzung von limitierten Ressour-
cen steuern, (b) die Strukturen von Nahrungsnetzen modifizieren oder (c) das Auftreten und
die Stirke von Stérungen beeinflussen. Bezug nehmend auf Chapin et al. (1997) schldgt Til-

man (2001) daher vor, vorrangig solche Eigenschaften von Arten zu identifizieren, die mit
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groBer Wahrscheinlichkeit fiir die Beeinflussung von Okosystemprozessen verantwortlich
sind, und genau diese Eigenschaften fiir die Klassifizierung von Organismen in funktionelle
Gruppen zu verwenden. Als Beispiel fiihrt Tilman (2001) die Klassifizierung von Arten einer
Assoziation (assemblage) auf der Grundlage ihrer Position im Nahrungsnetz an (Pflanzen,
Herbivore, Priddatoren, Parasiten, Parasitoide, Detritivore). In einem zweiten Schritt, bei-
spielsweise auf der Grundlage zeitlich oder rdumlich unterschiedlicher Aktivitdtsmuster oder
auf der Grundlage physiologischer Eigenschaften, kénnen diese dann weiter unterteilt werden.
Bei der Verwendung dieses Konzeptes geht man davon aus, dass sich Arten innerhalb einer
funktionellen Gruppe in Bezug auf eine Okosystemfunktion einheitlicher verhalten, als Arten
unterschiedlicher funktioneller Gruppen (Tilman 2001). Insbesondere fiir sehr artenreiche
Gruppen wie terrestrische Arthropoden wird diese a priori-Klassifikation als ein ,,erster
Schritt in Richtung einer funktionellen Analyse empfohlen (Bengtsson 1998), da hier viel-
fach detaillierte Informationen zur Physiologie bzw. zur life history fehlen, die eine numeri-
sche Klassifikation zu funktionellen Gruppen erméglichen wiirden. Im Gegensatz zu pflan-
zenGkologischen (Symstad 2000, Reich et al. 2001, Tilman 2001) oder aquatischen Studien
(Usseglio-Polatera et al. 2000, Pearson 2001), wo funktionellen Gruppen schon hiufiger und
erfolgreich Verwendung gefunden haben, wurde dieses Konzept fiir terrestrische Arthropoden
bisher vergleichsweise wenig angewandt.

Die Berticksichtigung einer grofleren taxonomischen und funktionellen Vielfalt und
die damit im Zusammenhang stehende groBere Vielfalt an Reaktionen auf Umweltverinde-
rungen werden als hauptsdchliche Argumente fiir die Verwendung von Artengruppen (z.B.
funktionellen Gruppen) als Bioindikatoren anstatt der Nutzung einzelner Indikatorarten ange-
fiihrt (Cousins 1991, Williams 1996, McGeoch 1998). Davon wird abgeleitet, dass mit diesem
Ansatz eine bessere Abstufung bzw. Auflésung der Resultate im Rahmen von Bioindikations-
studien moglich ist (Kremen 1994). Dies betdtigen beispielsweise Ergebnisse von Langzeitun-
tersuchungen zu Auswirkungen von Stérungen und Umweltverédnderungen in aquatischen
Okosystemen, die zeigten, dass besonders Assoziationsparameter wie beispielsweise Diversi-
tatsindizes, Nahrungskettenldngen, Anzahl von r-Strategen und KorpergroBenspektren, aber
auch Verdnderungen in den Interaktionsmustern zwischen Arten und Artengruppen sehr sen-
sitive und indikativ verwertbare Parameter darstellen (Schindler 1990, Sugden 1992). Inwie-
fern diese Argumente bzw. Erkenntnisse auch auf terrestrische Arthropodengruppen tibertrag-

bar sind, wurde bisher nur unzureichend untersucht.
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Im Mittelpunkt der vorliegenden Habilitationsschrift steht, anhand von verschiedenen Fallbei-
spielen im Zusammenhang mit komplexen Umweltverinderungen auf das Informationspoten-
zial aufmerksam zu machen, was Arthropoden-Assoziationen als Gkologische Indikatoren
bieten. In 11 Manuskripten werden die Reaktionen von Arthropoden-Assoziationen auf (i)
Storungen durch landwirtschaftliche Nutzung oder Schadstoffimmissionen und auf die damit
verbundenen Regenerations- und Sukzessionsprozesse analysiert, sowie (ii) deren Sensitivitit
gegeniiber Klimadynamik und Arten-Invasionen untersucht. Auerdem werden (iii) das Kon-
zept der funktionellen Gruppen und dessen Verwendbarkeit im Zusammenhang mit Bioindi-
kation iiberpriift sowie (iv) methodische Aspekte beziiglich der Erhebung und insbesondere
der Analyse von komplexen Freilanddaten beleuchtet.

Manuskript I widmet sich der Thematik der StichprobengréBe und der damit im Zu-
sammenhang stehenden Genauigkeit von Ergebnissen, die bei Freilandstudien an Arthropoden
zu erwarten sind. Einerseits steigt mit zunehmender Stichprobengrofie die Zuverldssigkeit
einer Analyse. Andererseits sind aus (zeitlichen/ finanziellen) Griinden Beschrinkungen auf
das ,,notwendige MaB” erforderlich. Besonders bei Untersuchungen von wirbellosen Tier-
gruppen, deren Erhebung im Freiland und vor allem deren Aufarbeitung im Labor mit gro-
Bem zeitlichen Aufwand verbunden ist, spielt diese Optimierungsfunktion eine wesentliche
Rolle (Duelli et al. 1999). Bioindikative Ableitungen sind dabei entweder anhand von Verin-
derungen im Vorkommen einzelner (Indikator-) Arten oder auf der Grundlage von Arten-
gruppen (z.B. durch Verwendung komplexer Biodiversititsmale) moglich. Eine erfolgreiche
Analyse setzt in jedem Fall voraus, dass Unterschiede zwischen verschiedenen Varianten
(between variability) tiber das ,,Datenrauschen® innerhalb einer Variante (within variability)
hinaus indizierbar sind. Auf der Grundlage einer allgemein bekannten, jedoch selten konse-
quent angewandten Schitzprozedur wird im Manuskript I die Relation zwischen Stichproben-
grofBe und der zu erwartenden Genauigkeit einer Analyse am Beispiel von Freilanddaten (Bo-
denfallendaten) fiir Arten- und Artengruppen-Parameter dargestellt.

Im Manuskript II stehen mit der Abundanzschitzung von epigdisch-aktiven Arthropo-
den ebenfalls methodische Aspekte im Vordergrund. Die bisher bekannten direkten Verfahren
(z.B. Saugsammler, Emmergenzfallen) sind sehr zeitaufwendig und erfordern oft hohe Stich-
probenzahlen, um verldssliche Dichteangaben zu ermdéglichen (Dent & Walton 1997,
Ekschmitt et al. 1997, Southwood & Henderson 2000), was ihre Nutzung vielfach limitiert.
Auch die bekannten indirekten Methoden zur Abundanzschétzung von epigdischen Arthropo-
den (z.B. Fang-Wiederfang in Verbindung mit netz- oder gitterférmig angeordneten Boden-

fallen-Arrangements) sind ausgesprochen zeitaufwendig (Parmenter et al. 2003, Parmenter et
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al. 1989). Dartiiber hinaus sind die in Verbindung mit der Dichteschitzung notwendigen ma-
thematischen Modelle oftmals empfindlich gegeniiber verletzten Grundannahmen (z.B. de-
mografisch geschlossene Populationen, stabile Bewegungsmuster, hohe Fang-Wiederfang-
Wahrscheinlichkeit; sieche dazu u.a. Schumacher et al. 2000, Parmenter et al. 2003), weshalb
auch diese Methoden in der Praxis nur wenig angewandt werden. Im Manuskript II wird mit
dem Nested-Cross-Array ein neues und einfach zu handhabendes Bodenfallenmuster vorge-
stellt, was in Verbindung mit der Anpassung einer hyperbolischen Funktion die Schitzung
von Abundanzen epigdisch-aktiver Arthropoden ermdglicht. Mittels individuenbasierten Si-
mulationen werden verschiedene Modelparameter variiert (u.a. Populationsdiche, Bewe-
gungsmuster, Fangdauer, Verteilungsmuster) und Angaben zur Giite der Dichteschitzung in
Abhingigkeit von der Parameterkonstellation prisentiert.

In Kulturlandschaften gehéren Landnutzungsénderungen auf lokaler sowie regionaler
Ebene zu den EinflussgréBen mit der groBten Bedeutung fiir die Artendiversitit. Eine Mog-
lichkeit zur Reduktion des Verlustes von Artendiversitidt wird dabei u.a. in einer weniger in-
tensiven Landnutzung gesehen (Duelli 1997, Van der Putten et al. 2000). Im Manuskript 11T
werden drei verschiedene Arten-Assoziationen (Pflanzen, Coleoptera, Araneae) als dkologi-
sche Indikatoren zur Analyse landwirtschaftlich unterschiedlich intensiv bewirtschafteter
Standorte verwendet. Auf der Grundlage von verschiedenen einfachen Assoziations-
Parametern (Artenvielfalt, Camargo’s Evenness) und multivariaten Analysen wird dabei deut-
lich, dass beachtliche Unterschiede in der Reaktion auf Nutzungsunterschiede zwischen den
untersuchten Pflanzen- und Arthropoden-Assoziationen festzustellen sind. Daraus werden
entsprechende Schlussfolgerungen fiir ein aussagekriftiges Monitoring von Restaurationspro-
jekten gezogen.

Seit Ende der 80ger Jahre wird der Bedeutung der Biodiversitit fiir verschiedene Oko-
systemfunktionen intensiv diskutiert (Uberblick u.a. bei Loreau et al. 2002). Die meisten Ar-
beiten konzentrierten sich dabei auf die 6kosystemaren Auswirkungen, die durch Verinde-
rungen der Artendiversitéit auf der Produzentenebene hervorgerufen werden kénnen. Obwohl
entsprechende Effekte verdnderter Pflanzendiversitit auf die Artenvielfalt und Abundanz ho-
heren trophischer Ebenen schon vor einigen Jahren Eingang in verschiedene Modelle und
Hypothesen gefunden haben (Uberblick siche Rosenzweig 1995), liegen bisher vergleichs-
weise wenige empirischer Studien, und dariiber hinaus mit teilweise widerspriichlichen Er-
gebnissen, zu dieser Thematik vor. Dies ist auf die komplexen und teilweise iiberlagerten
Wirkungsmuster biotischer und abiotischer Faktoren zuriickzufiihren. Manuskript IV prisen-

tiert eine empirische Studie, in der der Versuch unternommen wird, diese komplexen Wir-
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kungen durch Variablen-Dekomposition statistisch aufzutrennen. Auf der Grundlage von Da-
ten aus 71 verschiedenen Griinlandstandorten wird untersucht, ob (i) die Abundanzmuster
verschiedener funktioneller Arthopodengruppen durch Unterschiede im Management bzw.
Unterschieden in den Standortbedingungen signifikant beeinflusst werden, (ii) die Abun-
danzmuster der Arthropoden einen belastbaren Zusammenhang zur Diversitit, Produktivitit
bzw. der Artenzusammensetzung der Vegetation aufweisen, auch wenn die potenziellen Wir-
kungen der unter Punkt (i) genannten Variablen statistisch kontrolliert werden und (iii) Unter-
schiede in den Abundanzmustern der verschiedenen funktionellen Gruppen in Abhéngigkeit
von ihrer trophischen Zuordnung festzustellen sind. Die Ergebnisse der Studie werden auch
im Zusammenhang mit zwei von (Root 1973) vorgeschlagenen und vielfach zitierten Hypo-
thesen diskutiert. Diese besagen, dass die Populationsdichten von Herbivoren in artenreiche-
ren Pflanzengesellschaften niedriger sein sollten als in artendrmeren, entweder aufgrund von
niedrigeren Konzentrationen der relevanten Wirtspflanzen (resource concentration hypothe-
sis) oder aufgrund héherer Pridatoren-, oder Parasitoiden-Dichten (natural enemies hypothe-
sis) in artenreicheren Pflanzengesellschaften.

Auch im Manuskript V steht die Frage im Mittelpunkt, ob sich Verinderungen in der
Diversitédt auf der Produzentenebene kaskadenartig auf die Diversitidtsmuster der Artengrup-
pen hoherer trophischer Ebenen iibertragen, womit ebenfalls die beiden o.g. Hypothesen von
Root (1973) beriihrt werden. Dies wird anhand eines umfangreichen Datensatzes aus einem
chemaligen Immissionsgebiet eines Diingemittelwerkes analysiert. Direkt nach SchlieBung
des Werkes war mit dem Riickgang der Schadstoffwirkungen eine rapide Zunahme der Ar-
tendiversitdt (Artenvielfalt und Evenness) auf Produzentenebene verbunden. Daraufhin wur-
den im Zeitraum von 10 Jahren verschiedene, vorrangig hypergdisch lebende funktionelle
Gruppen von Arthropoden erfasst, um deren Reaktionen auf die sich schnell éndernden Vege-
tationsmuster zu analysieren. Ahnlich wie im Manuskript IV wird in dieser Arbeit auerdem
der Frage nachgegangen, ob Unterschiede in den Reaktionsmustern in Abhingigkeit von den
verschiedenen trophischen Ebenen zu verzeichnen sind.

Die Beziehungen zwischen der mittlerer KérpergréBe und der Struktur von Tierassozi-
ationen waren schon vielfach Gegenstand 6kologischer Studien. Hintergrund dieses Untersu-
chungsansatzes ist, dass die Kérpergrofie von Tieren mit einer Vielzahl von life history- As-
pekten korreliert, wie z.B. der metabolischen Effizienz, der Generationszeit, der Reprodukti-
onsrate oder dem Dispersal von Tieren (Peters 1983, Brown 1995). Daher wird die Verwen-
dung von Korpergroflenklassen als Surrogat fiir funktionell unterschiedliche kophysiologi-
sche Typen innerhalb von Artengruppen der gleichen trophischen Ebene als plausibler Kom-
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promiss angesehen (Bengtsson 1998, Bradford et al. 2002). Im Manuskript VI wird am Bei-
spiel von Carabidendaten des o0.g. Immisionsgebietes (siche Manuskript V) dieser Ansatz ver-
wendet, um zu priifen, ob ein Zusammenhang zwischen der mittleren Korpergrofie von
Carabiden-Assoziationen und den in diesem Fall sehr dynamischen Umweltbedingungen fest-
stellbar ist. Dieser Zusammenhang wird im Rahmen von zwei unterschiedlichen Hypothesen
postuliert: (i) der efficiency-specialization hypothesis (Siemann et al. 1999), die besagt, dass
wihrend der Sukzession (Regeneration) von Okosystemen die mittlere Korpergrofe von Kon-
sumenten-Assoziationen abnimmt und (ii) der Hypothese von Blake et al. (1994), nach der
mit abnehmender Storungsintensitit in Okosystemen die mittlere KérpergroBe der Konsu-
menten zunimmt. Beide Thesen werden anhand der Ergebnisse aus dem untersuchten Immis-
sionsgebiet diskutiert und daraus Schlussfolgerungen fiir die Verwendbarkeit von GréBen-
klassen bei der Klassifizierung von funktionellen Gruppen im Rahmen der 6kologischen Indi-
- kation gezogen.

Klima beeinflusst nicht nur die geografische Verbreitung und /ife history von Orga-
nismen und damit deren Populationsdynamik sowie die Zusammensetzungen von Artenge-
meinschaften (Harrington & Stork 1995, Lawton 2000). Klima wirkt sich indirekt auch auf
Okosystemfunktionen und die davon abzuleitenden ,,Serviceleistungen von Okosystemen
(ecosystem services) aus, von denen der Mensch profitiert (Tilman et al. 2001). Folglich ist
die Abschitzung der Reaktionen von Arten und Artengemeinschaften auf Klimaverdnderun-
gen und deren Auswirkungen auf die Okosystemleistungen eines der zentralen Forschungs-
themen auf dem Gebiet der global change- Okologie. Wihrend auf der Ebene einzelner Arten
eine Reihe von Studien aus Labor- und Mesokosmos-Experimenten vorliegen (u.a. Harrington
& Stork 1995, Lawton 1995, Davis et al. 1998), gibt es vergleichsweise wenige empirische
Studien, in denen der Versuch unternommen wird, die Populationsdynamik in Abhingigkeit
von Witterungsparametern (zumindest teilweise) nachzuzeichnen. Anhand von Langzeitdaten
aus Trockenrasen wird im Manuskript VII die Populationsdynamik von drei dominanten Heu-
schreckenarten unter Verwendung ausgewihlter Witterungsparameter modelliert. Trotz des
relativ einfachen Verfahrens der multiplen linearen Regression, was in dieser Studie ange-
wandt wurde, kénnen die spezifischen Unterschiede in den Populationsdichten der Arten in
Abhiéngigkeit von Witterungsunterschieden der verschiedenen Untersuchungsjahre hinrei-
chend genau modelliert werden, woraus Schlussfolgerungen fiir die Verwendung derartiger
Techniken im Rahmen von Bioindikations- und Biomonitoring- Projekten abgeleitet werden.

Es ist unumstritten, dass Arten sehr spezifisch auf Klimainderungen reagieren kénnen

(Lawton 2000, Thomas et al. 2001, Bale et al. 2002). Folglich besteht Grund zu der Annahme,
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dass unterschiedliche Reaktionen der Arten auf diese Anderungen zwangsliufig zu Stérungen
in den Arten-Interaktionen filhren und damit die Funktionalitit von Artengemeinschaften
(communities) maligeblich beeinflussen kénnen (Harrington et al. 1999, Visser & Holleman
2001). Dabei sind besonders starke Storungen in den Arteninteraktionen dann zu erwarten,
‘wenn sich die Sensitivitit von Arten gegeniiber Klimainderungen systematisch zwischen den
trophischen Ebenen unterscheiden sollten. Experimente an einzelnen, verschiedenen trophi-
schen Ebenen zuzuordnenden Arten lassen vermuten, dass solche Unterschiede existieren
konnten (Jones et al. 1998, Petchey et al. 1999). In diesem Fall wiirden gréBere Klimainde-
rungen zu fundamentalen Verénderungen in ganzen Artengemeinschaften bzw. Okosystemen
fiihren. Diese Form der ,,systematischen* Unterschiede in der klimatischen Sensitivitit zwi-
schen Arten verschiedener trophischer Ebenen konnte bisher jedoch anhand von Freilandda-
ten nicht belegt werden. Im Manuskript VIII werden umfangreiche Langzeitdatensitze von
unterschiedlichen funktionellen Gruppen aus drei trophischen Ebenen (Produzenten, Herbivo-
re, Karnivore) und aus zwei unterschiedlichen Grassland-Okosystemen diesbeziiglich analy-
siert.

Komplexitit ist eine inhdrente Eigenschaft von Artengemeinschaften, die im einfachs-
ten Fall indirekt iiber Artenzahlen, oder, etwas detaillierter, direkt iiber die Anzahl von exis-
tierenden Arten-Interaktionen bzw. die mittlere Interaktionsstirke zwischen Arten einer Ar-
tengemeinschaft beschrieben werden kann (Forbes 1998). Ein sehr hilfreiches Konzept zur
Beschreibung der Komplexitit von Artengemeinschaften auf der Grundlage von trophischen
Interaktionen sind dabei Nahrungsnetze (food webs; Pimm et al. 1991, Berlow et al. 2004).
Jedoch gibt es neben den trophischen Beziehungen zwischen Arten eine Vielzahl anderer In-
teraktionstypen, die sich direkt oder indirekt auf die Komplexitit von Artengemeinschaften
auswirken konnen. Daher favorisiert Price (2002) die Verwendung des Begriffs ,,Interakti-
onsnetze* (interaction webs) fiir eine umfassendere Beschreibung der Komplexitit von Ar-
tengemeinschaften. Interaktionsnetze sind jedoch mit den klassischen Methoden der Nah-
rungsnetzanalysen nur schwer zu charakterisieren, weshalb derartige Analysen bisher weitge-
hend fehlen. Im Manuskript IX wird eine Methode vorgestellt, mit der die Analyse von Inter-
aktionsnetzen mdoglich ist. Auf der Grundlage von Freilanddaten fiir Pflanzen und Arthropo-
den aus einem naturnahen und einem gestérten Grasland-Okosystem wird die vertikale Kom-
plexitit (kalkuliert als vertical connectance) zwischen funktionellen Gruppen verschiedener
trophischer Ebenen (Produzenten, Herbivore, Karnivore) analysiert. In diesem Zusammen-

hang wird eine von Nahrungsnetzanalysen abgeleitet Hypothese iiberpriift, die besagt, dass
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sich gestorte Okosysteme im Vergleich zu ungestérten Okosysteme durch eine geringere
Komplexitét auszeichnen (O'Neill et al. 1986 Townsend et al. 1998).

Manuskript X baut direkt auf der Methodik und den Ergebnissen von Manuskript IX
auf. In dieser Studie wird unter Verwendung desselben Datenmaterials (wie in Manuskript IX)
gepriift, wie zuverldssig bzw. stabil Interaktionsnetze in Abhéngigkeit von ihrer Struktur sind
(reliability- Konzept). Mit dem Begriff reliability wird die Wahrscheinlichkeit beschrieben,
mit der bei Ausfall eines oder mehrerer Netz-Elemente (nodes, in diesem Fall funktionelle
Gruppen) die Funktionalitit (z.B. Verbindung der Karnivoren mit den Produzenten) erhalten
bleibt (Aggarwal 1993, Jordan & Molnar 1999). Es wird in dieser Arbeit untersucht, ob sich
die reliabilities von Interaktionsnetzen auf der Basis von funktionellen Gruppen wesentlich
von denen auf der Grundlage von Nahrungsnetzen (food webs) unterscheiden. AuBerdem wird
analysiert, in welchem Verhéltnis die reliability zu anderen Netzparametern steht und ob sich
diese Relationen wesentlich von denen aus Nahrungsnetzen abgeleiteten Zusammenhingen
unterscheiden.

Die Komplexitit von Artengemeinschaften bzw. Okosystemen ist eng verkniipft mit
der Invasibilitdt. Dieser grundlegende Zusammenhang wurde bereits von (Elton 1958) be-
schrieben und spéter durch die resource-competition - Theorie untermauert (MacArthur &
Wilson 1967, Pimm 1991). Danach sollten artenreichere Gemeinschaften (communities) we-
sentlich resistenter gegeniiber Invasoren sein, als (vergleichbare) artenarme Gemeinschaften
(diversity-resistance hypothesis). Wihrend theoretische und experimentelle Studien mit klein-
rdumigem Bezug diesen Zusammenhang weitgehend bestitigten konnten, ergaben andere
experimentelle und empirische Studien, meist bezogen auf grofiere rdumliche Skalen, hinge-
gen widerspriichliche Ergebnisse. Dieser Widerspruch wird auf die Wirkung extrinsischer
Faktoren (z.B. Klima, Boden, Stérungen) zuriickgefiihrt, die mit der Diversitit von auto-
chthonen und invasiven Arten (positiv oder negativ) korrelieren und somit die durch die di-
versity-resistance hypothesis vorausgesagten Effekte iiberlagern kénnen (Naecem et al. 2000,
Shea & Chesson 2002). Darauf aufbauend wird im Manuskript XI ein einfaches konzeptionel-
les Modell vorgeschlagen, welches postuliert, dass unabhingig von der Wirkung extrinsischer
Faktoren, der Anteil invasiver Arten am Gesamtartenpool negativ zum Vorkommen auto-
chthoner Arten korreliert sein sollte, falls o.g. diversity-resistance hypothesis wirklich zutrifft.
Diese Hypothese wird am Beispiel von epigéisch aktiven Arthropoden unterschiedlicher funk-

tioneller Gruppen aus Lorbeerwildern verschiedener Kanarischer Inseln iiberpriift.
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Abstract

A frequently cited but rarely used procedure for estimating sample size was tested on the level of both species and community
parameters. The analysed field data resulted from a pitfall trap study dealing with the effects of changing agricultural land
use on ground-dwelling arthropods. The relation between level of precision (LOP) and required sample size (RSS) showed
significant differences between species and community parameters. For most species parameters a high precision level
(5-10%) would require an unaffordable large sample size. For species that are habitat generalists realistic sample sizes around
10 allow an LOP between 25 and 50%, whereas the same sample sizes leads to a much lower LOP between 50 and 90% for
selected habitat specialists. In general, the LOP-RSS relation was more favourable for the two tested community parameters
(richness and evenness) than for the mean number of individuals of a species. For purposes of bioindication or comparisons
of communities, the results presented herein favour the use of community parameters above species parameters. Finally, as
arule of thumb the RSSs for precision levels of 5, 10, 25 and 50% were given for both, level of species and for community

parameters.
© 2003 Elsevier Science B.V. All rights reserved.

Keywords: Sample size; Level of precision; Coefficient of variation; Bioindication; Arthropods

1. Introduction

In agricultural ecology, invertebrate groups have
been increasingly used as indicators for changes in
agricultural land use (Duelli et al., 1999). Indicative
deductions are possible on the basis of indices for
(indicator-) species or for complex community param-
eters (e.g., measures of diversity). In all cases, success-
ful indication requires that, e.g., differences at species-
or community-level between various management
practices (between group variability) are recognizable
beyond the data noise within single management types

* Tel.: +49-3641-949421; fax: +49-3641-949402.
E-mail address: bjp@uni-jena.de (J. Perner).

(within group variability). Therefore, the precision of
the sampled data has to be estimated, which is di-
rectly related to the variance of the data and thus, is a
mathematical function of sample size (Tokeshi, 1993).

It is well known, that increasing sample size im-
proves the validity and reliability of the data in ques-
tion. However, personnel, temporal and financial limits
apply for every study. To find a balance between these
needs is particularly important for investigations of
invertebrate groups that involve time-consuming field
sampling, high skills and much time for species iden-
tification as well as a large amount of data processing.

A frequently cited (e.g., Manly, 1992; Motulsky,
1995; Krebs, 1999) but rarely used procedure for
estimating sample size was tested on the level of both

0167-8809/$ - see front matter © 2003 Elsevier Science B.V. All rights reserved.

doi:10.1016/S0167-8809(03)00074-4
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species and community parameters in order to inves-
tigate the relationship between sample size and preci-
sion. In addition, attempts to offer suggestions for a
cost-benefit balance between financial constraints and
precision needs.

2. Material and methods
2.1. Statistical procedure and terminology

The precision of an arithmetical mean of a sample
is usually described by the confidence interval:

_ s s
(x - tn—l,aﬁ»x"'tn—l,a%) ¢9)

where X is the arithmetical mean of the sample, s the
standard deviation of the sample, ,_1 o the student’s
t value for n — 1 degrees of freedom for 1 — « level
of confidence, n the sample size (for this study: the
number of pitfall traps).

The half-width of this confidence interval, d =
n—1,a8/+/1, gives an absolute measure of precision.
More conveniently, the precision is expressed as a
percentage proportion of the parameter in question

Table 1

(here: x)

s
xJ/n
and gives a relative measure of precision. This mea-
sure is directly linked to a common measure of relative
variability, the coefficient of variation CV = s/X. As-
suming a 95% confidence level and exploiting the fact
that #,_1 4=5% ~ 2 the formula for relative precision
can be rearranged, giving

2
0 (200CV> 3)

r

100% 2)

r=it1,a

as an approximate formula for the sample size re-
quired for a specified level r of relative precision. Note
that low %-values correspond to high levels of rela-
tive precision. A detailed derivation of the formula for
estimating necessary sample sizes is given by Manly
(1992) and Krebs (1999). The required sample size
(RSS) is the one needed to achieve a certain level of
precision (LOP).

2.2. Study sites and analysed data

The study was carried out between 1996 and 1998
in the central Unstrut floodplain (Thuringia, Germany;

Numbers of individuals for selected species of beetles sampled in seven different sites from 1996 to 1998 (group 1: habitat generalists of
agricultural ecosystems, group 2: habitat specialists with a high preference for arable land and particularly young sown grassland sites,
group 3: habitat specialists with high preference for re-wetted grassland sites)

Site type (site abbreviations) Total
Arable Young sown Sown Permanent Permanent Embankment Re-wetted
land (A3) grassland (A2) grassland grassland  grassland grassland grassland
(Al) (3-cut) (C) (l-cut) (B2) (AD) (fallow) (B1)
Group 1
P. melanarius 8802 9018 1328 4296 107 1753 1429 22437
B. obtusum 981 407 131 1860 51 101 359 2030
Group 2
Calathus erratus 132 38 0 0 0 0 0 170
Hypera postica 26 33 1 0 0 3 0 63
Lesteva longoelytrata 54 3 0 1 0 0 0 57
Ocypus ophthalmicus 163 5 1 0 0 0 0 169
Group 3
Bembidion lunulatum 0 0 0 0 0 3 17 20
Chlaenius nigricornis 0 0 0 0 0 7 149 156
O. helopioides 0 0 0 0 0 1 25 26
Stenus pusillus 0 0 0 0 0 1 14 15
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51°08'N, 10°40’E). Seven sites of different manage-
ment regimes (arable land, young sown grassland used
by mowing and grazing, sown grassland with extensive
cattle grazing, permanent grassland mowing 3-cuts
per year, permanent grassland mowed with 1-cut per
year, embankment grassland, re-wetted fallow land)
were sampled by pitfall trapping. Two lines 20 m apart
from each other, each consisting of five traps (4m
apart) were sampled the year around at every site. In
total, these 70 traps yielded 502 species of beetles
with 77,684 individuals and 120 species of spiders
with 56,067 adult individuals (Malt and Perner, 2002;
Perner and Malt, 2002).

Eq. (3) was used to estimate the LOP-RSS rela-
tion on species level based on numbers of individuals

for selected species of beetles. Using a TWINSPAN-
analysis (two-way-indicator-species-analysis; com-
pare Hill, 1979; McCune and Mefford, 1997), three
ecological groups of species were selected (Table 1).
The first group includes habitat generalists, which are
widespread in agricultural ecosystems and occurred in
all investigated sampling sites. The second and third
group was represented by habitat specialists. Species
of group 2 had a high preference for arable land and
partly also for young sown grassland sites (Hypera
postica), whereas the species of group 3 were limited
to re-wetted grassland and embankment grassland
sites. Species of group 1 can be regarded as quanti-
tative indicators with a fuzzy preference for certain
environmental conditions (e.g., habitats). However, an

Table 2

Mean CV +£S.E. for beetles, carabids only and spiders calculated for species richness, Smith-Wilson evenness and mean numbers of

individuals (see also Table 1)®

Taxon/parameter Mean CV %S.E.
Between sites Between years Total
Beetles/richness 0.143 £ 0.035 0.146 + 0.009 0.146 + 0.039
Beetles/Smith-Wilson evenness 0.114 + 0.029 0.115 £ 0.022 0.115 + 0.038
Carbids/richness 0.196 + 0.076 0.192 £ 0.028 0.193 + 0.083
Carabids/Smith—Wilson evenness 0.178 £ 0.071 0.183 + 0.033 0.182 + 0.092
Spiders/richness 0.128 + 0.024 0.133 £ 0.026 0.132 £ 0.032
Spiders/Smith-Wilson evenness 0.105 £ 0.028 0.107 £ 0.021 0.106 £ 0.035
Beetles species/number of individuals
Group 1
P. melanarius 0.433 £ 0.150 0.398 £+ 0.076 0.411 £ 0.172
B. obtusum 0.832 £ 0.467 0.731 £ 0.130 0.768 + 0.478
Group 2
Calathus erratus 1473 £ 0.713 1473 £ 0.713
Hypera postica® 0.848 £ 0.770 0.848 + 0.199 0.848 £+ 0.718
Lesteva longoelytrata 1.833 £ 1.155 1.833 £ 1.155
Ocypus ophthalmicus 1.211 £ 0.780 1.211 £+ 0.780
Group 3
Bembidion lunulatum 1.256 + 0.307 1.256 + 0.307
Chlaenius nigricornis 1.118 £ 0.101 1.118 & 0.101
O. helopioides 0.943 + 0.898 0.943 + 0.898
Stenus pusillus 1.329 £ 0.066 1.329 + 0.066
Mean 1.119

# For both community parameters and the species of group 1 the calculation of the mean CVs were performed regarding variation of
the CVs between the seven sampling sites, between the 3 years and between all sites and years (total). For the species of groups 2 and 3
only the CVs of the preferred sites (A3, respectively, B1; see Table 1) were analysed. Therefore only the variation of the CVs between
the 3 years within the preferred sites was calculated. Please note, that for this reason the values of those groups in columns “years” and

“total” are identical.

b Because of a comparable number of individuals sampled in A3 and A2 (see Table 1) also a mean CV (between A3 and A2) were

calculated for H. postica.
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indication is possible if based on density changes for 10°

these species. The species of groups 2 and 3 belong o o Bembidion obtusum

to the category Of qualitative indicators (indicator 0% O Pterostichus melanarius .|

species in the narrower sense) and show a strong
linkage to certain environmental conditions (see
Miiller-Motzfeld, 1989; McGeoch, 1998 for reviews).

Beside the numbers of individuals for the three
selected species groups, two community parame-
ters were analysed: the species richness and the
Smith—Wilson evenness index (Eyar). The latter index
is independent of species richness and is sensitive
to both rare and common species in the community
(Krebs, 1999). The analysis was carried out sepa-
rately for (i) all ground-dwelling beetles, (ii) for the
carabids only, and (iii) the ground-dwelling spiders.
The comparison of (i) and (ii) allows to validate
the almost exclusive use of carabids in bioindica-
tion studies (e.g., Miiller-Motzfeld, 1989) whereas
(i) and (iii) compares the two most abundant taxa of
ground-dwelling arthropods.

The coefficient of variation (CV) was calculated for
the community parameters and the numbers of individ-
uals recorded for the 10 traps per site and year sepa-
rately. For both community parameters and the species
of group 1 the calculation of the mean CVs were per-
formed regarding variation of the CVs between the
seven sampling sites (pooling CVs of different years
per site), between the 3 years (pooling CVs of dif-
ferent sites per year) and between all sites and years
(Table 2). For the species of groups 2 and 3 only the
CVs of the preferred sites (A3, respectively, B1; see
Table 1) were analysed. Therefore only the variation
of the CVs between the 3 years within the preferred
sites was calculated. Please note, that for this reason
the values of those species groups in columns “years”
and “total” are identical (Table 2).

In a second step, the mean CVs listed in column
“total” of Table 2 were included in Eq. (3) to estimate
the LOP-RSS relations for the selected species and
the both community parameters.

3. Results
3.1. Species comparisons

With lower LOP, the RSS needed declines exponen-
tially for all three ecological groups (Fig. 1; Table 1).
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Fig. 1. Relation between LOP and RSS for ecological groups
of beetles (a—group 1, habitat generalists; b—group 2, habitat
specialists with a high preference for arable land; c—group 3,
habitat specialists with high preference for re-wetted grassland).

There were considerable differences between the
LOP-RSS relations for habitat generalists (Fig. la)
and specialists (Fig. 1b and c). Whereas sample sizes
of about 10 gave an LOP between 25 (Pterostichus
melanarius) and 50% (Bembidion obtusum) for habi-
tat generalists, the same sample size would yield only
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Fig. 2. Calculations for RSSs for a precision level (LOP) of 5% for
beetles and spiders based on the CV caused by the Smith-Wilson
evenness. Shown are the values for each of the 3 years of inves-
tigation and for each sample site.

an LOP between 60 and 100% for habitat specialists.
On average, CV-values are very high (Table 2; mean:
1.119).

3.2. Community parameters

CV values for the two tested community parameters
(richness and evenness) were distinctly smaller than
those for mean numbers of individuals (Table 2). For
an LOP of 5%, the RSS for both richness and even-
ness varies considerably within sampling sites, sam-
pling years and taxonomic groups (Fig. 2). Despite
this spatial and temporal variability, values for RSS
were most often between 15 and 25 for an LOP of
5%. For all three taxonomic groups, RSS increases ex-
ponentially with LOP for both richness and evenness
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Fig. 3. Relation between LOP and mean RSS for beetles, cara-
bids only and spiders on the basis of species richness (a) and
Smith-Wilson evenness (b). Inset: enlarged plots for a range of
the LOP between 5 and 10%.

(Fig. 3). Whereas the plots for beetles and spider are
nearly identical, carabids alone need a considerably
higher RSS to reach the same LOP. In general, higher
sample sizes were required for assessments on the ba-
sis of species richness than on the basis of evenness
values.

4. Discussion

A procedure was tested to describe the LOP-RSS
relation for abundances of selected (indicator) species
and for two community parameters. The calculation
used (Eq. (3)) allows to estimate the RSS necessary to
obtain a specified LOP for one (!) mean of a parame-
ter (here: numbers of individuals sampled, richness or
evenness) or to assess the quality of sampled data for
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a given sample size. The data analysed in this study
are the result of a 3-year study of sites subjected to
different management regimes.

Strictly speaking, for such cases a more compli-
cated calculation procedure should be applied to com-
pare two or more means of a parameter (Motulsky,
1995). Beside the estimated standard deviation (s) and
the minimum difference (d) between means of the pa-
rameter in question, the power index (zo + zp)? has
to be considered for this formula, with « as the prob-
ability of a type I error and 8 as the probability of a
type II error (compare Krebs, 1999). However, from
two reasons this procedure is hard to apply for field
data. First, the procedure aims on the RSS necessary
to detect a priori significant differences (with a given
probability) between two means of a parameter (and
to test its significance, e.g., by a Student’s test). In
studies like the one presented here it is not the prior-
ity to calculate the sample size that is needed to find
significant differences at any cost, but to perform a
cost (RSS)-benefit (LOP) analysis. To plan field stud-
ies like the one shown in this paper it is most impor-
tant to have a rough idea about the quality of results
(means of parameters) for a given sample size or to
estimate the RSS needed for a given LOP. Second,
the procedure explained above assumes that the two
data sets have nearly equal standard deviations for the
parameter in question, a condition hardly fulfilled for
most field studies. As shown in Fig. 2, in most cases
the temporal variability of the CVs within sites was
higher than the spatial variability between sites. Hence
it was regarded as sufficient to use Eq. (3) knowing
that this procedure is not a precise calculation but a
rough estimation of the LOP-RSS relation.

The results show significant differences in the
LOP-RSS relations for species and community pa-
rameters. For mean numbers of individuals, affordable
sample sizes between 10 and 30 cause low values of
LOP, whereas for community parameters the same
sample sizes would give clearly higher LOP values.
For instance, if at a sample size of 10 five individuals
of Oodes helopioides were caught at site B1, a mean
LOP of 60% has to be accepted (see Fig. 1). This
translates to a mean value of 5 + 3 individuals. In
contrast, the mean evenness for site B1 is 0.46, and
the same sample size produces an LOP of about 7%,
resulting in a much more precise evenness value of
0.46 £+ 0.03.

Furthermore, the procedure presented herein can
be helpful for the selection of trustworthy indicator
species. Beside a high degree of habitat preference
(or preference to specific conditions) a good indicator
species should have a low CV for the mean number of
individuals per site to allow an LOP as high as possi-
ble. The demonstrated procedure could function as a
tool to select the best candidates from a pool of po-
tential indicator species and would therefore comple-
ment the well-established TWINSPAN-analysis (Hill,
1979) or the newer and more efficient Indicator Value
method after Dufrene and Legendre (1997). Occasion-
ally, generalists of agricultural habitats (quantitative
indicators; see above) were used as management in-
tensity indicators (Biichs et al., 1999). In this study,
the two generalists P. melanarius and Bembidion ob-
tusum have indeed lower CV values than the habitat
specialists and therefore a more favourable LOP-RSS
relation (Fig. 1). This underlines the importance of
generalists as indicator species (e.g., in the context of
changes in land use) due to their better pattern of vari-
ance.

For the two analysed community parameters, three
points seem to be worth of mention. First, species
richness possesses a more unfavourable LOP-RSS re-
lation than the Smith-Wilson evenness (Fig. 3). This
means, e.g., that at a given sample size of 10, the LOP
for mean evenness of beetles and spiders was as low
as 7%, whereas the LOP for the species richness of
the same groups was about 9%. This demonstrates the
usefulness of this parameter for purposes of indication.
As a detailed analysis of the data set demonstrated
(Perner and Malt, 2003), the differences of evenness
between the sites were precise enough to allow the dis-
crimination of four sufficiently homogeneous subsets
of sites. Currently the relation between productivity
and evenness of a community (as one component of
diversity) is under intensive (and controversial) dis-
cussion (e.g., Drobner et al., 1998; Wilsey and Potvin,
2000). In this context, a trustworthy estimation of
the evenness parameter seems to be of particular
importance.

Second, Fig. 3 shows approximately the same
LOP-RSS relations for beetles and spiders, which
makes both groups equally suitable as indicators
when regarding their patterns of variance. Third, the
more unfavourable LOP-RSS relation for carabids
alone in comparison to beetles as a whole or spiders



Habilitationsschrift - J.Perner

24

J. Perner/Agriculture, Ecosystems and Environment 98 (2003) 125-132 131

was unexpected (for the same LOP higher sample
sizes needed!). In the light of these results, a sam-
ple size of about 15 would be necessary to obtain a
mean species richness or evenness estimation with a
precision of 10% if solely carabids would be used for
indication. Consequently, sample sizes of about 5, as
often used in practice for carabids, should be carefully
evaluated.

5. Conclusions

The procedure tested herein allows a rough esti-
mation of the LOP-RSS relation and is therefore a
suitable tool to assess the quality of sampled data
for a given sample size or to estimate the RSS for a
given confidence level (LOP), e.g., in the context of
preliminary investigations. The equation used is ap-
plicable for abundances of indicator species only as
well as for community parameters. It could be demon-
strated, that LOP-RSS relations are significantly bet-
ter at the community level (richness, evenness) than
at the species level (mean number of individuals). As
a rule of thumb, RSS for LOP values of 3, 10, 25 and
50% are given for both species and community pa-
rameters in Table 3.

From the view of variance, the results recommend
the utilization of community parameters to assess
changes in agricultural land use. Furthermore, the
procedure can be used as a tool for the selection of
trustworthy indicator species from a pool of poten-
tially usable species.

Table 3
Rules of thumb for RSSs corresponding with precision levels
(LOP) of 5, 10, 25 and 50% for species and community parameters?

LOP (%) RSSs

5 10 25 50
Species level (habitat  250-1000 50-250  10-50 3-10
generalists)
Species level (habitat ~ 1000-5000 250-1000 50-250 10-50
specialists)

Community parameters 15-60 5-15 12 -

? Shown are the values for mean numbers of individuals for
habitat generalists (as examples for quantitative indicators) and
habitat specialists (examples for qualitative indicators) and for the
two community parameters species richness and Smith—Wilson
evenness.
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Estimating the density of ground-dwelling arthropods with
pitfall traps using a nested-cross array
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Summary

1. A new procedure for estimating the population densities of ground-dwelling arthro-
pods with pitfall trapping is described. It couples the fitting of single hyperbolic func-
tions to trap data with the use of a ‘nested-cross array’, a cross-shaped trap arrangement
with distances between traps doubling with increasing distance from the central trap.
2. We used individual-based simulation modelling to test the method’s reliability given
changes in population density, turning rate, trapping period, beetle distribution and
intertrap distance.

3. Simulations show that function fits are more likely, and density estimates more accur-
ate, with greater body size and therefore with net displacement, increasing population
density, decreasing aggregation and increased turning rate.

4. Simulation indicates that the method is a promising procedure for density estimation
that is worth testing in the field. Reliable density estimates are possible if the traps con-
tain a neutral preservative, arrays are established in nearly homogeneous parts of habitat
and the arms of the nested-cross array are distant from habitat edges.

Key-words: density estimation, hyperbolic function fit, pitfall trapping, simulation

modelling, trap pattern.
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Introduction

Pitfall trapping is a standard method for collecting
ground-dwelling arthropods (Dent & Walton 1997;
Ekschmitt, Wolters & Weber 1997) but the numbers
trapped depend not only on the population density of a
species but also on its locomotory activity, as well as on
other factors (Luff 1975; Adis 1979; Topping & Sunderland
1992; Spence & Niemeld 1994). Therefore, numbers
caught do not allow direct estimation of population
density but only of activity-density (Thiele 1977). If
standardized sampling procedures are used, pitfall
trapping yields results that can be compared between
species (relative differences) sufficient for most studies
of differences in population size or community structure
in time or space (e.g. Duelli, Obrist & Schmatz 1999).
However, for some approaches (e.g. pest control or
population viability analyses in nature conservation)
estimation of true density is indispensable and requires
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removal sampling, suction sampling, emergence traps or
litter and soil extraction techniques (e.g. Dent & Walton
1997; Ekschmitt, Wolters & Weber 1997; Southwood
& Henderson 2000). The major drawbacks of these
methods are their difficulty and expense, which often
result in their allowing only small sample sizes. Indirect
estimation of the density of ground-dwelling arthropods
using pitfall traps is possible using several sampling
designs and mathematical models (Sunderland et al. 1995;
Powell, Walton & Jervis 1996; Southwood & Henderson
2000). The most popular and widely used of these require
mark-recapture or removal-sampling data and traps
on grids (Crist & Wiens 1995; Raworth & Choi 2001;
Parmenter et al. 2003) or trapping webs in combina-
tion with distance measure analysis (Parmenter,
MacMahon & Anderson 1989; Parmenter et al. 2003).
They are thus very time-consuming and often sensitive
to violations of their basic assumptions (e.g. demographic
closure, stability of animal movement, probability of
capture or recapture and home-range behaviour; see
Seber 1986; Schumacher, Klingelhéfer & Poethke 2000;
Parmenter et al. 2003). Other methods of density esti-
mation from pitfall trap data, as yet scarce in the
literature, require movement parameters to be known
(Fechtner 1977; Kuschka, Lehmann & Meyer 1987;
Stoyan & Kuschka 2001). These parameters must be
estimated beforehand for all species under study but
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(b) Trapping area, trap distance and ‘depletion effect’

(a) Nested-cross array
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Fig. 1. Diagram to illustrate the coupling of nested-cross sampling outcome with the hyperbolic function parameters. (a) Nested-
cross array with intertrap distances doubling from the centre to the periphery (drawn not true to scale). (b) Schematic presentation
of specific trapping area (solid line) and the overlap between areas sampled by neighbouring traps (shaded region). Circles around
the traps (dotted lines) indicate the different effective trapping areas that may exist for different species. (c) Plot of sample
simulation results with the nested-cross array (empty circles; initial trap distance of 0-5 m used). All values mean numbers of
individuals of the four traps equidistant from the centre except for values from the single central trap. The solid line illustrates the
fitted hyperbolic function and the meaning of both function parameters a and b.

their accuracy is influenced strongly by the recapture
rates of the individuals investigated and the procedures
are very time-consuming (Samietz & Berger 1997).

To remedy these problems we developed a new
sampling design to estimate population densities that is
easy to use, and evaluated its reliability using simulations.
We call this design the nested-cross array, as it is charac-
terized by pitfall traps arranged in an equal armed
cross in which the distances between traps double
from the centre to the periphery (Fig. 1a). The effi-
ciency of this design is based on the known increase in
trapping efficiency with increasing intertrap distances
(‘depletion effect’, e.g. Luff 1975; Adis 1979; Digweed
et al. 1995; Kuschka 1998). We were also inspired by
the nested plot sampling schemes introduced by plant
ecologists to determine optimal plot size or detect vegeta-
tion pattern (e.g. Podani 1984; Barkman 1989).

To examine the efficiency of the nested-cross array
we developed simulation models similar to those of
Crist & Wiens (1995), who coupled mark-recapture
field studies of darkling beetles with simulation model-
ling to determine how habitat-specific movements
of individuals influenced pitfall trap capture rates and
hence estimates of population size. We simulated a
small and a large arthropod of carabid beetle type mov-
ing in a square arena containing the nested-cross array

to show the effect on density estimation of the parameters
(i) population density, (ii) turning-rate, (iii) trapping
period, (iv) beetle distribution and (v) intertrap distance.

Materials and methods

DENSITY ESTIMATION PROCEDURE

Our approach to estimate the density of ground dwell-
ing arthropods is based on the simple formula:

D=— eqn 1

where D is the animal density, N the number of captured
animals (activity density) and A the area from which
animals are trapped (within the effective trap radius).
Provided the habitat is nearly homogeneous, the trap-
ping area can be conceived of asa circle around the trap
the radius of which differs between species depending
on their body size, activity and turning rate (Fig. 1b).
The nested-cross array design allows an estimate of
effective trap radius because traps interfere with each
other, in that each can trap animals that might have been
caught in a neighbouring trap (shaded area in Fig. 1b).
However, interference falls as intertrap distance increases
(see trap areas of the right-hand trapin Fig. 1b). Therefore,
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capture rates should increase with increasing distance
between traps, reaching an asymptote when traps are
no longer close enough to interfere with each other
(Fig. 1c). The number of animals caught (y) as a func-
tion of pitfall trap distance from the centre of the nested-
cross (x) can be fitted by a single hyperbolic function,
known as the saturation function, or Michealis-Menten-
model (Fig. 1c):

_(axx)
)

eqn 2

This function provides the parameter @ which represents
the estimated asymptote of the y-axis and the para-
meter b which describe the value of the x-axis, where half
of a is reached (Fig. 1c). Therefore, with b we have a
parameter (the radius) to estimate 4 and with a/2 we
have an estimate of N at b. Both should allow a density
estimate (D) of real density (D) with:

(al2)  a
TXb: 21 x b

eqn 3

SIMULATION MODEL AND NESTED-CROSS
ARRAY

Our simulated carabid beetles were animated with
correlated random walks (Kareiva & Shigesada 1983)
with, as parameters, the mean distance moved per time
step, the variances in distance per time step, turning rate
(as defined below) and the number of time steps per day.

We generated the distances moved per time step
using an erlang distribution, a subset of the gamma dis-
tribution, as for other observed and simulated move-
ment data (e.g. McCulloch & Cain 1989; Crist et al. 1992).
The erlang distribution provides high frequencies of
short steps but also includes a proportion of long steps.

The beetles’ turning rate was determined at each
time step using a three-stage procedure (Kunert,
Montag & Pohlmann 2001). First we divided the circle
of possible movement into a varying number of equal
segments, and secondly selected one of these following
abinomial distribution symmetrical around 180° (straight
ahead) of events between segments. Then, thirdly, we
simulated a random direction within the selected seg-
ment. Thus, with two segments (0—180° and 180-360°),
the number of events is equal between segments and
so a right or left turn is equally likely. As the direction
chosen within each of the two segments is random, the
distribution of possible turnsis equal around the entire
circle and all directions are equally likely. However, as
the number of segments is increased, the binomial
distribution increasingly resembles a discrete Gaussian
(normal) distribution with a central peak (Kunert, Montag
& Pohlmann 2001) and therefore turns into segments
near 180° are more likely than others. Random choices
of direction within these narrow segments alter the
distribution very little, so directions close to 180° are
much more probable. Following this procedure with

Table 1. Standard simulation parameters and the resulting
net displacement per day used for both beetle types

Pterostichus-  Bembidion-
Model parameters type type
Used time intervals (s) 8 18
Mean distance moved per 0-08 0-02
time step (m timestep™)
Variance in distances per 0-64 0-04
time step
Number of time steps per day 3000 3000
Displacement per day (m) 67 17

just two segments therefore approximates a random
walk, but as the number of segments increases up to
nine (0-40°, 40-80°, ..., 320-360°) the walk becomes
straighter. The number of segments thus determines
movement pattern because it is correlated negatively
with turning rate and we therefore use ‘number of
segments’ as our measure of turning rate.

All beetles walked until they fell into a trap or until
the chosen number of days was past. The number of
time steps during each simulated day was selected to
provide the finest spatial resolution of the simulated
pathway and to match the activity patterns of real
species. We therefore used short time intervals (Table 1)
as this reproduces capture performance realistically
(Crist et al. 1992; Crist & Wiens 1995), and estimated
mean daily activity periods from those of published
studies (Greenslade 1963).

Because catch rates are determined by organism
characteristics we simulated two contrasting beetle types,
one a large type based on the carabid species Pteros-
tichus melanarius (1., 1798) (length ~15 mm) and the
other a small type based on Bembidion obtusum Serv.,
1821 (length ~3 mm), both very abundant in Thuringian
farmlands (Perner & Malt 2002). Because P. melanarius
is one of the most commonly studied carabids, a large
amount of empirical data are available for it (e.g. Ericson
1978; Ericson 1979; Wallin & Ekbom 1988; Lys &
Nentwig 1991; Lys & Nentwig 1992; Thomas, Parkinson
& Marshall 1998). The mean daily net displacement,
the straight distance between the position of a beetle on
two consecutive days, ranges between 2 m (heterogene-
ous farmland) and 16 m (crop fields). No similar data
are available for B. obtusum, so we parameterized our
model with data for B. lampros (Hbst. 1784) that has
an empirically determined daily net displacement of 1—
3 m (Klazenga & de Vries 1994).

To identify reasonable parameters we conducted a
preliminary simulation where we checked the combi-
nations of parameters in which the mean distance per
time step ranged from 2 to 10 cm, turning rate between
1 and 15 classes, number of time steps per day was
increased from 2000 to 6000 and the variance of the
mean distance per time step ranged from 4 to 100 cm
while keeping the other parameters constant. Further-
more, we tested different field sizes to avoid edge effects
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between the nested-cross array and the border of the
simulated field. The resulting daily net displacements
of the simulations were compared with the data from
the above-named field studies and we selected, as
standard, parameters intermediate between those for
heterogeneous and homogeneous habitats because
these are likely to be appropriate for grassland habitats
(Table 1). We simulated an area of 150 x 150m because
it allows the simulation of densities comparable with
real densities, and prevents interactions between the
traps and the area edge. The nested-cross array (Fig. 1a)
was established in the centre of this square and simulated
beetles were released singly at random points in the area.

We assumed that an infinite field with the same den-
sity of beetles surrounded the simulated area. There-
fore, the probability of leaving the area equals that of
entering and animals leaving the area of the simulation
are immediately compensated for by an equal number
entering it. Thus, whenever a beetle left the area,
another was released at a randomly chosen edge posi-
tion randomly directed into the field. This procedure
removes the need to simulate on a toroidal surface and
more resembles what happens in the field.

SIMULATION PROTOCOL AND ERROR
ESTIMATION

To verify how changes in population and model para-
meters affect simulated capture results and density esti-
mates, we tested different parameter constellations for
both beetle types (Table 2). We defined parameter
constellation B (the most naturalistic constellation) as
the standard set and varied each of the parameters in
sequence to determine model sensitivity (Table 2). All
parameter constellations were repeated 30 times except
that because beetle densities of 0-1 m™ produced highly
variable simulated capture results, we increased the
number of runs to 100 at this density to stabilize vari-
ances. However, high beetle densities of 10 m™2produced
low variances and we were therefore able to economize
substantially on computer time by decreasing the number
of runs to 10. We tested three different movement pat-
terns of model beetles by varying the turning rate from
a pure random walk to a straight walk, and we tested
the effect of trapping period. We also examined the

effect of beetle population structure by simulating
aggregated, random and homogeneous distributions.
Aggregated distributions were created by starting 15
beetles together on a randomly selected 5 m? square
within the simulated field, and random distributions by
starting each beetle at a randomly chosen pair of coor-
dinates within the area. Homogeneous distributions
were initialized by dividing the entire field into small
squares sized so as to produce the required final density
of beetles and releasing one beetle at a random position
within each square. We also investigated the effect of
intertrap distances by using distances between the cen-
tral and the first traps of 0-2,0-5and 0-8 m (Table 2 and
Table 3).

Before fitting single hyperbolic functions to the data
observed we first took the average of the four traps at
equal successive distances from the centre. This proce-
dure was necessitated by the array design because there
is only one central trap, but four at all other intertrap
distances from the centre. Therefore, to equalize the
weight with which intertrap distances are represented
in function fitting, values for non-central traps were
averaged within intertrap distances. Curve fitting was
carried out in SigmaPlot (2001) but, to avoid solutions
outside the range of the x-axis, we constrained param-
eter b (see eqn 2) to lie between the initial trap distance
(e.g. 0-5 m) and the distance of the furthest trap from
the origin (e.g. 31-5 m). We calculated the mean cap-
ture rate (in %) and the coefficient of variation (CV)
of the calculated capture rate (see Table 4). Further-
more, we derived three measures of accuracy for each
constellation of parameter values. The first of these
was the proportion of runs for which functions could
be fitted and the second was the variance (with percen-
tiles) of the values given by successful fits. The third
measure was the proportional deviation of D (density
estimate) from D (real density in model) calculated as
percentage accuracy (PA):

PA=(|D+DIJXIOO eqn 4

which enabled us to calculate a mean (median) percent-
age accuracy per simulation variant. Please note that
low values indicate a high degree of accuracy.

Table 2. Simulation parameters used for both model beetles Pterostichus-type and Bembidion-type. Variant B was used as
standard parameter set (bold type) and the simulation sets indicated as variants A and C are based on the parameter set of B except
for changes in sequence in beetle density, turning rate, length of trapping period, beetle distribution or initial trap distance of the
nested-cross array. Number of simulation runs given by superscript numbers: 1 = 100; 2 = 30; 3 =10

Varied population and model parameters Variant A Variant B Variant C

Beetle density (m™) 01! 1-0° 10-0°

Turning rate Pure random walk? Intermediate walk® Straight walk- dominated?
(no. of segments) (€8] ®) )

Length of trapping period 4 days® 7 days? 14 days?

Beetle distribution Aggregated® Random® Homogeneous®

Initial trap distance in nested-cross array (m) 0-2? 0-5? 0-8?
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Table 3. Arrangements of nested-cross arrays with three
different initial trap distances

Initial trap distance (m)

0-2 0-5 0-8

to the real density (dotted lines in Fig. 2a—c). However,
the variance of estimates decreased with increasing
model density and was always substantially lower for
the large (Pterostichus) than for the small (Bembidion)
beetle type. The greatest proportional deviation from
the model density occurred for the Bembidion type at

No. of traps Distance from origin 0-1 m™ and the least for this type at 10-0 m™. For both
beetle types the mean percentage accuracy lay between
i 0 o 0g  96%and 17% (Table )
4 06 15 24 To evaluate the effects of various model and popu-
4 1-4 3.5 5-6 lation parameters on the accuracy of the estimates, a
4 30 75 12:0 density of 1-0 m™ was used for the following simulations
4 62 155 24-8 (Table 2, Fig. 3). A low turning rate overestimated den-
3 ZZ 31'5 50'4 sity, an increase of spread and a considerable decrease
of accuracy compared with the intermediate turning
rates for both beetle types. The mean density estimates
obtained from simulation with high turning rates over-
estimated densities of Bembidion-type, underestimated
Results Pterostichus-type densities slightly more and were also

No function fit, and therefore no density estimation,
occurred only in some runs with a density of 0-1 m™
(Bembidion-type: 11 of 100 runs, Pterostichus-type: nine
of 100 runs, Table 4). In all circumstances, estimated
densities of both beetle types (Bembidion- and Pterostichus-

less accurate compared with those estimated with inter-
mediate turning rates (Fig. 3a, Table 4). For both turn-
ing rate variations, there was a comparable increase of
runs for which no fits were possible (67 runs) for only
the Bembidion-type (Table 4). A trapping period longer
or shorter than 7 days reduced estimation accuracy and

type) (Fig. 2) tended to be underestimated in comparison increased the number of runs for which no function fits

Table 4. Mean (median) percentage accuracy of density estimate (low values indicate a high degree of accuracy), percentage of
runs for which fits were possible and mean capture rate (%) with the mean coefficient of variation (CV) for the different sets of
simulation parameters (compare with Table 2)

Bembidion-type Pterostichus-type

Population and

model parameters Variant A Variant B Variant C Variant A Variant B Variant C
Beetle density 0-1 1-0 10-0 01 1-0 10-0
Mean accuracy (%o) 96 44 17 69 30 24
Possible fits (%0) 89 100 100 91 100 100
Mean capture rate (%) 0-58 0-60 0-60 3-47 3-50 3-50
with mean CV 29-2 6:0 2-5 10-8 32 11
Turning rate Random Intermediate  Straight Random Intermediate  Straight
Mean accuracy (%) 79 See 113 53 See 124
Possible fits (%) 77 above 80 100 above 100
Mean capture rate (%) 0-37 (var. B) 0-85 2-49 (var. B) 4-4
with mean CV 10-04 82 35 36
Length of trapping 4 7 14 4 7 14
period (days)
Mean accuracy (%)23 62 See 59 29 See 23
Possible fits (%) 77 above 97 100 above 100
Mean capture rate (%) 0-38 (var. B) 1.07 2:25 (var. B) 612
with mean CV 10-3 9-1 41 2:5
Beetle distribution Aggregated  Random Homogeneous  Aggregated Random Homogeneous
Mean accuracy (%) 80 See 35 36 See 32
Possible fits (%) 90 above 100 100 above 100
Mean capture rate (%) 0-65 (var. B) 0-60 3-67 (var. B) 3-55
with mean CV 15-6 89 59 2-8
" Initial trap distance (m) 0-2 0-5 0-8 0-2 0-5 0-8
g;?g;?:tslﬂlie ty, Mean accuracy (%) 57 See 80 48 See 41
Journal of Anima l, Possible fits (%) 100 above 70 100 above 100
Mean capture rate (%) 0-56 (var. B) 0-66 3-18 (var. B) 402
Ecology, 73, with mean CV 98 69 36 29
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beetle distribution or (d) the initial trap distance of nested-cross array were varied. Box-plot indication: boxes, median with the
25 and 75 percentiles; whiskers, 10 and 90 percentle; points, 5 and 95 percentile.

were possible for the Bembidion-type. For the Pterostichus-
type estimation accuracy is scarcely affected by the varia-
tion in trapping period, but the most precise density
estimates were produced with a period of 4 days (Fig. 3b,
Table 4). The initial distribution in simulations did not
affect greatly the accuracy of density estimates except
for aggregated Bembidion-type where the spread and
error rate were nearly doubled (Fig. 3c, Table 4). A

shorter initial trap distance reduced the estimate accur-
acy considerably for both beetle-types but lessened the
spread in estimates for the Bembidion-type. However, a
longer trap distance caused an overestimation of dens-
ity for both beetle types and increased in particular
the spread, the estimation error and the number of
cases, for which no function fits were possible for the
Bembidion-type.
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Discussion

Our technique produces, in general, considerably more
accurate density estimates for the large compared with
the small beetle type. This pattern probably arises
because the large Pterostichus-type has a larger displace-
ment than the small Bembidion-type (Table 1), and the
mean capture rate (probability) increases with beetle
displacement (Table 4) that, in turn, increases the accur-
acy of estimation (Parmenter, MacMahon & Anderson
1989; Crist & Wiens 1995). With higher animal density,
the accuracy of density estimates also increases for
both beetle types (Table 4). Whereas the mean capture
rate remains nearly unaffected by increasing beetle
density for both types, the relevant mean coefficient of
variation (CV) of the capture rate decreases consider-
ably, which increases the accuracy of estimate. The simu-
lated beetle densities of 0-1, 1-0 and 10 m™ fall within
the range of empirical estimates of beetle densities in
different open habitats. This was underpinned by a large
number of studies using a variety of techniques for the
Bembidion-type (here B. obtusum; Desender 1986; Brenoe
1987; Hance 1992; Kennedy 1994) and in particular for
the Pterostichus-type (here P. melanarius, e.g. Ericson
1977; Desender 1986; Purvis & Fadl 1996; Thomas,
Parkinson & Marshall 1998).

The best density estimates were obtained by using an
intermediate turning rate (Table 4, Fig. 3a). In nature,
the movement behaviour of ground-dwelling arthro-
pods, especially of carabids, may vary with season or with
time of day (Greenslade 1963; Baars 1979; Rijnsdorp
1980; Johnson ef al. 1992). During the main activity
period the intermediate or nearly random walk pattern
seems to be the dominant movement pattern (Kareiva
& Shigesada 1983; McCulloch & Cain 1989). However,
the straight walk-dominated pattern may occur at the
beginning and end of the season (e.g. looking for over
wintering places) or in the context of dispersal activities
(Rijnsdorp 1980; Swingland & Greenwood 1984; Wallin
& Ekbom 1988). Also, habitat-specific movement patterns
seem to be possible and may influence the capture rates
in the field (Crist & Wiens 1995; Melbourne 1999).

It is widely accepted that the spatial distribution
pattern of ground-dwelling arthropods in farmlands is
linked to the heterogeneity of a number of environ-
mental factors. These include physical factors (e.g. soil type,
pH and moisture, microclimate), vegetation structure
and composition (e.g. cover, height) and prey distribu-
tion, as well as the type and quality of adjacent habitats
(Thiele 1977; Dennis, Young & Gordon 1998; Holland,
Perry & Winder 1999; Thomas et al. 2001; Maudsley,
Seeley & Lewis 2002). Pitfall trapping success is affected
considerably by arthropod distribution pattern (e.g.
Thomas et al. 1998), but our method was stable to dis-
tribution changes. Divergence was greatest with the
aggregated distribution. Our aggregation method used
in simulation produced moderately clumped patterns,
and undoubtedly stronger aggregation would reduce
much more the accuracy of density estimation.

Theeffects of different initial trap distances with more
accurate estimates for large beetles at large distances
and for small beetles at small distances confirm the
relationships known between animal movement, cap-
ture probability and trap array geometry (Parmenter,
MacMahon & Anderson 1989; Crist & Wiens 1995;
Parmenter et al. 2003). Therefore, we conclude that the
initial trap distance used should be determined from
the characteristics of the ‘target’ species. Studies focus-
ing on species smaller (or with a lower displacement)
than the Bembidion-type should use an initial trap dis-
tance lower than 0-5 m and studies on large arthropods
should use greater than this value. This point is con-
nected with another noteworthy fact. The probability
of capturing any individual in a given trap increases
with distance from the centre of the nested-cross due to
trap interference; however, the probability that a given
individual will be captured in any trap actually decreases
from the centre to the periphery because of the decreas-
ing trap density. To discuss this last point, which is the
basis of the point estimators in distance sampling
methods such as trapping webs, we presented the dif-
ferent capture rates calculated on the basis of stepwise
enlargements of the circular area around the central
trap of the nested-cross and the cumulative catches of
the included traps (Fig. 4). We have called this para-
meter ‘local capture rate’ to distinguish this value
from the capture rate calculated in Table 4 based on all
beetles released in the simulated field. A strong decrease
following an exponential decay function of the local
capture rate could be observed for both beetle types.
Whereas for the Pterostichus-type a capture rate below
100% was not reached until a radius of 23-5 m, for the

Distance from centre of the nested-cross (m)
1-0 25 55 11,5 235 475

1000

Y

1 L
10° 10! 10? 10° 10*
Log circular area (m?)

Log of local capture rate (%)

Fig. 4. Changes of local capture rate depending on increasing
distance from the centre to the periphery of the nested-cross
array. As an example, the parameter set B (see Table 4) is
presented (circles: Pterostichus-type; diamonds: Bembidion-
type). The calculations are based on stepwise enlargement of
the central area of the nested-cross and the cumulative catches
of the traps so included. The starting radius is 1 m (which
includes the central trap and the four traps which are 0-5 m
from the centre) with the increments thereafter equal to the
distances from the centre to points halfway between the traps.
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Bembidion-type this was already observed with a radius
of 5-5 m, indicating the differences in the effective trap-
ping area of the whole nested-cross between the both
tested beetle types. Furthermore, this figure illustrates
that in the direct surroundings of the nested-cross
a mean decrease of population density of about 2%
(for the small Bembidion-type) up to 11% (for the large
Pterostichus-type) is to be expected if working with
removal sampling or trapping preservatives.

Some trapping preservatives (e.g. formaldehyde solu-
tion) attract (or repel) arthropods (Waage 1985;
Holopainen & Varis 1986; Topping & Luff 1995; Kuschka
1998). If such preservatives are used, we expect effects
that may overlie the general shape of the sampling
pattern (see Fig. 1¢). In particular, the concentration of
the traps in the centre of the nested-cross array would
cause a proportionally greater attractive (or repellent)
effect for ground-dwelling arthropods than the traps at
the periphery and this will change the capture function
considerably. Therefore, nearly neutral capture pre-
servative (e.g. salt solution) should be used for field
applications.

Our nested-cross array is a promising technique for
density estimation of ground-dwelling arthropods,
although it needs to be evaluated in the field. Compared
with methods based on mark-recapture techniques the
nested-cross array is a time-saving alternative (sampling
periods of only 4-7 days are sufficient) that further-
more allows simultaneous density estimation for sev-
eral target species and is also applicable for very small
species, where labelling procedures are not practical. If
a fit of the data sampled in the field is possible with the
hyperbolic function, reliable estimates can be derived.
The accuracy of density estimates and the probability
that function fits match increase with body size, or
rather net displacement, of ground-dwelling arthropods,
increasing population density, a more random or
intermediate movement pattern and more random or
homogeneous spatial and temporal distribution patterns
of target species.

On condition that the nested-cross arrays are used
during a period where the target species are active and
that the traps are filled with neutral preservative, the
arrays are established in nearly homogeneous parts of
the habitat under study and the arms of the nested-cross
are distant enough from edge structures, we believe that
this method has great potential for time-saving moni-
toring of ground-dwelling arthropods in agriculture or
nature conservation.
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Abstract

An ecological indicator approach was used to examine the effects of changing agricultural land use on vegetation and
ground-dwelling spider and beetle assemblages. An arable land site (control) and six differently managed grassland sites
(with different time since conversion from arable land or time of current management) were comparatively investigated in a
3-year study. Whereas species richness increased with decreasing management impact for plants and spiders, the Camargo’s
evenness (E') index increased for all three examined assemblages. This suggests a very trustworthy community parameter for
ecological indication studies. Differences did occur between the vegetation and the invertebrate groups in the assessment of
the grassland sites. Ordination analysis indicated a much better separation of the different sites based on the invertebrate data
than is possible on the basis of the vegetation data. These considerable differences were attributable to the short reaction time
of these groups to changes in land use: ground-dwelling spiders and beetles mainly respond to changes in the microclimate and
the soil-moisture. Efficient indication of restoration management is therefore possible after 3—5 years. Vegetation assemblages
appeared as less powerful indicators of short-term restoration processes. We suggest that vegetation monitoring be used as a
more powerful long-term approach but that it should be coupled with (short-term and sensitive) invertebrate monitoring (e.g.
ground-dwelling spiders and beetles) especially at the beginning of the agricultural restoration processes.
© 2003 Elsevier Science B.V. All rights reserved.

Keywords: Araneae; Biodiversity; Bioindication; Coleoptera; Evenness; Agricultural land use changes; Restoration ecology; Species richness;
Vegetation

1. Introduction

Changes in land use, habitat fragmentation, nutri-
ent enrichment, and environmental stress often affect
species diversity in ecosystems (Chapin et al., 1997,

* Corresponding author. Tel.: +49-3641-949421;
fax: +49-3641-949402.
E-mail addresses: bjp@rz.uni-jena.de (J. Perner), smalt@zalf.de
(S. Malt).

U Tel.: +49-33432-82146/82245; fax: +49-33432-82387.

Vitousek et al., 1997). van der Putten et al. (2000)
pointed out that, at both local and regional scales, land
use changes are among the most immediate drivers
of species diversity. Furthermore, they explained that
one of the possible ways of counteracting the loss of
biodiversity resulting from agricultural intensification
during the last decades might be to reduce land use
intensity. Duelli (1997) also mentioned that intensive
agricultural management has led to an alarming level
of ‘ecological degradation’ and that a less intensive
land use could have two different effects. On the

0167-8809/$ - see front matter © 2003 Elsevier Science B.V. All rights reserved.
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one hand, less intensive managed agricultural areas
enrich regional species diversity while, at the same
time those same areas could have a positive effect
on beneficial arthropods by providing habitats after
crop harvest or for hibernation. Goedmakers (1989)
refers to the need to reduce overproduction and also
to diminish agricultural pollution within the European
Union from an economic perspective. Furthermore,
Goedmakers points out that changing agricultural
land into conservation areas increase substantially the
ecological potential of the rural environment, as mea-
sured by species diversity or the presence of indicator
species.

Bioindication has tended to be used somewhat
“...loosely and has been adopted in a broad range
of contexts, including the indication of habitat alter-
ation, destruction, contamination and rehabilitation,
vegetation succession, climate change and species
diversity...” (McGeoch, 1998). More recently, the
term and its many synonyms has been reclassified
into three categories: (i) environmental indicators that
reflect the biotic or abiotic state of an environment;
(ii) ecological indicators that reveal evidence for, or
the impacts of, environmental change; (iii) biodiver-
sity indicators that specifically indicate the diversity
of species, taxa, or entire communities within an area
(McGeoch, 1998; Lawton and Gaston, 2001). Fol-
lowing this classification any attempt to identify the
effects of changing agricultural land use on biotic
systems should focus on ecological indicators defined
as characteristic taxa or assemblages “. .. sensitive to
identified environmental stress factors on biota, and
whose response is representative of the response of at
least a subset of other taxa present in the habitat...”
(McGeoch, 1998).

Plants and plant communities are frequently used
groups in ecological bioindication and monitor-
ing (=repeated application of bioindicators; see
McGeoch, 1998) studies, however inventories of an-
imal taxa are often missing or at least reduced to
vertebrate groups (e.g. birds), because of the high
effort involved in investigation. There is, however,
increasing evidence that invertebrates or invertebrate
assemblages provide a good indication of changing
environment (e.g. Majer and Nichols, 1998; Wheater
et al., 2000; Andersen et al., 2001).

Using McGeoch’s (1998) concept of ecological
indicators we investigated agricultural land that had

experienced a range of use and different times since
conversion from arable land or time of current man-
agement. Studies were made from 1996 to 1999 in
the Unstrut river floodplain region of Thuringia, Ger-
many. To assess the effects of changing land use on
different trophic levels as well as carrying out veg-
etation analysis we also investigated the spatial and
temporal patterns of spiders (carnivorous) and beetles
(carnivorous, detritivorous and herbivorous) in the
community. Furthermore, the groundwater dynamics,
nutrient balances, soil characteristics and microcli-
mates of different sites were analysed. This paper
aims to answer the following questions: (i) Do the two
components of species diversity (richness and even-
ness) increase with decreasing management intensity
within all three tested indicator groups? (ii) Are there
differences in reaction time and sensitivity to chang-
ing agricultural land use between the investigated
assemblages?

2. Material and methods
2.1. Study sites

The research area was located in the middle Un-
strut floodplain, situated in the Thuringian basin (Ger-
many) with annual average temperature of 9.6 °C and
precipitation of <500 mm.

We investigated an arable land site (as control)
and six different managed grassland sites (with dif-
ferent time since conversion from arable land or
time of current management) in a 3-year study (see
Table 1). All sites were similar in soil characteristics
(Fluvisols, Clay-Vega or Vega-Clay). The ground-
water level dynamics were more or less uncoupled
from river table dynamics for the majority of the
sites. Within the investigated sites there is a gradi-
ent in soil-moisture status ranging from ‘wet’ with
surface near groundwater level (B1) through ‘mesic
humid’ groundwater influenced sites with seasonal
partial drought periods (Al, A2, A3, C) and sites
with a groundwater level some depth from the soil
surface and experiencing mild drought conditions
especially in summer (B2, partly AD) to river-bank
influenced sites (partly AD and C). For further details
see Malt and Perner (2002) as well as Perner and
Malt (2002).
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2.2. Sampling methods

To compare the floristic species composition at
each site, phytosociological plant samples accord-
ing to Braun-Blanquet with species: area ratio after
Wilmanns (1989) were carried out in ten 2m x 2m
squares per site (except for site B2 where five
5m x 5m squares were taken). Plant samples were
taken in spring and summer of both 1997 and 1998.
Plant assemblages were classified according to the
plant indicator values by Ellenberg et al. (1992).

Ground-dwelling arthropods were sampled with 10
plastic pitfall traps (@45 mm) per site, filled to one
third height with 3% formaldehyde with some drops
of detergent (in winter drops of glycerol were also
added). The traps were positioned in two groups along
a transect with five traps (trap—trap distance = 4m,
group distance = 20m) per group. At site B1 there
was a group distance of about 150m dictated by a
site-specific humidity gradient. Pitfall trapping was
carried out from May 1996 to October 1998 with
trap exchanges taking place every 14 days. Spiders
and beetles were sorted and determined to species
level in the laboratory as well as classified to eco-
types following Maurer and Hénggi (1990) and Platen
et al. (1991) for spiders, and Koch (1989 ff.), Barndt
etal. (1991), Korge (1991) and Winkelmann (1991) for
beetles.

The surface microclimate around the trap-transects
was surveyed using ONSET data loggers (tempera-
ture, light intensity, relative humidity). The physical
and chemical properties of the soil were also inves-
tigated as were surface soil-moisture (Hydra Soil
Moisture Probe from VITEL Inc.) and groundwater
level. These were measured twice a month. These
abiotic data sets were used for direct gradient analysis
(RDA, see below) to identify key determinants of the
species patterns.

2.3. Statistical analysis

Management activities were coded as follows: fertil-
isation (0: without, 1: <50 kg N/ha, 2: 50-100kg N/ha,
3: 100-150kg N/ha); pesticide application (0: with-
out, 1: with); grazing (0: without, 1: temporary—Ilow
level, 2: whole year—low level); mowing (0: without,
1: one-cut per year, 2: two-cuts per year, 3: three-cuts
per year); ploughing (0: without, 1: with); mulching

(0: without, 1: with); age as time since conversion from
arable land or time of current management (0: arable
land, 1: 1-2 years, 2: 3-10 years, 3: 11-30years).
This matrix were analysed with Bray—Curtis ordina-
tion techniques (Beals, 1984; McCune and Mefford,
1997) and site scores of the ordination axis 1 were
used as an integrated measure of management impact
(see Section 3 and Table 1).

To compare the species patterns of the three groups
in different managed field sites, in addition to species
richness Camargo’s indices of evenness (E'; see Krebs,
1999) were also calculated. Camargo’s index is unaf-
fected by species richness and only slightly affected
by the presence of rare species in a sample. Linear re-
gression was used to determine the relation between
site management intensity and the species richness and
evenness of plants, spiders and beetles.

Similarity patterns in species composition and
community structure between the sampling sites were
explored using non-metric multidimensional scaling
(NMDS) ordination for the plant, spider and beetle
data separately (McCune and Mefford, 1997). NMDS
is an iterative search for a ranking and placement of n
entities (samples) on k dimensions (ordination axes)
that minimises the stress of the k-dimensional config-
uration. The “stress” value is a measure of departure
from monotonicity in the relationship between the
dissimilarity (distance) in the original p-dimensional
space and distance in the reduced k-dimensional or-
dination space (Clarke, 1993). As distance measure
we used the Euclidean distance and for all three
analysed data sets (plants, spiders, beetles) three or-
dination axes (dimensions) were sufficient to achieve
low stress values. To evaluate how well the distances
in the ordination space represent the distances in the
original (unreduced) space the coefficient of determi-
nation (r2) were calculated. This value is a measure
of the quality of data reduction, along with an as-
sessment of how the variance explained is distributed
among the primary axes.

A code replacement of the Braun-Blanquet-scale
(van der Maarel, 1979) was necessary for the plant
data and the resulting ordinal scale (from 1 to 9) was
square-root transformed. In preparation for the multi-
variate statistical analyses the spider and beetle data
were In-transformed and rare species (all species <
0.01% of catch in total) were omitted to reduce data
noise.
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To analyse the environmental factors having a po-
tential influence on the studied arthropod assemblages
we used the redundancy analysis (RDA) ordination
technique (Jongman et al., 1995). The inclusive for-
ward selection procedure was employed to sorting out
the factors explaining the most variance in the species
data and finally, Monte Carlo permutation procedures
were carried out for significance testing of the selected
environmental factors (Jongman et al., 1995; Ter Braak
and §mi1auer, 1998). To remove weather effects be-
tween the different sampling years from the data we
used a partial redundancy analysis (pRDA) by enter-
ing the total yearly precipitation from May to August
into the RDA as covariable.

3. Results

Using a Bray—Curtis ordination the management
impact of each of the sampling sites was estimated.
As 70% of the variance included in the management
matrix (see Section 2) was extracted along ordination
axis 1 the site scores of this axis 1 were used to rank
the investigated sampling sites (Table 1). A decreasing
management impact could be detected from the arable
land site (A3), through the young sown grassland (A2),
the permanent grassland (C), the sown grassland (A1),
the re-wetted grassland (B1), and the embankment
grassland (AD) to the permanent grassland site (B2).

Overall 105 plant species, 120 species of adult spi-
ders (56,067 individuals) and 502 species of beetles
(77,684 individuals) were recorded from 1996 to 1998
(Table 2). The highest total number of plant species

Table 2

was observed in the re-wetted grassland (B1) while
numbers of spider and beetle species were highest in
the embankment grassland (AD).

Whereas plant and spider species richness increases
with decreasing management impact (relation for spi-
ders not significant, but 72 = 0.51, P = 0.07), the
species richness of the beetle assemblages is unrelated
to the site’s management impact (Fig. 1la—). Detailed
analysis of the different trophic guilds within the bee-
tle assemblages show that while carnivore and detri-
tivore species richness is unrelated herbivore beetle
species richness does tend to increase with decreasing
management impact (2 = 0.34, P = 0.16). Evenness
increases with decreasing management impact in all
three studied model groups, although for spiders this
relationship is not significant (r2 = 0.50, P = 0.07,
Fig. 1d-f).

Fig. 2 shows the mean indicator values (after Ellen-
berg) of plants and the total number of hygrophilous
species and individuals for spiders and beetles per site.
A slight increase of plant moisture indicator value
is detectable from the sown grassland (A2) to the
re-wetted grassland (B1) and the embankment grass-
land (AD), whereas the other indicator values show
no such tendencies (Fig. 2a). Spiders, and especially
beetles, show a clear increase of hygrophilous species
and a very strong increase of hygrophilous individu-
als from the sown (A1, A2) to the embankment (AD)
and re-wetted (B1) grasslands (Fig. 2b and c).

To analyse and visualise the differences between
the sampling sites in assemblage structure of plants,
spiders and beetles we used NMDS ordinations
(Fig. 3a—f). The ordination pattern for the plant data

Number of species (and individuals) for plants, spiders and beetles caught at each site from 1996 to 1998 (for detailed species lists see

Malt and Perner (2002) as well as Perner and Malt (2002))

Plant species Spiders Beetles
Species Individuals Species Individuals
Arable land (A3) 20 74 6850 205 18863
Young sown grassland (A2) 23 63 8845 249 21764
Permanent grassland/three-cuts (C) 27 72 14969 244 12972
Sown grassland (A1) 32 59 7119 196 4989
Re-wetted grassland (B1) 46 67 10156 188 4967
Embankment grassland (AD) 45 81 5642 312 11720
Permanent grassland/one-cut (B2) 30 69 2486 195 2409
Total 105 120 56067 502 77684
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Fig. 1. Changes in mean species richness (a-c) and mean Camargo’s evenness (d—f) of plants, spiders and beetles with decreasing
management impact. Standard deviations (S.D.) and 95% confidence intervals of the linear models are displayed. Estimation of decreasing
management impact derived from the site scores of axis 1 using a Bray-Curtis ordination, which explained 70% of the variance included
in the management matrix (see Section 2). Decreasmg management impact vs. mean species richness of (a) plants (r =0.55, P < 0.05),
(b) spiders (r = 0.51, P = 0.07), (c) beetles (r = 0.8, P < 0.01) and vs. mean Camargo’s evenness of (d) plants (+2 = 0.57, P < 0.05),
(e) spiders (2 = 0.50, P = 0. 07) and () beetles (2 = 0.60, P < 0. 05).

(cumulative 72 for axis 1,2 and 3 were 17.6, 62.2 and
77.3, respectively) shows that all sites with exception
of both sites AD and B2 clumped together (Fig. 3a).
Also the projection of axis 1 vs. axis 3 improves the

separation of those sites only slightly (Fig. 3b). Ordi-
nation of spider (cumulative r? for axis 1,2 and 3 were
36.8, 61.4 and 91.8, respectively) and beetle (cumu-
lative 2 for axis 1, 2 and 3 were 25.6, 62.1 and 89.0)
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Fig. 2. Mean indicator values (after Ellenberg) of plants (a) for moisture, light, temperature and nitrogen, (b) numbers of hygrophilous
species, and (c) individuals for spiders and beetles caught at each site. Sites arranged from lowest to highest moisture indicator values

respectively amount of hygrophilous species.

assemblage provide an outstanding separation of data
(Fig. 3c—f). Here, the examined set of agricultural
land use types evokes distinct patterns of community
structure. In both cases (spiders—Fig. 3¢ and d and
beetles—Fig. 3e and f) arable (A3) and young sown

grassland (A2) sites are close together. The good site
separation based on spider and beetle data suggests
that using procedures of direct gradient analysis to
screen important (good describing) site parameters
may be a promising avenue to follow. RDA (Fig. 4)
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Fig. 3. NMDS ordinations of plants (a and b), spiders (c and d) and beetles (e and f) assemblages. For the plant data 10 samples per site
(except site B2 only five samples) and the arthropod data six samples per site (two partial transects each with five pooled pitfall traps and
3 years, except site B2 only 1 year studied) have been plotted (see Section 2). See Table 1 for site abbreviations. Minimum stress values

for (a and b) plants: axis 1 = 32.2, axis 2 = 20.6, axis 3 = 14.9, (c and d) spiders: axis 1 = 34.6, axis 2 = 16.0, axis 3 = 9.2 and (e and
f) beetles: axis 1 = 36.4, axis 2 = 16.5, axis 3 = 10.0.
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Table 3

Partial inter-set correlation coefficients of the selected environmental variables for the spider and beetles data sets®

Parameter Lambda-A Axis 1 Axis 2 Axis 3 Axis 4
SPIDERS—eigenvalues 0.2612 0.1411 0.1367 0.0623
Temp.* 0.227 —0.8545 0.2179 —0.2233 0.2302
Age* 0.125 0.5151 0.5398 —0.3348 —0.3941
Water-table 0.125 0.4347 0.0357 0.8422 0.1588
Sand* 0.096 —0.1082 0.4952 0.2299 —0.6868
Floodpl. rel.* 0.055 0.5279 0.1346 0.0935 —0.2183
% var. expl. 62.7

BEETLES—eigenvalues 0.193 0.156 0.090 0.0580
Soil-moisture* 0.163 0.8312 —0.2218 0.1581 0.0066
Age 0.132 0.2064 0.7599 0.5534 —0.1282
Sand* 0.100 0.0093 —0.0598 0.7847 —-0.5298
Temp.* 0.074 —0.2960 —0.5188 0.3385 0.6509
Water-table* 0.052 0.7306 —0.2432 -0.3164 —0.4457
% var. expl. 522

# Weather effects were partialled out of the analysis by entering the total precipitation totals from May to August into the RDA as
covariables. Environmental variables are given in the order of their inclusion in the model together with the additional variance each variable
explains at the time it was included (lambda-A-value) and the total variance explained (% var. expl.) by the selected environmental variables.

illustrates that ground-water level (water-table), tem-
perature on the soil surface during the vegetation pe-
riod (Temp.), time since conversion from arable land
(Age) and amount of sand in the soil (Sand) explain
the majority of the variance in both spider and beetle
data set. Floodplain relict habitat areas (Floodpl. rel.)
and near-surface soil-moisture (Soil-moisture) identi-
fied as additional environmental factors for the spider
(Fig. 4a) and beetle data set (Fig. 4b), respectively.
With the exception of ‘water-level’ (spiders) and
‘age’ (beetles) all selected environmental parameters
show significant relationships to patterns of species
assemblages (see also Table 3).

4. Discussion

In this study we assessed the effects of changing
agricultural land use on vegetation, spider and beetle
assemblages. Overall, we found comparable relation-
ships between the management impact and species
richness (plants, spiders) and evenness (plants, spi-
ders, beetles) for the different trophic levels (Fig. 1).
When considered in detail specific differences were
found to exist between the vegetation and the inverte-
brate groups (Figs. 1 and 3) in the different grassland
sites (Al, A2, AD, B1, B2, C). Ecological effects
at the vegetation level strongly depend on both the

intensity of former arable management (e.g. nutrient
balance, seed bank) and the initial conditions of grass-
land succession (e.g. seed mixture; van der Putten
et al., 2000). Bakker and Berendse (1999) have shown
that the development of species-rich vegetation on
abandoned arable land is often constrained, even when
natural abiotic conditions have been restored. Reasons
for this constraint include a depleted seed bank, the
poor seed dispersal of late-succession species as well
as the fact that the first established competitive weedy
species, which are already present in the seed bank of
agricultural sites, prevent vegetation development for
many years (Hansson and Fogelfors, 1998). Although
the poor vegetation richness in our study shows con-
siderable differences between the sites, the more
quantitative measure of evenness, and especially the
ordination patterns, demonstrate a weak separation of
the most grassland sites (Fig. 3a and b). This is likely
to have been caused by the dominance of competi-
tive (persistent) weedy species (e.g. Cirsium arvense,
Elymus repens, Galium aparine) and a general vege-
tation pattern existing among these sites at that time.
While plant composition pattern show little differ-
ences between sites both invertebrate groups show
clear separation between examined sites (Fig. 3c—f).
It is well known that ground-dwelling spider and
beetle (especially ground and rove beetles) assem-
blages are sensitive to habitat structure, microclimate
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and management (Luff and Rushton, 1989; McFerran
et al., 1994; Ekschmitt et al., 1997; Topping and
Lovei, 1997; Dennis et al., 1997; Wardle et al.,
1999). In our study main source of variation within
both invertebrate groups could be explained by en-
vironmental parameters such as ‘temperature’, ‘age’,
‘water-level’, ‘sand’, ‘floodplain relict habitats’ and
‘soil-moisture’ (Fig. 4a and b). Among these param-
eters temperature explained the largest proportion of
variance in the spider data set and soil-moisture in
the beetle data set (Table 3), which was many times
mentioned as key factor for distribution patterns
of ground beetle assemblages (e.g. Rykken et al.,
1997). It is also well-documented that vegetation
structure (height and density) is important for spiders
(Greenstone, 1984; White and Hassall, 1994), and
our results are not inconsistent with these findings.
Vegetative structure especially frequency and time of
disturbances (e.g. harvesting or mowing), would have
resulted in significant microclimatic and particularly
also soil surface temperature differences between
the sites.

Often, if not in most cases, it is difficult (and in
this context not absolutely necessary) to disentangle
the causal mechanisms of response. These extracted
‘factors’ should therefore be seen as (statistically sig-
nificant) model descriptors for system patterns. In the
context of GIS-technology such descriptors should en-
able us to make spatial extrapolations of and pro-
vide us with predictions for success of restoration
processes.

The hygrophilous habitat specialists within the
spider and beetle assemblages are an useful “quick
assessment tool” for monitoring the efficiency of
restoration projects in agricultural floodplain land-
scapes (Fig. 2b and c). The high colonisation potential
of spider (air ballooning) and many beetle (flight, air
plankton) groups suggests that the increased number
of species, and especially individuals of hygrophilous
habitat specialists, may indicate the success of the
changing agricultural land use. On the other hand,
it is also a measure for the proportion of floodplain
relict habitats in the agricultural landscape (e.g. back-
waters and banks, and also embankment habitats)
and their connectivity of the landscape elements, be-
cause a high amount of relict habitats should reduce
the time of conversion considerably (Collinge and
Forman, 1998).

Despite the recognised problems of using Ellenberg’s
indicator values (Ter Braak and Gremmen, 1987) the
moisture value of plants produce approximately the
same ranking of sites as both invertebrate groups
using the numbers of hygrophilous species or indi-
viduals (Fig. 2). But in general, it seems that assess-
ment based on vegetation tends to over-emphasise
the similarities between the sites. We therefore sug-
gest vegetation monitoring should be seen as a more
powerful long-term approach complemented by a
