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Introductory lecture 5
PROSPECTS IN EARTHWORM ECOLOGY

Stefan Scheu

Darmstadt University of Technology, Institute ofafegy, Schnittspahnstrasse 3, D-64287
Darmstadt

Earthworms have been among the first organismsgbeonsidered in ecological research.
For long much of the research activities have fedusn applied aspects, such as
employing earthworms for increasing agriculturalgurctivity. Investigations on the role of
earthworms in natural ecosystems lacked behind,Atsore principle questions, such as
which factors drive earthworm population dynamies natural ecosystems and the
functioning of earthworms in soil food webs remainp®orly understood. With the advent
of new research tools and an increasing intereghénunderstanding of belowground
systems this situation is changing in recent yeing talk will highlight new approaches
for investigating the role of earthworms in terrigdt ecosystems and present recent
achievements. Finally, lines of research to achievedeeper understanding of the
functioning of earthworms in belowground systemad amplications of earthworm-
mediated changes in soil processes for the abowedreystem will be presented.
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Plenary lecture 9

EARTHWORM BIODIVERSITY IN LATIN AMERICA: PRESENT ST ATE OF
THE ART

George G. Browh Carlos Fragogoand Samuel W. Janies

'Embrapa Soybean, C.P. 231, Londrina, PR, 86.00182il;

?|nstituto de Ecologia, A.C., A.P. 63, Xalapa, VE®LP0O0, Mexico;

3Natural History Museum & Biodiversity Research GentIniversity of Kansas,
Lawrence, KS, 66045, USA.

Around 970 species of earthworms, belonging to drhilies and 125 genera are known
from Latin America (LA), although this is less thhalf the total estimated diversity for the
region (>2500 spp.). The most diverse countrieBaaeil (306 spp., 260 natives), Ecuador
(136 spp., 113 natives), Mexico (133 spp., 83 eaband Colombia (116 spp., 93 natives).
The Caribbean Islands host more than 120 spedieghioch 95 are native. However, the
status of the knowledge on earthworm diversity eaoology in most countries must still be
considered poor. For large areas of some courdnesseveral islands in the Caribbean,
still nothing is known. Most of the knowledge ottkarthworms in LA is due to the work
of Gilberto Righi, who described over 220 spp. ®thHaxonomists (Michaelsen,
Cernosvitov, Cognetti, Rosa, Eisen, Beddard, Benlaondero, Gates, Sims, Graff, Zicsi,
Csuzdi, Fragoso, James, Rodriguez, Borges, Modamieson) also contributed greatly to
the knowledge of the region’s earthworm diversity.

Most of the known (and still unknown) species bglém the Glossoscolecidae family (533
spp.), endemic to LA, and found from Northern Argea to Central Mexico (native
species range). This family is unique in its molth manners of reproduction, some of
which still remain unknown (e.gGlossoscolex Other diversified families include the
Acanthodrilidae (269 spp. in 26 genera) and Ocndidae (91 spp. in 26 genera), that also
include many endemic genera and species. One familyendemic to Colombia
(Tumakidae).

Exotic species (total ~70 spp.) are common and spicad throughout the region, although
the Lumbricidae are mostly restricted to cooleriorg. Acanthodrilids such as some
Dichogasterspp. and megascolecids suchAasynthaspp. are found in all tropical regions
of LA. Some native species have spread widely tinout LA and must be considered
peregrine or exotic invaders outside their natavege and place of origin. This is the case
for Pontoscolex corethrurysative to the Guyanan Shield, but invasive thimug the
tropics and subtropics. Several ocnerodrilids (eislg Eukerria spp.) and acanthodrilids
(especiallyMicroscolexspp.) also fit in this category. Strategies tdidine spread of exotic
species should be studied and adopted to minirhigie potential impacts to soils, plants
and other organisms. Urgent efforts are also neddedpeed descriptions of native
earthworms and to promote the study of their biplagd ecology, as most studies so far
have been performed on exotic or peregrine natwtheorm species (very little is known
for the vast majority of native species). Given tae trained earthworm taxonomists and
ecologists available in LA, the increasing trend umbanization, intensification of
agriculture and pressure on natural resources atidenhabitats (especially forests and
grasslands) throughout LA, this enormous task is1tiag!
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Oral 1C

A NEW STEP IN USING 16S rDNA AND COI SEQUENCES IN THE
MOLECULAR SYSTEMATICS OF EARTHWORMS (ANNELIDA,
OLIGOCHAETA)

Antonia Adriana Pof Csaba Csuzgiand Victor V. Pop

Ynstitut fir Zoologie, Technische Universitat Datatt, Germany;

2 Systematic Zoology Research Group of HAS and Depat of Zoology, Hungarian
Natural History Museum, Budapest, Hungary ;

3Institute of Biological Research, Cluj-Napoca, Ruvia

An over-view of the positive and negative resulfsoar attempts in using the tools of
molecular taxonomy in earthworms is presented. Bfiications are selected mostly for
Lumbricidae, but also on other Crassiclitellata ifes.

Our preliminary attempts in using 16S rDNA and Cg&ine sequences (Pop A. A., M.
Winkand V.V.Pop 2004, Pop V. V. and A. A. Pop 2004)ezhih different ways. For some
genera the new molecular data were much encouraghwyving plausible species
relatedness (i.@Octodrilus Eisenig, but in others (e.gAllolobophoras.l.) remained hard
to understand or even confusing. Neverthelessfi$tepositive results justified proceeding
on the opened ways. In addition to the alreadyiphbtl results, new multigene studies
were carried out on Lumbricids and other Crassiltfita families. Partial sequences of
ribosomal 16S rDNA and of subunit one of the mitmatirial cytochrome oxidase (COI)
were obtained.

Clear and consistent conclusions were formulatgdrding the validity of the Lumbricid
generaOctodrilus Octolasionand Dendrobaenawhere the patterns of the cladogrames fit
the species groupings by means of morphologic aadloanic characters. On the contrary,
in the case of the species included in the gengHalobophora, Aporrectodea,
Cernosvitoviaand Proctodrilus the scattered aspect of the branches in the gtadwes
seemingly does not confirm this genera discrimoraton the basis of morphologycal and
anatomical characters. According to our 16S rDNAadahe preliminary results in
Crassiclitellata families show that Lumbricidae, dElidae, Glossoscolecidae, and
Ocnerodrilidae are monophyletic. We have not guwilar result for the highly complicated
superfamilia. Megascolecoidea where only the “Plmt” group formed a well
supported clade. The other representatives oftéltizn showed a quite variable branching
pattern without bootstrap support.

Methodical improvement and new gene approachesegggred because there are species
(especially ubiquitous or peregrine ones) which nah be properly analyzed by actual
techniques. Till now, the 16S sequences gave ubdheresults, grouping earthworm taxa
in agreement with their morphological similaritig€d0Ol sometimes fit the 16S data, but
frequently does not. We hope that new studies, witbre gene frequencies and
methodological improvements will allow to recognaeonsistent filogenetic pattern of the
different earthworm taxa.
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ORIGIN AND MEANS OF DISPERSAL OF COSMOPOLITAN PONTODRILUS
LITORALIS (GRUBE, 1855) (MEGASCOLECIDAE)

Rob Blakemore

COE Soil Ecology, Yokohama National University, dap

Origin and mechanisms for global distribution of tgenusPontodrilus Perrier, 1895,
presently comprising six species, have always bm@gmatic. Possible sources were
argued for in the region of Australia or New Zead®Gates, 1972: 47) where congeners
occur, or in the Mediterranean (Bouchké al, 2004: 382) whence the genus was first
described. The type-specid. (itoralis) is circummundane — on shorelines in the tropics
and warmer parts of continents and islands in el world's oceans; one specidx (
primoris Blakemore, 2000) is littoral in Tasmania; anotha&cuistrine in NZ; others are
terrestrial in Sri Lanka and China. Little is knowf the life-history nor means of spread of
any of the species.

Pontodrilus litoralisis found on beaches, estuaries, and mangroveartasfshore psammon
(i.e., organisms growing on, in or moving througimd), or is limnicolous (living in mud),
and its being euryhaline (tolerant of saltwateryngisual for an “"earthworm”. Sims (1980:
117), remarking on similarlity of distribution &f. litoralis and Pontoscolex corethrurus
(Mdaller, 1857), proposed primary dispersal by oceafting. But Easton’s (1984)
synonymy of divers forms undé. litoralis suggests that either there is frequent global
recruitment, or that despite intraspecific varidil it has remarkably conservative
morphology, or, possibly, that this synonymy is tooad.

Gates (1972: 48) said “Absence of geographic viariatioes suggest that transportation
may have been recent” although a converse viewgoisfy whenPontodrilusis more
correctly placed under Megascolecidae rather thaanthodrilidae where put by some
earlier authors, is of a 'primitive’ species witleqursors close to the original forms of this
family, living in a relatively constant littoral b#at. Stephenson (1930: 834) said he
“formerly thought that [Sri Lankar. agnhesaenight represent the terrestrial ancestor from
which the littoral species have descended (Stepmeri@3) but ... the opposite may be the
case, and the terrestrial and limnic species ofjfreus may owe their origin to the survival
and modification in a new environment of coloniesidentally transported from the
shore”. Extension of these ideas is not only derest for origins of the family
Megascolecidae, especially relating to zoogeograuityplate tectonics, but also highlights
concerns relating to spead of invasive species.

The current review is based on recent ecologicaleyudata and taxonomic studies of
Pontodrilus specimens. Evidence is presented for dual mestmniof spread of.
litoralis, involving both human transporation and a natwaliapersal mode. Probable
homeland from options in either Northern or Southidemispheres, or in the tropics, will
be evaluated on this new information.
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INTRODUCTION OF EXOTIC EARTHWORMS IN THE BOREAL FOR EST OF
WESTERN CANADA

Erin K. Cameron, Dr. Erin M. Bayne, Dr. David W. I@oan, and Dr. M. Jill Clapperton

CW 405, Biological Sciences Centre, University dibérta, Edmonton, Alberta, Canada,
T6G 2E9

Recreational and industrial development is expandapidly in the boreal forest of western
Canada. Concerns exist that such activity isitatihg the introduction and spread of non-
native species such as exotic earthworms. The améins by which earthworms are
introduced and spread in forested systems are albtuwderstood. Given the poor innate
dispersal abilities of earthworms, we propose fomajor introduction mechanisms: 1)
Direct introduction by humans via abandonment ehifig bait; 2) indirect dispersal by
humans via vehicle traffic; 3) transport via watays; or 4) “natural dispersal’ via
vertebrate predators. To test the plausibilityttidse various hypotheses, we sampled
earthworms in forest stands near boat launchesadifeatures (roads & seismic lines),
forest interiors, and remote shore lines of lakeshe boreal forest of northern Alberta,
Canada. Boat launches and roads had a significaigher probability of earthworm
occurrence compared with the other locations. ®pecommonly used as fishing bait
occurred more often near boat launches than neasralone. These results suggest that
both vehicle transport and bait abandonment arenthgor mechanisms of earthworm
introduction in Alberta’s boreal. The consequenokthese introductions remain unclear,
but suggest that reduced road construction andatgus prohibiting the discarding of bait
need to be considered to slow earthworm invasions.

Because the number of individuals introduced arad thmber of introduction events is
emerging as the most consistent predictor of thebéshment success of invasive species
(Lockwood et al. 2005), we are using genetics tereine whetheDendrobaena octaedra
populations are established by single or multipkeoduction events. We sequenced the
mitochondrial cytochrome oxidase subunit | 8fendrobaena octaedraindividuals
collected at the locations described above. THisrimation is allowing us to test several
predictions about the results expected under diffeintroduction scenarios: 1) if all
populations originate from a single source and Isingvader, one genotype should be
detected across the range; 2) if populations acatgirfrom a single invader from multiple
sources, populations should each contain a unigmtgpe; and 3) if populations are
founded by multiple invaders, either from singlenoultiple sources, multiple genotypes
should be detected in each population (Bohonakl.e2@01). Results indicate that
populations may be established by single invadersnoltiple invaders. As well, the
likelihood of multiple introduction events appe&wsbe greater in areas with greater human
activity. If this result is borne out by our caoniing research, it would suggest that
measures should be taken to reduce human actiéfiesciated with greater earthworm
introduction rates in Alberta’s boreal.
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EFFECTS OF THE INVASIVE EXOTIC EARTHWORM AMYNTHASAGRESTIS
ON NATIVE TAXA: ARE SPECIES INVASIONS A THREAT TO
BIODIVERSITY?

Snyder, BA, PF Hendrix? and MA Callaham Jt.

!Institute of Ecology, University of Georgia, Athei@A, USA;
’Department of Crop & Soil Sciences, University afdBgia, Athens, GA, USA;
3USDA Forest Service, Southern Research Statiore®shGA, USA

Invasion by exotic earthworm species is a well{githed issue in ecology. While the
effects of invasions in regions without a nativetleaorm fauna are well documented,
guantitative information about the effects of ineasin regions with a native earthworm
fauna is sparse. Since the first reports of thegasions in North America (Eisen 1900,
Smith 1928) numerous studies have documented esqpdicies dominating in locations that
were once dominated by native species. No studigs been able to document extirpation
of native fauna due to exotic earthworm invasion.

One reason for this may be the paradigm that ctiyrelominates the issue of earthworm
invasions in North America. In this theory, whikhlisz and Wood (1995) use to explain
exotic and native earthworm distribution patternative earthworms are lost due to
disturbance before the exotics invade. This distoce theory predicts that exotics will
dominate in disturbed areas and native fauna withichate in relatively undisturbed areas.
This situation does not allow for examination o #ffects of invasions on native fauna,
because under the current paradigm exotics andesadre not thought to interact.

A recent invasion ofAmynthas agrestiSrom a roadside edge of the Great Smoky
Mountains National Park (North Carolina and TenaessJSA) appears to fit into the
current paradigm, as the roadside would be ceytdial considered disturbed. However,
this invasion presents the opportunity to move beyothe paradigm as the invasion
proceeds into undisturbed forest. We presentmiadiry results from a study in which we
examine changes in biodiversity of the earthwormnicmnity due toA. agrestisinvasion.
We also characterize the movement of the invasiontfand use this data to begin to
develop a model predicting future spread of thimgive exotic earthworm species.
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CHINESE TERRESTRIAL EARTHWORM

Jian Huand, Qin Xu?, Zhenjun Sur

! College of Resources and Environmental SciendeisiaCAgricultural University,
Beijing, China;
“College of Education, Beijing

Terrestrial earthworm variously reported from Chmanber amount to 306 species with
86 of these, or 28%, non-natives for which 64% As&tic Megascolecidae and 21% are
Lumbricidae of Holarctic origin. All the 306 spesibelong to 28 genera in 9 families (1
species of 1 genera in Haplotaxidae, 20 speci@sgeiera in Moniligastredae, 245 species
of 7 genera in Megascolecidae, 3 species of 3 geimeOcnerodrilldae, 5 species of 3
genera in Acanthodrilidae, 3 species of 2 genefadtochaetidae, 2 species of 1 genera in
Microchaectidae, 25 species of 8 genera in Lumthaieiand 2 species of 1 genera in
GlossoscolecidaeNumber of species distributed in Sichuan Proviredhe highest in
China, amounted to 94; Taiwan is the second, areduttt 80; Hongkong, 20; Macao, 3.
Reports on earthworm in Shanxi and Ningxia Provsncave not been discovered. Among
of them, 59 species are new species or new recafitds 1992. A defineitive work,
however, on the systematics of Chinese earthworpeisding, and the purpose of this
paper is only to provide a status quo to track gharfrom the last revison by Zhong et al.
(1992). Subsequently, 240 or so new pheretima navaes added by Xu, Qiu and Chang et
al. in 1992-2005, most of them are consided validat While some controversial species
had been discussed and new affinities had beem.ghmynthas asiaticugMichaelsen,
1900) was recorded but had no detail descriptiah rmm specimen, so it was regarded a
possible species in China. Chen (1959) namet/nthas carnosugsoto et al, 1898) as
Pheretima pingifor it had 3 or 4 pairs of spermathecae. However, Stegdn (1925)
describedPheretima pingias a new species for it had 4 pairs of maturensairecae.
While Goto and Hatai (1899) describd®heretima carnosudor it had 3 pairs of
spermathecae. As presented by the description ¢6 &od Hatai, the spermathecae was
vestigial, in addtion, the distribution of genit@dpilla in the two species were completely
different. That is, the two species are differgpgdes. So we separatéchynthas candidus
(Goto et al, 1898) fronPheretima pingi(Stephenson, 1925§5ates named three species,
Pheretima tenellulg§Gates, 1932)Pheretima glabra(Gates, 1932) an@®heretima vieta
(Gates, 1936). Then he combined the three spentedoine species in 197Pheretima
glabra (Gates, 1932), though they were largely differamtmorphological characters,
especially with or without spermathecal pores, fibsition of papillae in male pores. We
examined many specimens from Yunna Province of £y morphological characters,
and some of them were wholly identical witmynthas tenellulusSo we redivided the
species into three specidsnynthas tenellulus, Amynthas glabrus and Amyntteda For
such uncertainties species, morphological methadsneolecular (RNA, DNA) techniques
will be combined to determine specific affinities.
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BIODIVERSITY OF EARTHWORMS IN DIFFERENT ECOSYSTEMS OF
WESTERN GHATS, TAMIL NADU, INDIA

*P.Kathireswari.**J.M.Julka and'R.Jeyaraaj

* P.G and Research Dept of Biotechnology, KSR Coltegkrts and ScienceThokovadi
(PO),Tiruchengode- 637 209, Tamil Nadu, India. Erkathireswari@yahoo.co.in

** Emeritus Scientist, Zoological Survey of IndiaJé&8p Himachal Pradesh, India. E-mail
jmjulka@hotmail.com

Lying between 8° and 21° N latitudes, the Westehat§ a global ‘hottest’ biodiversity
‘hotspot’ are a chain of mountains running alon@ tvestern edge of the Indian
subcontinent, and support one of the major TropEatrgreen regions in India with
exceptional biodiversity and conservation interd@$tey cover an estimated area of about
160,000 km? and stretch for about 1,600 km fromariVapti south to the southern tip of the
peninsula, interrupted only by the 30 kilometerfgRat Gap at around 11° N. The present
studies are aimed at assessing earthworm divensayregion north of Palghat Gap (close
to Nilgiri Hills), which is increasingly affectedybthe human activity. The study sites
include a natural forest, an agro-ecosystem andllited area in Coimbatore Forest
Division, Western Ghats, Tamil Nadu, India

As a result, 40 species of earthworms from diffeteabitats are recorded. Their family
wise composition is: 13 species of the Megascoéxid0 species of the Moniligastridae, 5
species of the Octochaetidae, 4 species each dfummbricidae and Ocnerodrilidae, one
species each of the Acanthodrilidae, Almidae, Higlde and Glossoscolecidae. Of these,
22 species are the natives (includibgawida sp. nov. andViegascolexsp. nov.; to be
described somewhere else) of the Indian subcorttiaea the remaining are well known
peregrine species of extra Indian origin.

In the natural forest, 18 native and 10 exotic Emea@re found. Native species are
represented byrawida caenosa, D. grandis, D. impertusa, D. méae®. pellucida
pallida, D. sulcata, Drawidasp. nov., Glyphidrilus annandalei, Lampito mauritii,
Malabaria biprostata,Megascolex cochinensis, M. filiciseta, M. insigniéggascolexsp.
nov., ? Argilophilus variabilis Perionyx ceylanensis, P. excavatus)d sansibaricus
whereas exotics belong famynthas corticisAllolobophora parva, Dendrodrilus rubidus,
Eisenia fetida, Dichogaster bolaui, D. modigliankukerria kukenthali, Gordiodrilus
elegans, Octolasion tyrtaeum, Pontoscolex coretistespectively.

Agro-ecosystems harbour low earthworm diversitycamparison to natural forests but
have high proportion of exotic species; 6 natdeafvida aculeata, D. grandis, D. lennora,
D. scandens, Megascolex konkanensis, Lampito miausitd 12 exotic speciedifynthas
corticis, Dichogaster affinis D. annae, D. bolaui, D. salien§ordiodrilus elegans,
Metaphire houlleti, Polyphretima elongata, P. tapamae, Pontoscolex corethrurus,
Ocnerodrilus occidentalisand Eudrilus eugeniae In polluted area only one native
peregrine specidsampito mauritiiand 2 exotic species hamddchogaster affiniandD.
bolaui are found.

Macro and micronutrients of the soil have also baealysed and are discussed in relation
to occurrence of earthworms in different habitdtkis study indicates that the land use
pattern is more severely reflected on biodiversftgarthworms.
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BIODIVERSITY OF THE SOUTH AFRICAN MEGADRILE EARTHWO RM
FAUNA

J. D. Plisko

Natal Museum, P. Bag 9070, Pietermaritzburg 3200tSAfrica & University of
KwaZulu-Natal, P.O. Box X01 Scottsville, South Afi

Data on present knowledge on biodiversity of medméarthworm fauna of South Africa
are elaborated. Information on indigenous Microtidae and Acanthodlinae, and
representatives of Hormogastridae and Ocnerodeilidaorded in South Africa are given.
Species limited ability of dispersal results inighhdegree of speciation, and a large
number of endemics with restricted distributiongesiis emphasized. Ecological and
geographical indigenous species dispersal is téghlintroduced species as a foregin
component in the soils are indicated. Present kedg@ on a number of introduced species
and their distribution in the country is outlinéb-existence of indigenous species with
exotic element is observed.

The role of protected biotops for preservationnofijenous earthworm fauna is indicated.
Conservation of indigenous environment is recomradnd
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EARTHWORM COMMUNITIES ALONG AN ELEVATIONAL AND CLIM  ATIC
GRADIENT IN NORTHEASTERN PUERTO RICO

Grizelle Gonzalez Emerita Garcfef, Sonia Borge’s Maria M. Rivera

YUSDA FS International Institute of Tropical ForgstRio Piedras, Puerto Rico;
University of Puerto Rico, Mayagiiez, Puerto Rico

Most of the ecological studies of earthworms infRu®ico have been performed in the
tabonuco Dacyodes excel3dorest; where earthworms are the most abundanipgof the
soil fauna in terms of biomass and they are importeeterminants of the decay rates of
litter. In this study, we describe 1) earthwornmeounities along an elevational / climatic
gradient of eight forest types in north-easternrf@uRico, and 2) relate their abundance,
biomass, diversity and developmental stage to ¢lanaoil physical / chemical properties
and /or other biotic characteristics (microbial hass, root biomass / length). A network
of 24 sites was selected for this study (3 sited &nforest types) that include: cloud,
colorado Cyrilla racemiflorgd, palm @restoa montania tabonuco, lowland moist,
Pterocarpus and mangrove forests. The gradient compromi(esrange of 1500 — 5000
mm of rainfall and 2) a 5 °C difference in air tesrgture from the top to the bottom of the
Luquillo Mountains. Up until now, 14 worm specieslonging to 6 families have been
found along the gradient. The density and biomafssvorms were higher in the
Pterocarpusand cloud forests as compared to the other faypsts. In thePterocarpus
forest, only immature individuals of a single sgacivere found. The cloud forest had the
highest number of species and presence of nativensvo While, the lowland moist forest
had the highest presence of exotic worms. The bitenass of worms was significantly
and positively correlated to rainfall, soil bulkresity and ground litter depth. Meanwhile,
the diversity of earthworms was negatively coredato the air temperature and microbial
biomass.
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TAXIC DIVERSITY AND DISTRIBUTION OF MICRODRILE OLIG OCHAETES
(ENCHYTRAEIDAE, TUBIFICIDAE, NAIDIDAE) IN SECONDARY  FORESTS
AND PASTURES OF THE MATA ATLANTICA (PARANA, BRAZIL)

Rudiger Schmelz 1, Rut Colladol & J6rg R6mbke2

1 Department of Animal Biology, Plant Biology & Hogy, University of A Corufia, Spain
2 ECT Oekotoxikologie GmbH, Fl6rsheim, Germany

Microdrile oligochaetes (Enchytraeidae, Naididaebificidae) were sampled in young,
medium and advanced secondary forests and pastndes different soil conditions in the
Brazilian Mata Atlantica (coastal plain of the Semdo Mar, “Reserva Natural do Rio
Cachoeira”; main soil types: Cambisol, Gleysol;unakt vegetation: “Floresta Ombroéfila
Densa Submontana®). Aim of this pioneering work wasegister taxic diversity - so far
completey unknown - and to identify factors thaplein the distribution and abundance
pattern of the species, in order to contribute he tlevelopment of a biological soil
classification system for the region.

Abundance was low (1000-6000 ind./m2), but divgrsias high (ca. 40 taxa altogether).
The enchytraeid fauna is dominated by species efgéneraHemienchytraeugca. 6
species)Guaranidrilus (ca. 20 species) anichaeta(ca. 6 species), most of them new to
science. Their description requires a large amotibasic taxonomic and revisionary work
on the genus and species level. Morphology mayepnosufficient to separate and sort all
species. Therefore, a pragmatic species concéptasired here. Rates of endemism cannot
be given because the enchytraeid fauna of Southriéanis poorly known. Naididae (genus
Pristina) and Tubificidae (genuBothrioneurum) are a common component of the soil
fauna. These two families can no longer be regaate@xclusively aquatic. Microdrile
oligochaete species distribution patterns seemetpand to successional stages. For
example,Fridericia was found only in pastures, suggesting that is #rea the genus is
related to land use. We further found soil-typeated differences in enchytraeid species
number and species composition.
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EARTHWORM POPULATIONS IN ATLANTIC FORESTS WITH ARAUCARIA
ANGUSTIFOLIA IN THE CAMPOS DO JORDAO STATE PARK, SAO PAULO,
BRAZIL.

Dilmar Barettd, George G. Browh Samuel W. Jam&sElke Jurandy Bran Nogueira
Cardoso

'Departamento de Solos e Nutrigdo de Plantas, ESegiarior de Agricultura “Luiz de
Queiroz”, Universidade de S&do Paulo —-USP/ESALQ.Padua Dias 11, Caixa Postal 9,
CEP 13418-900, Piracicaba-SP, BraZmbrapa Soybean, C.P. 231, Londrina, PR,
86.001-970, Brazi®Natural History Museum & Biodiversity Research GentJniversity
of Kansas, Lawrence, KS, 66045, USA.

Araucaria angustifolia also known as the Parana Pine is an endangezedsfrecies in
Brazil. Forests with predominance of this pine haeen reduced to around 3% of their
original extent, and are mostly restricted to Sautd Southeastern Brazil. Little is known
of the diversity of soil animals inhabiting thesefsts and their role in soil properties and
processes. As part of a larger project on biodityens araucaria forests, the present study
was therefore set up to evaluate the density, sityeand biomass of earthworms in natural
and reforested. angustifoliaforests, impacted or not by fire and identify thest efficient
method to collect earthworms in these sites. Thdystvas conducted in the State Park of
Campos de Jorddo, in Campos de Jorddo, S&o Pardwil, Bat approximately 1560m
elevation. The four areas studied included: 1)veafiorest with araucaria in climax,
without little anthropogenic disturbance (NF); &) angustifoliareforestation, planted in
1959 (R); 3)A. angustifoliareforestation planted in 1959, but submitted toimtense
accidental fire in July 2001 (RF); and 4) nativegyr pasture (grazed by animals) with
native araucarias and submitted to an intense exttfire in September 2004 (NPF). In
each area a 0,3 ha plot was chosen, in which fivgpées were taken to evaluate earthworm
abundance, biomass and diversity. In August 20@8gtsampling methods were tested: a)
dillute formol (0,5%), b) monoliths of 25 x 25 cma& depth of 0-30 cm and c¢) monoliths of
40 x 40 cm to a depth of 0-30 cm. Six earthworncigsewere found: the native species
Glossoscolesp.,Glossoscolespl,Glossoscolexp2,Glossoscolex bondasndUrobenus
brasiliensis and the exotic specieAmynthas corticis The density, diversity and the
biomass of earthworms were affected by presendeeofind animals (RF and NPF), and
by the sample method used. Formol was more effidi@ncollectingAmynthas corticis
found in much higher abundance and biomass in IR the other studied areas (using this
method). Larger manually sorted samples were mffigemt for capturingGlossoscolex
spp., prevalent in RF. Total earthworm abundanoged from 0 to16 individuals per’m
and followed the general decreasing order of inga#® RF>NF>R>NPF, although the
order depended on the collection method employext. d&lequate characterization of
earthworm abundance and biomass in these forests fdrmol and manual sorting should
be employed, to guarantee collection of the rapidase-soil dwellingAmynthasand
Urobenus as well as the endogeaBlossoscolespp.
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COSMOPOLITAN EARTHWORMS—- AN ECO-TAXONOMIC GUIDE TO THE
PEREGRINE SPECIES OF THE WORLD" VOL. 2.

Rob Blakemore

COE Soil Ecology, Yokohama National University, dap

"The importance of taxonomy is clearly recognizethleymajority of scientists and without
reliable taxonomy, ecological studies are irrelevanDominguez, J.et al. (2005).
Pedobiologia (Vol. 49: 82).

An updated and upgraded version 6bsmopolitan Earthworrntiss newly presented. This
Guide to the biology, ecology, and identificatioh 120+ exotic species found most
commonly around the Globe is in CD format. All Wibfamilies are revised. The original,
Blakemore (2002) - first introduced at ISEE7 Cédrdsf now recommended text for species
determination by ISO/FDIS 23611S6il quality - Sampling of soil invertebratesThe
format and recommendations of the InternationaleJ@&¥ZN (1999) are followed.

Starting with an introduction to the basics of stashd sampling methods, taxonomic keys
ultimately lead to detailed Family/Genera/Speciesscdptions, distributions, and
illustrations. Included are the commercial vermimposting species e.djsenia fetida /
andrei Perionyx excavatus, Eudrilus eugeniae, Dichogasspp, Dendrobaena /
Dendrodrilus and various pheretimoids suchAaynthasandMetaphirespp.

The Guide provides a useful tool for soil ecolagishanagers, and students of biodiversity
anywhere. Identification is a first step to undemsling and, once the exotics are
recognized, their global distributions and ratesspfead can be plotted, and studies on
relationships with native species affecting symbsoand soil processes can progress.

Blakemore, R.J.,(2002; 2006)Cosmopolitan Earthworms — an Eco-Taxonomic Guide to
the Peregrine Species of the WorlPub.: VermEcology, Australia. (Pp. 580 including
120+ figs. IBM CD-Format. Vol. 2).

[1ISO 23611-1:2006 Recommended text -
http://www.iso.org/iso/en/CatalogueDetailPage.GaiaeDetail?CSNUMBER=36914&sco
pelist=ALL

See alsdttp://bio-eco.eis.ynu.ac.jp/eng/database/earthjorm
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REVIEW OF FAMILY RELATIONSHIPS OF THE CARIBBEAN GEN USEXXUS
GATES, 1959 (OLIGOCHAETA: EXXIDAE)

Rob Blakemore

COE Soil Ecology, Yokohama National University, dap

The Caribbean earthworm family Exxidae, now corntgjneight or nine species, was
initially proposed to accommodate the “troublesoagXus wyensiGates, 1959, a meroic
species with an acanthodriline arrangement of raaté prostatic pores that complied with
the Octochaetidae except for its racemose prostaBetes (1959: 258) had allowétk.
wyensisto introduce an acanthodriline state into his fiaiteon of the Megascolecidae,
whereas other authors later allowed it to introdueeemose prostates into the
Acanthodrilidae. Neither of these schemes waspabée, and now Exxidae is separated
from OctochaetidaesensuBlakemore, 2000 primarily by its non-tubular peiss, and
secondarily by having two or three oesophagealagid Both Octochaetidae and Exxidae
differ from Acanthodrilidae by their non-holoic rtedia. Possibly closely related
Neotropical genera are a revived Diplocardi-inaedidMichaelsen, 1899 (especially those
taxa reported with non-tubular prostates) and meBenhami-inae/-idegensuCsuzdi,
1996.

A possible junior synonym dExxusis NeotrigasterJames, 1991 with typ€rigaster rufa
Gates, 1962 that differs mainly in its 3 gizzarios5-7 (James, 1991: 348) or 6-8 (Borges
& Moreno, 1992)]. Other included genera, in parhet type species, atdapatadrilus
James, 1991, T?igaster Benham, 1886 Cubadrilus Rodriguez & Fragoso, 2002 (and,
doubtfully, QueenslandiorresiellaDyne, 1997).

Of the names combined Meotrigasterby James (1991), only two belong in Exxidae, the
third speciesTrigaster yukiyuiBorges & Moreno, 1991 with tubular prostates, piuip
requires returning to its original genus in the ifgnOctochaetidae or Benhami-inae/idae.
Newly added here are species from the gefamatadrilusthat were recently transferred to
Cubadrilusas well as other species from this latter genus hse "racemose” prostates
(not the type); these appear to merit new comhoinain Exxus An unauthored taxon,
Trigaster setarmatugsic), is tentatively added to Exxidae, and sevsirailar species from
Cuba reported by Rodriguez & Fragoso (2002) torbereparation would possibly also
belong.
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EARTHWORM PHYLOGENY BASED ON MOLECULAR EVIDENCE

Briones M.J.It, Moran P? & Posada .

'Dept. Ecologia y Biologia Animal. Facultad de Bigi. Universidad de Vigo, 36310
Vigo, Spain

“Dept. Bioquimica, Genética e Inmunologia. Facultadiologia. Universidad de Vigo,
36310 Vigo, Spain

Traditionally, phylogenetic relationships within mabricidae have been investigated mainly
using morphological characters. Although the reaesg of molecular tools in metazoan
phylogeny has rearranged our traditional underatgnaf animal classification, these
techniques have not been yet fully exploited intemorm evolutionary biology.

Here we aim to use molecular phylogenies to contths traditional morphological
classification withinLumbricidaeand to understand the evolution of several moqadiodl
characters. We have obtained the DNA sequencdwahitochondrial COIl and 16S genes
for thirty-three earthworm taxa belonging to thenilées Lumbricidae Glossoscolecidae
Megascolecidae Acanthodrilidae and Eudrilidae Preliminary results suggest that the
current classification of different earthworm smacineeds revision. Results will be
discussed in relation to several morphological Wimgic characters and the phylogenetic
positions of the taxonomic groups evaluated.
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DIVERSITY AND DISTRIBUTION OF EXOTIC AND INVASIVE E  ARTHWORMS
IN BRAZIL

George G. Browh Samuel W. JamésPriscila T. Martins®, Daiane H. Nunés Amarildo
Pasini, Klaus D. Sauttér

'Embrapa Soybean, C.P. 231, Londrina, PR, 86001 8¥a;jl;

“Natural History Museum & Biodiversity Research GentIniversity of Kansas,
Lawrence-KS, 66045, USA,

3Universidade Estadual de Londrina, Departamentagtenomia, C.P. 6001, Londrina,
PR, 86051-970, Brazil;

“*Centro Universitario Positivo, R. Prof. Pedro Vici@arigot de Souza 5300, Curitiba-PR,
81280-330, Brazil.

Of the 306 known earthworm species in Brazil, 48%) are exotics, introduced from other
countries or continents. They belong mainly to families Megascolecidae (11 spp.),
Acanthodrilidae (12 spp.) and Lumbricidae (13 sppl)e remaining species belong to the
Eudrilidae (2 spp.), Almidae (1 spp.) and Ocnelathe (7 spp.) families. Many
megascolecidsAmynthasor Metaphirespp.) and some acanthodrilids (esggichogaster
spp.) are found throughout the country, while otheanthodrilids (mainlyMicroscolex
spp.) and the lumbricids (excelpisenia fetida& E. andreithat are used in vermiculture)
have a more restricted distribution, being foundlydn the colder part of the country,
where the subtropical climate is more conducivéheir activities.Amynthaggracilis, the
most widely distributed megascolecid in Brazil, valescribed from specimens of Rio de
Janeiro by Kinberg (1867). This species, howevagbably arrived much earlier, with the
beginning of the exchange of plant and soil matdreéaween Asia and the New World.
Pontoscolex corethrurysalthough native to N Brazil, is the most widesgteearthworm
species in Brazil, and must be considered an exatid often invasive) species throughout
most of the country. Most exotic species inhabitntyadisturbed habitats, generally close
to human habitations, although they are sometiroasd in native forests and grasslands.
However, little is known of the effects of theivasion on the soil and its function, and on
the populations and activity of soil organismsaliroecosystems, the effects appear to be
mostly positive, but in native ecosystems, thegftdct of invasion may be negative. The
study of the effects of exotic invasive speciesoifs, ecosystem function and biodiversity
in Brazil are an urgent necessity, considering éktent of invasion, and the increasing
human pressure on land use and natural resources.
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EARTHWORMS OF AN URBAN CEMETERY

Kevin R. Butt, Christopher N. Loweand Pam Duncansbn

School of Natural Resources, University of Ceritaicashire, Preston, PR1 2HE, UK
?Lancashire County Council, Preston Cemetery, Nellltéame, Preston, PR1 4SY, UK

Cemeteries often present large grass-covered spédttén urban settings. This work set
out to obtain data on the earthworms associatdud avitemetery in the centre of the city of
Preston. Objectives were to unearth which speci&® wresent and in what numbers, but
more directly to ascertain the statudofmbricus terrestrisThis species is of interest as it
is reputed to be able to burrow to a depth of Zaedres (Darwin, 1881). Therefore in the
given setting, the relationship of such burrowshvgtaves was something to explore, as it
has been the subject of folklore for centuries.

General sampling employed a number of methods, asatigging and hand-sorting of soil
and mustard vermifuge extraction. Two parts ofdametery, one older with burials back
to Victorian times and the other, brought into ssee the 1950s, were both examined. For
legal and moral reasons no sampling took place w@wwdmmediately beside any point of
human burial.L. terrestris burrows were examined following the resin cast hodt of
Shipitalo and Butt (1999) with acrylic paint added clarity.

Nine relatively common species of earthworms weated. Sampling in Septembeér,
terrestrisburrows were found to a depth of 0.5 m in theaddhetery in a clay soil, water-
logged at depth. These burrows were of the typenally associated with this species, i.e.
near vertical and little branched. In the new cemet. terrestris burrows were very
different in form. Greatest burrow depth was to ©.2nd these were often branched, with
a mean of 1.2 divisions below 0.1 m (max. = 8). &theless the mass of the adult animals
taken from both sites did not differ significantly.

The branching nature of the burrows was caused biynided soil layer in the new
cemetery. Here sand was extracted historically thedvoid filled with refuse and rubble
before covering with a tough impervious “concretayer. This prevented earthworm
burrows extending beyond it. The “soil” above wisteled with building rubble and made
creation of vertical burrow difficult. Howevér. terrestriswas able to colonise and survive
in this area, demonstrating a remarkable plastinityurrowing behaviour.
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BIOGEOGRAPHY OF THE GENUS DIPLOCARDIA WITH REFERENCE TO THE
CALCIFEROUS GLAND

M.A. Callaham, Jr., B.A. Snyder, S.W. James, ad Rendrix

Southern Research Station, USDA Forest ServiceesthGA 30602, USA

Although proximate function of the calciferous glaim earthworms is generally well
understood, the evolutionary and ecological sigaifce of this gland is still a matter of
some debate. The earthworm calciferous gland isfested in different ways with respect
to its complexity and activity, ranging from nonigtent to simple evaginations of the
esophageal wall to large lamellate vascularizadcgires.

The North American earthworm genDglocardia may provide an opportunity to examine
biogeographical trends in calciferous gland vasiati The Diplocardia are especially
suitable for this analysis because they have nen beported to be anthropochorous (unlike
many European, Asian, and African earthworm taxa)d therefore their present
distribution should primarily reflect the influenoé evolutionary forces and not anthropic
forces.

Using data from original descriptions and other lphied records, we examine the
geographic distributions of all known species witthe genu®iplocardia, with reference
to calciferous gland form and environmental chamastics that might exert selective
pressure upon its structure and function. Thisrimftion is used to develop an ecological
framework to explain the occurrence and functiaighificance of the calciferous gland in
this North American genus.
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EARTHWORMS FROM A SAND DUNE ECOSYSTEM

Emma Chamberlain and Kevin R. Butt

School of Natural Resources, University of Centatcashire, Preston, PR1 2HE, UK

An investigation of the spatial distribution of #aworms across a dune ecotone along the
Sefton Coast, Lancashire, NW England, was undeamta@eexamine species distribution
and abundance with respect to coastal accretioh,phgsico-chemical conditions and
management. Replicated 0.1 muadrats were taken every 50 m along two transects
crossing successional areas from beach strandoliestablished soils (700 m). In addition,
more detailed samples were taken every 10 m whaatbveorms were first encountered on
one transect. A translocation Aporrectodea longavas undertaken in the field to assess
the ability of this species to live in soils withhggh sand content. In addition a laboratory
experiment was set up to test the growth, maturadiod survival of this species in soils
with a range of sand contents. Treatments usedilev&. longakept in soils produced by
mixing collected sand from the Sefton coast withmagercially available loam in
combinations of 100, 75, 50, 25 and 0 percent sand.

Within the system examined, a total of 9 earthwospecies were encountered. As
expected, no earthworms were found within the yelllmnes near the shore, where organic
matter (OM) content was negligible (<1%). Earthwermepresented bipendrobaena
octaedraand Lumbricus rubelluswere first located 300 m from the strand linegiey
dunes with an OM content of 3.9 %. Within a dureekl(OM content 11 %) at 350 m, the
green morph ofAllolobophora chloroticawas found as wad.umbricus castaneus
Anthropic influences (car park construction) alooge transect reveale8iporrectodea
longa A. caliginosaand Lumbricus terrestrisat 400 m. Within pine trees planted as a
shelter belt (700 m), both castaneusindL. rubelluswere present. Neither translocated
longanor any signs of them were found after 6 montlsgufan), but casts oA. longadid
extend into the dunes from the parking area half (&b m) towards the translocation
point. Laboratory growth of. longademonstrated no significant increases in growght¢2
2.759) in 0, 25 and 50 % sand, to 16 weeks, butdrigand content produced significantly
lower biomasses (p<0.05), less maturation and @ecoon production.

Earthworm distribution was influenced by dune ssgst@nal stage. Soil OM content,
moisture content and human activity also had aibgam earthworm number and species
present. Laboratory findings oh. longa tolerance to sand content of soil were not
supported by field observations and experiments.
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EARTHWORM DIVERSITY IN THE RUBBER PLANTATION ( HEVEA
BRASILLIENCIS VAR RRIM 600) OF TRIPURA (INDIA).

P.S. Chaudhuri, Sabyasachi Nath & Subhalaxmi Btladtidee

Dept. of Zoology, M.B.B. College, Agartala — 799004ipura, India.

This study presents a survey of earthworm speciddfzeir ecological characteristics from
the west district of Tripura, a north-eastern statwl bio-diversity hot spot of India.
Earthworms were sampled by digging and hand soreghod. Temperature, moisture,
pH, Oxidizable organic matter and soil texture 6f @5cm soil samples were estimated at
each sampling site. Following ten species of easthvg belonging to five genera and four
families were recorded: Megascoleciddéetaphire houlle)i, Moniligastridae Drawida
nepalensis, Drawidap.1,Drawida sp.2), Octochaetida®ichogaster bolaui, Dichogaster
affinis, Eutyphoeus assamensis, Eutyphoeus gigagypBoeus comillahniyis and
GlossoscolecidadPnotoscolex corethrurligtc. Such a study is necessary with a view to
utilizing earthworm resources in vermitechnology.
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REDESCRIPTION OF ALLOLOBOPHORA DUGESI V. GETICA POP, 1947 AND
ITS ALLOCATION TO THE GENUS CERNOSVITOVIA OMODEO, 1956
(OLIGOCHAETA LUMBRICIDAE)

'Csuzdi, Cs. &Pop, V.V.

'Systematic Zoology Research Group of HAS, HungaXatural History Museum
Budapest.
?|nstitute of Biological Research Cluj-Napoca, Roiaan

The earthworm specieallolobophora dugesi var. geticwas described by Pop (1947)
examining an adult and a subadult specimen fromTdreu Mountains, Romania. Zicsi
(1982) on the basis of literature data raised theetas to species ranRllolobophora
geticahas not been recollected for a long time, unti§iand Sapkarev (1987) and MSi
(1991) investigated a rich material from Serbia arserved that the specimens they
identified asgeticahave the male pore on the clitellar segments. Aflingly, they moved

A. geticato the genu€ernosvitovia They thought that this placement is confirmedHoy
description of Pop (1947) who was cited as writitejated that the male aperture was not
visible” (Mrsi¢ & Sapkarev 1987: 72.) therefore it might have beerhe clitellum as well.
Later, Zicsi & V.V. Pop (1991) and Zicsi (1995) sittered that Mrgi & Sapkarev (1987,
1988) misinterpreted the original text and thedaihg descriptions because Pop (1947: 8)
really wrote: “Les pores males sont situes supégslles glandulaires” and later (Pop 1948:
60): “Porii masculi incunjurati de arii glandularéh Romanian= male pores surrounded
by glandular areas). Both sentences mean that éhe pores are surrounded by glandular
papillae and implicitly visible on segment 15. Thisl Zicsi (1995) to reset the species to
the genusAllolobophora During a survey of the Pop collection kept in #heological
Museum of the Babes-Bolyai University, Cluj we digered the type specimens of
Allolobophora geticaA detailed examination of the adult type specimevealed that the
ventral setae of segment 15 are modified to gesdtdle and those from the setal Inare
missing. Only a deep hole, leading to the setalcsatd be recognized. This might misled
Pop to consider it as a male pore. Dissecting thét &pecimen more backwards, it was
easy to see that the male duct is running as féo # clitellum. Consequentl}. getica
must be returned to the gensrnosvitovia Since in the type series there is only one adult
specimen, we designate it as lectotype. A new amie momplete description is given.

*This study was supported by the Hungarian Scierf@ésearch Fund No. T42745 and by
the program Synthesys HU-TAF 175
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EARTHWORMS OF THE CHIHUAHUAN DESERT ECOREGION

George A. Damoff Kenneth W. Farrishand Michael A. Damoff

Stephen F. Austin State University, Arthur Temptel€ye of Forestry and Agriculture,
Nacogdoches, Texas, USA;
27103 Lakeview Dr, Mobile, Alabama, USA

The Chihuahuan Desert stretches from the Rio Grafadley in southern New Mexico and
the San Simon Valley of southeastern Arizona t@i@a just north of Mexico City. It is
approximately 1300 km long a0 km miles wide. Because of its position inititerior

of the continent and its relatively high elevatioanging from about 600 m to around 1675
m, this desert tends to have hot summers and oocwblt! winters. All areas are subject to
occasional winter frosts, and northern portionsutady receive hard freezes. The northern
portion of the desert in the USA extends into seatiern Arizona, southern New Mexico,
and Trans-Pecos Texas and is an area of high ilasatith a range between 1000 and
1300 meters. Rainfall varies with elevation, whienger areas receive less than 200 mm
per year and higher elevations over 300 mm per. year

The Chihuahuan Desert Ecoregion (CDE) includesomby the desert itself, but also the
highland "islands" surrounded by desert and, tegrek, bordering montane areas that are
isolated by surrounding, non-forested lowlands.e T¥TDE encompasses some 70 million
hectares. The northern region of the CDE (NCDE)psuis more than 120 species of
mammals, 450 species of birds, 110 species of fisiy more than 170 species of
amphibians and reptiles. Among invertebrates, maose insect and other arthropod
species have been described but reports of eamhsvéirom soils associated with the
NCDE are rare. Current literature on the biogeplyaof earthworms commonly dismisses
the association of earthworms and desert soils.

In March 2003, the native earthworm spedd@sastos heimburgeri, B. longicinctuasnd
Diplocardia minimawere collected by handsorting from the NCDBB. longicinctus
occurred in high numerical density and was col@dtem soil of a north-facing arroyos
(shrub-scrub land cover). In 2004 the NCDE in tHeA received up to three times the
normal annual precipitation that extended beyorduual July to October wet season. As
a result, in March 2005 earthworms were collectgdhndsorting from a variety of
habitats within the NCDE, with several of the sailassified as Aridisols based on
characteristic desert vegetation. Range extensiithshabitat descriptions are reported for
two species oBimastos(Family Lumbricidae) and one species Diplocardia (Family
Acanthodrilidae). Several new species @iplocardia are reported for the first time.
Among exotic invasive earthworms, range extensianes reported for several Palearctic
species (Family Lumbricidae), but none for Oriertal Neotropical species commonly
reported in other regions of North America.
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EXOTIC EARTHWORMS AS INDICATORS OF DISTURBANCE IN A TLANTIC
FORESTS OF SAO PAULO, BRAZIL

Juliana O. Fernandesviarcio Uehara-PradpGeorge G. Brown

!State University of Campinas Natural History Muselmstitute of Biology, C.P. 6109,
Campinas, SP, 13084-971, Brazil;
“Embrapa Soybean, C.P. 231, Londrina, PR, 86.0018/il.

Exotic earthworm invasion into a native forest gstsm can cause major changes to the
sail, its functioning and local plant, animal andcrobial biodiversity. Little is known,
however, of the extent of exotic species invasiomBrazilian forest ecosystems, and the
potential effects on the soil. In the present stuldg effect of anthropogenic disturbance on
the presence of surface-active native and exotithhwarms was assessed in two areas of
the Atlantic Rain Forest State Park in the Stat8a@d Paulo, Brazil. The earthworms were
sampled from November 2004 to May 2005, using 3dali traps placed in forest areas
with or without (recent) human disturbance (fivaps and six transects per area). Three
earthworm species were collected, belonging to favoilies, MegascolecidacA(hynthas
sp., probabhA. gracilis) and GlossoscolecidaPg@ntoscolex corethruruandGlossoscolex
sp.), totaling 58 individuals overall. In the digiad area, a significantly{ = 42.6, p<
0,0001) larger number of earthworms were colledi@@ling 53 individuals (91% of total),
all of them exotic species (SAmynthasand twoP. corethruru$. In the well-preserved
forest area, only five individuals were collectddur Amynthassp. and one native
Glossoscolexsp. The invasion of the exotic species, partitylamynthasn the disturbed
area, is likely due to (among other factors) rapidvements, frequent rising to the soil
surface, reproductive strategy (parthenogenesisallsnight-weight cocoons), and
ecological plasticity, which permit this speciesattapt to and rapidly colonize new areas,
even sites relatively unfavorable to native species
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EARTHWORM DISTRIBUTION IN SELECTED ISLANDS OF CENTR AL
PHILIPPINE ARCHIPELAGO

Flores Dante Granfil

De La Salle University, Manila, Philippines

Prior to the works of James (2005, 2004), no syateneollection and taxonomic work has
been done on Philippine earthworms.. This workeeent the initial findings of the second
phase of the project Philippine Terrestrial AnnglRlodiversity Survey that primarily aims
to document annelid faunas of the main island$ef\isayas. It includes collection from
sixty seven sites involving ten islands representiarious biogeographic regions such as
Greater Negros-Panay, Greater Mindanao, Siquijat,Gamotes.

Collection sites were chosen based primarily onkbg Conservation Sites identified by
Haribon Foundation (Mallaret al., 2001) and the Philippine biodiversity conservation
priority areas (Ongt al.,2002).

Earthworms were collected by digging moist blockssoil and hand sorting them.
Photographs of live specimens assumed to be distipecies based on morphological
differences were taken. Samples were preservedg uplmosphate-buffered formalin
overnight then drained and replaced with 80% altédrostorage. Duplicate sets of field-
differentiable “species” were preserved in 95% methafor DNA extraction. GPS
(Magellan) determined latitude, longitude and elievedata were recorded.

Preliminary identification of genera involved det@nation of the location and number of
spermathecae, external markings, and other saféitires from the dorsal dissection.
Taxonomic keys developed by James (unpublisheds,ZiD4) were used.

Initial results show that the gen®heretimaseems to be widely distributed. Diversity of
the genus is also high, reaching up to ten possipéeies in one of the sites in Salvador
Benedicto.Pheretimais also diverse in other sites such as in CuerrfNegros, and
Madja-as, AntiquePleionogasteiseems to be more diverse in Cebu and Bohol ththagh
are as widely distributed as tiRheretimagroup. Archipheretimais the least distributed,
having been collected only in SamBRithemera though present in Samar, Leyte, Cebu and
Negros, their diversity and density is comparativielw based on the summary report
submitted by James to the DENR in 2004. He sugddsie possibility that Luzon is the
original home oPithemeraowing to the high diversity discovered in the iglan

Pheretima, Pleionogaster, Pithemesmd Polypheretimaseem to inhabit a very diverse
vegetation type from deep native/primary forest agro-forests. Data suggest that
Pithemeraand Polypheretimacould have both exotic and native representatpecies
while Amynthasand Metaphirecould be native species as they were collected fileep
native forests.

Vermicomposting is widely practiced in Negros ahdtEudriluswhich is very popular for
such purpose has already found its way to the fgest strips of the protected areas.
Pontoscolexroved to be highly invasive as it is present Insdhnds except Camotes, and
its density is extremely high in Hinoba-an, whicashalready lost more than 95% of its
forest cover due to intensive logging.

A total of nine genera were identified, seven bgléa family Megascolecidaand two
were highly invasive exoticdPpntoscolex, Eudrilys GenusPheretimashowed the most
diversity and is widely distributed, followed byetRleionogastegroup.
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ARE NATIVE EARTHWORMS MAINTAINED IN PROTECTED FORES TS OF
CENTRAL AND SOUTHERN MEXICO?

Carlos Fragoso & Patricia Rojas

Soil Biology Department, Institute of Ecology. Xp& Ver. CP 91000. MEXICO

In Mexico there are more than 100 natural prote@szhs which have been generally
selected for the conservation of its biodiversitys often assumed that this protection will
conserve all kind o animals including invertebratdewever the status of these animals
and particularly of earthworms is not often knownthis study it is presented the current
status of native earthworms in six natural prottaecas (NPA) of Central and Southern
Mexico. Earthworms were surveyed in two high attauNPA of Pine-oak and fir forests
(Central Mexico :Sierra Chincua and Rio Frio Moumsa over 2000 m of altitude); in two
intermediate altitude NPA of cloud forests (eastdfexico, El Cielo, 1100-1200 m;
Southern Mexico, Montebello, 1480-1550 m); andwie fowland NPA of tropical forests
(Southern Mexico, Calakmul and Lacandona rese2@3;300 m).

Both native and exotic species were found in adsthforests, although their domination
varied in function of altitude and region. In theee NPA from Southern Mexico natives
dominated over exotics, being Montebello cloud $tsehe only site where no exotics were
found inside natural forests. In both tropical &ise(Calakmul anad Lacandona) the ratio
native spp/exotic spp was the same and relativigly {8.5). In the cloud forests of El Cielo
and in the pine-oak forests of Chincua, similar bars of native and exotic species were
found (5 natives and 5-6 exotics). Finally the pioeests of Rio Frio eastern Mexico was
the only site where no natives were found (9 esdtic

It is concluded that low and medium altitude NP/Ae affectively conserving native
earthworms; at high altitudes, however, lumbricibtes invaded the forests- in some
situations even completely displacing native eaottms.
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EARTHWORM COMMUNITIES FROM LOS TUXTLAS RESERVE: INF LUENCE
OF LAND USE SYSTEMS AND LANDSCAPE CHANGES

Carlos Fragoso, Luz M. Camarena and Leticia Coria

Soil Biology Department, Institute of Ecology. Xp&a Ver. CP 91000. MEXICO

The diversity and abundance of earthworms in “LogtlBs” Biosfere Reserve (southern
Mexico) were studied. This region of volcanic onigis now a mosaic of forests and
agroecosystems. The study was carried out in focdities that differed by the amount of
forested area: 1) Lopez Mateos (LM): 75%, 2) Samdedo (SF): 50% and 3)Venustiano
Carranza (VC): 25%. Four different Land Use Syst€inuS) were sampled in each one of
the three localities: 1) Tropical rain forests (E),Agroforestry plantations (A), 3) Pastures
(P) and 4) Annual crops (C). In each locality, &pling points per LUS were set, making
a total of 96 sampling points. In each samplinghpearthworms were sampled by three
handsorted monoliths.

A total of 13 species of earthworms were found,esewatives and six exotics. The
community was dominated by endogeic polyhumics gftf); only two epigeics and one
endogeic mesohumic were found. The most commoniesp@as the exoti®ontoscolex
.corethrurus (66.6% of frequency). The number of exotic speci@s higher in VC, the
more deforestated window and lower in SF, the im&gtiate deforestated window. Species
accumulation curves indicate that more speciesIdhioa found, mainly in agroforestry
systems, pastures and annual crops.

The main conclusions of the study are: i) local amgional species richness was within
expected values, ii) two expected native speciese wecally extinct, iii) earthworm
communities have been modified both by intensivierdstation (domination of exotics in
VC) and by local land management (unexpected nusnbérnative species in of SF
pastures).
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MOLECULAR PHYLOGENETIC ANALYSIS OF COMMON AMYNTHAS WORM
IN JAPAN

Shinobu Gamou, Tomomi Hirayama, Tomoharu SuzukkdtaHonda, and Seiji
Matsumoto

Kyorin University School of Health Sciences, 476ylghita, Hachioji, Tokyo 192-8508,
Japan

Amynthads the major genus in Japanese earthworm faunay Bjgecies of them show a
wide variation in their reproduction organs, wharle the key characteristics for taxonomic
analysis. Because of their morphological variatidmynthasvorms are divided into many
related species (more than 70); two most commomsa@reAmynthas hilgendorfi
(Michaelson, 1892) (approximately 80% in wild pagtidn of ~10cm long) and. corticis
(Kinberg, 1867)(approximately 5%). Although corticisretains their male pores, more
than 90% ofA. hilgendorfilost their male pores and many of them lost sptretae as

well. The incomplete gonad & hilgendorfisuggests the dysfunction of usual sexual
reproduction in these animals, hermaphroditism.sT their taxonimic rationality and their
reproductive strategy are still in discussion.

Molecular studies would help rationalize taxonoraialysis and reveal how the major
species of wildA. hilgendorfikeep their population. Ribosomal RNA genes werdRPC
amplified from approximately 120 worms from the #&nto plate, which belong to at least
7 morphological species é&mynthasworms with several worms from each species, and
PCR products were directly sequenced. There wavangtion for approximately 500-bps
in the 5’ region of 18S rRNA gene among worms, |sjgg high sequence identity within
the genus. The variation was observed only in aompopulationlacking male pores. In
contrast, mitochondrial 16S rRNA genes have morguaece variations. Molecular
phylogenetic analysis was carried out using thetN method together with the sequences
of Lumbricidae worms includingEisenia fetidaand Lumricus rubellus The analysis
suggested thafmynthasworms are divided into two branches. The wormghia first
branch constantly retain male pores and some kingknital markings, but are a minor
population in field. The first branch includés corticis A. tamaensisA. carnosusandA.
robustus The second brach is a major in the wild poputgtimost worms of them have
neither apparent genital marking nor male poresd@t¢ond branch can be divided into two
sub-branches, one consists Af hilgendorfiand A. agrestisand another consists @f.
hilgendorfiandA. vittatus The later sub-branch has a variation in 18S rRj¢Ae. Taken
together, our results suggest tahynthasworms have a wide variation in morphology,
are genetically closely related, and can be divideéd several groups. Molecular data
combined with morphological observation can providgonal classification and further
insight how they maintain their population evenudb the majority of them lost their
hermaphroditism. The study was supported (paittisgugh a grant of LRI by JCIA.
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SPATIAL DISTRIBUTION OF EARTHWORMS IN A SPRUCE FORE ST IN
CENTRAL RUSSIA

Konstantin B. Gongalsky, Andrei D. PokarzhevskiipBior A. Savin and Zhanna V.
Filimonova

Institute of Ecology and Evolution, Russian AcadeofiySciences, Leninsky prospect 33,
Moscow, 119071, Russian Federation kocio@mail.ru

Soil macroinvertebrates were studied in a Norwagusp Picea abiey forest on gray-
brown podzolic soils near the city of Borovsk, appr100 km south of Moscow (Kaluga
Region, 55°13’ N, 36°22’ E). The sampling was aatrout in July 2000.

At the site, 144 intact soil cores were taken ttepth of 8-12 cm. Each core had an area of
76 cnf. Sample locations formed a grid of 24x6 units ides to determine animal spatial
distribution. Samples were placed into separatéeaaplastic bags and then hand-sorted in
the laboratory. The soil pH was acidic (4.19), lossignition (LOI) was 6.01% and the
water holding capacity 72.0%.

Six earthworm speciesDéndrobaena octaeda, Lumbricus rubellus, L. castand..
terrestris, Allolobophora roseandA. caliginosa were noted at the site. The latter genus
constituted 73.5% of lumbricid population here. Atdance of earthworms was 187.6+14.8
indiv. m?% They constituted about 65.5% of the total maaro& abundance. Spatial
distribution of eartworms over the studied plot wasterogeneous: areas with 5-6
individuals per sample were neighboring those witramimals. By joining adjacent sample
units, the size of a sample was artificially inc®eé in order to study soil factors
influencing lumbricid distribution in the gray-brompodzolic forest soil. Correlation matrix
of sample size vs. environmental variables inditai@t sample mass (r=0.21) and pH (r=-
0.23) were significantly influencing lumbricid digtution. The raise of sample size led to
the increase of correlation value. In the gray-bropodzolic forest soil, the most
representative shape of sample for earthwormsaaolly is a square one.

The study was supported by the grant of Presidan¥éung Scientists, program “Young
candidates of the RAS”, and The Swedish Institute
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PHYLOGENY OF THE PHERETIMA-COMPLEX (OLIGOCHAETA:
MEGASCOLECIDAE) USING rDNA ITS

Yong Hong,'Samuel W. Jame&0-Eun Lee?Soon-Cheol ParkSang-Guei Leg'Ui-
Wook Hwang Tae-Heung Kim

Institute of Agricultural Science, Sangju Natiohhdiversity; Sangju‘Kansas University
Natural History Museum and Biodiversity Researcht€e USA:’Life Science, College of
Natural Science, Chung Ang University, SedBlesearch Coordination Division, Rural
Development Administration, SuwofBiology Education, Kyungpook National
University, Daegu °Faculty of Biological Resources Science, CollegAgiiculture,
Chonbuk National University, Jeonju

Various methods of analysis of DNA sequences haanhused to elucidate phylogenetic
relationships among animal groups. However fewheatm taxa have been studied at the
molecular level. The following study attempted kea a light on phylogeny d¢theretima
complex group Megascolecidae using ITS gene inADWhis gene is often selected in
phylogenetic studies at higher taxonomic categaiesvell as within genus, species, and
population. For 26 species of earthworms from l1@ega and 2 families, a stretch
comprising the 3'-end of the 18S rRNA, ITS1, 5.80A, ITS2, and part of 28S rRNA
was PCR-amplified with the primer pair ITS-1 CGC @0 CG CTA CTA CCG ATT,
ITS-2 GTC CCG AAC ACC ACA GTT CCC. Phylograms of gpecies were built with of
MP(Maximum Parsimony), NJ(Neighbor Joining), and(Q#®&artet Puzzling) on the basis
of aligned sequences of the entire ITS.

a. All phylogenetic analyses yielded 5 groups é@e$r of similar topology. Gendsnynthas
was also separated largely into two groups of Komad Philippine origins. This outcome
suggests that comparisons of Philippine and Kordanynthas species based on
morphological characters are likely to be mislegdin. Species grouped into a first clade
were Amynthas jirensisA. agrestis A. gucheonensisA. sopaikensisA. bubonis A.
multimaculatus A. koreanus A. dageletensjs A. heteropodus A. odaesanensis
Pontoscolexsp., Pheretimasp. 1, andDendropheretima banahawensi$here was no
particular disparity in molecular sequences ofgpecies in this group resulting in difficult
distance comparison, in spite of the very distamlatedness of Pontoscolex
(Glossoscolecidae). &dmynthas halconensié. isarogensisA. mindoroensisPithemera
sp. 2, Pithmerasp. 1, andPleionogastersp. clustered into one clade forming a second
group. Species in this group were all collectedPhilippine and not found in the Korean
Peninsula. Apart from 3 Koreadmynthasspecies, 3 of those from Philippine all gathered
in this group revealing the influence of differehti geographic environment;
morphologically heterogeneous but genetically natm@mogeneous. Or say : This result
indicates the need to re-examine traditional gefgdimitions, and to obtain more molecular
data. d Polypheretimasp. 1 andPolypheretimasp. 2 stayed closely together representing a
separate monophyletic status apart from speciesthier genera. It appears that most
significant cladogram could be obtained from thisup by using analysis of ITS gene
within the genus.eArchipheretimasp. falls into the final group. The most distineti
characteristic in the genus is that the clitelluegibs at the 13th segment, unlike species in
Pheretimacomplex where it begins at the 14th. This difféei@n morphological
characteristics seemed to lead Arehipheretimasp. branched away from others.

f. Aporrectodea tuberculatthat has been selected as an outgrégpionyx excavatualso
shows a long branches in the phylogram, which mapglai their aparent close
relationship.
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EARTHWORM COMMUNITIES IN ESTONIAN ARABLE SOILS

Mari lvask, Annely Kudf

Tallinn University of Technology,
2Estonian University of Life Sciences

Arable land forms approximately a quarter of Estartierritory including pebble rendzinas
(9.0% of Estonian arable land), typical brown sdi®7%) and pseudopodzolic soils
(15.1%). Three soil types differ in biological afty. Agricultural management practices
affect soil biological and physical properties ahdbitat of soil organisms altering
community composition of soil fauna. Earthworms éanfluence on decomposition and
nutrient cycling in soils, modify soil structurepnosity and aeration, water infiltration and
drainage. Their activities have consequences fdagé practices, retention and
incorporation of plant detritus, the control of feiwe runoff and erosion. According to
Edwards and Bohlen (1996) there are about 220 epexfi lumbricids, of which 19 are
common in Europe. Thirteen species have been fahtn Estonia including species from
the generd.umbricus, Allolobophora, Aporrectode@endrobaenaDendrodrilus Eisenia
OctolasionandEiseniella.Twenty four study areas of three most widespreddygmes all
over Estonia were selected. In each group of gpé,teight fields were selected for studies
of earthworm communities. The mean abundance &sth foiomass of earthworms was the
highest in pseudopodzolic soils (107.1+22.4 indieild n¥, 47.7+14.2 g i) and
lowermost in pebble rendzinas (47.9+11.3 individumhd 29.0+12.2 g perand typical
brown soils (73.0+15,1 individuals and 29.5+10.9a5 m?). In arable soils the moisture
10-20% seems to be most suitable for earthwornesyjtban abundance within this range
was 68.4+14.6 individuals fo The mean abundance was 19.8+12.8 individuafsby
moisture less than 10%, and 44.0+16.5 individuafshy soil moisture more than 20%. It
was assumed that pebble rendzinas are suitabléatsalfor earthworms but periodical
drying out decreases the abundance of earthwomyssdudopodzolic soils the abundance
is high if there are optimal moisture conditionsedo increasing abundance of ecologically
tolerant endogeic species. In typical brown sdiesdiversity of earthworms and number of
juvenile individuals are high which indicates shbl&aconditions for habitat in this type of
soil. The most tolerant to agricultural practicecpsAporrectodea caliginosavas found

in all studied fields. Other species were preseatedbllows:Aporrectodea rose@n 80%

of fields, Lumbricus rubellus 50%,Lumbricus terrestris 44%, Aporrectodea longa — 38%,
Allolobophora chlorotica — 32%T hree specied.(mbricusspecieOctolasion cyaneuris
not common in Estonia but in some regions the adooel could be quite high, in this case
it can be competitor for the most common spedpsrrectodea caliginosdecause of
similar demand for ecological condition. The spieci€omposition of a earthworm
community is a good indicator of agricultural preetintensity in the field. The occurrence
of species only likeAporrectodea caliginosa, Aporrectodea rosea, Lueusirubellus
tolerant to disturbance is the result of intensillage and agricultural practice or the
influence of strong limiting ecological factor (nlystoo low moisture). A community
including more sensitive speciekumbricus terrestris, Aporrectodea longa and
Allolobophora chloroticaindicates more suitable agricultural or ecologiéattors for
habitat.
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MOLECULAR AND MORPHOLOGICAL ESTIMATES OF PHYLOGENY IN THE
PHERETIMA GROUP OF GENERA (CRASSICLITELLATA:
MEGASCOLECIDAE)

Samuel W. James

Kansas University Natural History Museum and Bi@dsity Research Center,
University of Kansas, 1345 Jayhawk Drive, LawreK&66045 USA sjames@ku.edu

The perichaetine meronephric Megascolecidae coon$ittte Pheretima group of genera
and a few others. The Pheretima group is oneeofithst speciose among earthworms and
is plagued by numerous synonymy problems and bgleiqaate taxonomic treatment of
genera and species groups within genera. To athtessing the latter two difficulties |
sequenced the 12s and 16s mitochondrial ribosomesgand the 28s nuclear ribosome
gene from many Philippine and some peregrine specalected morphological data from
specimens and literature sources, and found addlti@levant sequence data in GenBank.
Sequences were aligned with CLUSTALX. Data weralged in MRBAYES after
selection of sequence evolution models with MRMODEST and PAUP*analyses of
these data showed several well-supported cladbs. 28s nuclear ribosomal gene was too
conserved for within-genus phylogenies, but wasalale for deeper branches.

The Pheretima complex is monophyletic in trees rooted willichogastersp as the
outgroup, and the sister group to tAberetimacomplex was composed ®ontodrilus
litoralis plus the Australian tax8penceriellaand Heteroporodrilus Within the Pheretima
complex,PleionogasterArchipheretimaandDendropheretimare monophyletic. All other
genera of the in-group appear to be paraphyletipalyphyletic. The Australo-Papuan
Begemiughough morphologically close @endropheretimas not closely related, instead
showing affinities to Pithemera Pithemera and Polypheretima are intermingled,
suggesting that the acquisition or loss of intedtcaeca has happened more than once and
therefore the presence of caeca cannot be assuamedidgous across the perichaetine
meronephric Megascolecidae. The species groupinwiftheretima s.s. defined by
spermathecal pores in 7/8 only are probably monkgpticy The large octothecal
darnleiensiggroup is clearly para- or polyphyletic, but iscativerse in species, in contrast
to published statements placing all known includgsbcies in the synonymy of Ph.
darnleiensis There is good support for some geographicaltsunithin Pheretima and
Pleionogaster. In other words, within a relateda$daxa, those found in the same region
of the Philippines are generally more closely edathan to clade members from more
distant locations. This suggests a strong roleg®ographical isolation in earthworm
speciation.
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THE USE OF 16S RDNA AND COI SEQUENCES FOR THE IDENTFICATION
AND PHYLOGENETIC ANALYSES OF DIPLOCARDIA (GARMAN, 1888) AND
OTHER SOUTHEASTERN USA EARTHWORMS

Yulia Leontieva, Armen Nalian, Alexandra MartynovVan Kley, and George A. Damoff

Stephen F. Austin State University, Nacogdochega3,eUSA

DNA sequence data for the genidplocardia (family Acanthodrilidae) has several
potential applications.  Unlike many other generh earthworms where external
characteristics are sufficient to identify spec@ghorough dissection of specimens in the
genusDiplocardiais required for species verification. Many of tiplocardia species are
less than 2 mm in diameter and necessitate tediisggctions under a microscope. Also,
two or more species diplocardia can be identical in overall size and external fesg
and nearly identical in their internal anatomy, gk the challenge of species
identification all the more difficult. For earthwo population studies, verification of
species for sub-adult specimens is not possibleesseveral couplets Diplocardia keys
are based on genitalia. There has been much retergst from megadrile systematists to
utilize DNA data to help parse earthworm phylogenyhe Nearctic earthworm genus
Diplocardia has over 40 described species, yet DNA sequeti@sgnot been thoroughly
compared to classical systematics hypothesizethfogenus. Since systematic questions
still remain in higher-level earthworm taxonomygckuas families, it is not surprising that
there are even more unresolved phylogenies for reartjworm genera.

In this research at least 15 earthworm species frensoutheastern USA, most belonging
to the genusDiplocardia, were collected and identified by traditional ntoofogical
methods. 16S rDNA and COI sequences were deternfiarezhch and 34 sequences were
submitted to the NCBI database. According to @B rDNA analysis and morphological
determinations specimens identified belonging ® dknuDiplocardia formed a distinct
group from specimens identified belonging to thaifg Megascolecidae (gendsnynthas
and an unknown parthenogenic pheretimoid) and tamily Lumbricidae (genera
Lumbricus OctolasionandEisenig. A constructed phylogenetic tree based on tllesa
indicates the genuBiplocardia has distinct genetic differences from other eaottmu
genera and identifies 16S rDNA species signatweadmerous specimens Diplocardia
collected from a variety of soils across the Gutis@al Plain (Florida to Texas) in the SE
USA. Among specimens collected from multiple stdteere is sometimes a dramatic size
difference between adults of the same speciesoufir 16S rDNA analysis, microscopic
species determinations f@r. caroliniana (LA, MS, and TX) andD. pettiboneagLA and
AL) were confirmed for adult specimens that varmzhsiderably in size. Gates (1977)
separated all species within the gemiplocardia into three groups. DNA sequencing
corroborates the sexthecal group delineated bysatieereas the other two groups based
on the presence or absence of calciferous lamehaeot supported by gene sequencing
analysis.
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EARTHWORM DIVERSITY FROM RIO GRANDE DO SUL, BRAZIL, WITHA
NEW NATIVE CRIODRILIDI GENUS AND SPECIES (OLIGOCHAE TA:
CRIODRILIDAE)

A.C.R. Lima& C. Rodriguez
Ana Claudia Rodrigues de Lima: Wageningen Univergiarm Technology Group, P.O.
Box 17, 6700 AA and Dept. of Soil Quality, P.O. B&8305, 6700 EC Wageningen, The
Netherlands.
Carlos Rodriguez Aragonés: La Habana Universitg|dgjy Faculty, Dept. of Animal
Biology, Calle 25, entre J y | Vedado, Habana 1041l0dad de La Habana, Cuba.

Earthworm taxonomy research has been practicabgrabin Rio Grande do Sul state of
Brazil since the end of 70-ties of last centuryrtBs@orm diversity literature for this state is
also incomplete, scattered and outdated. This pagethe objective to present the state of
knowledge of the earthworm diversity in Rio Grardle Sul state, south Brazil, and a
description of a new native criodrilid genus andaes. It includes data of a recent survey
from 21 rice fields and 8 adjacent areas in Camagg#én. Samples from rice fields were
taken from April to July 2004 after harvesting aainples from adjacent areas were taken
in July 2004 and June 2005. Protocols of the TadpBoil Biology and Fertility (TSBF)
programme were applied, involving hand-sorting %330 x 30 cm square soil monoliths.
The sampled worms were fixed and killed directhaiformalin solution (5%). The list of
earthworm diversity from Rio Grande do Sul was ctetga by reviewing all available
literature regarding this state. Current earthwdiversity in this state shows a total of 37
species and 21 genera, belonging to 7 familiess€dlecolecidae is the most diverse (10
species) and represent 27% of the total fauna. dpmately 33% of the genera and 40.5%
of the species are natives, while 67% of the geaarh59.5% of the species are exotics.
Native species are dominated by Glossoscolecidazesb exotic species are Lumbricidae
and Megascolecidae. In this study, 9 species atefmethe Camaqua region, 2 species are
reported for the first time for Rio Grande do Sats and a new native genus and species of
criodrilid is described for science. The potenkialdiversity of the state of Rio Grande do
Sul is highlighted.
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EFFECTS OF CROPPING AND TREE DENSITY ON EARTHWORM S PECIES
DIVERSITY IN SOUTHERN CAMEROON

Lindsey Norgrove*, Csaba Csuzdi, Stefan Hauser

University of Hohenheim project, IITA Cameroon, t@ambourn, 26 Dingwall Rd.,
Croydon CR9 3EE, UK

Abstract:

Earthworms can have positive effects upon crop gramwthe tropics. So if these soils are
to be managed so that their biological capacitynfarient cycling and maintenance of soll
structure is retained then more attention shouldpdie to the effect of cultivation and
cropping practices upon earthworms. When treeseameved from land-use systems, such
as when land is cleared, slashed, burned and tilsthsh and burn agriculture, earthworm
density, diversity and activity are reduced. Cosedr retaining trees in systems may
maintain earthworm populations during the cropghgse.

Here we assessed the impact on earthworm speciessity and densities of crop
cultivation in the understorey of timber plantasothinned to two tree densities and
compared this with uncropped, undisturbed timbemiation controls. The plots were
reassessed after the end of the cropping phasséssawhether populations had recovered.
The experiment was in southern Cameroon. Sampliag @onducted, using the formol
explusion method in a circular frame of 50cm disaneThe experiment was a randomised
complete block design in four replicates.

Twenty-three earthworm species were recorded frardriidae sub families Eudrilinae
and Parendrilinae, Ocnerodrilidae and Octochaetideest of which were endemics. This
included two new species from two new genera froensub family Parendrilinae, one new
species from one new genus of Ocnerodrilidae, tew Bpecies of Dichogaster and one
new species of Legonodrilus. Twelve species wedageic, ten epigeic and one anecic.

We found no significant differences in earthwornvedsity and densities between the
different tree density treatments. Gernerally eaoitm densities were decreased by
cropping compared to the undisturbed plantatiortrobriThe most abundant species was a
Legonodrilussp novum with average densities in the undistudezedrol plantation of 68
individuals m-2, across sampling periods. Densitiesropped plots were reduced to 15%
of the control densities, however, populationsrlag¢eovered as densities during the fallow
phase were not significantly different from those the undisturbed plantation. The
densities of the epigeic Octochaetidae were siganifly reduced from 42 fto 12 n¥ to
20% of the densities of the undisturbed plots aiddndt recover during the fallow phase.
Two Dichogaster specie®ichogaster kunguluensiand Dichogastersp. novum were
eliminated by cropping and populations did not kezaluring the fallow phase. The effects
of cropping were species-specific and more workeiguired to identify which of these
endemics are the ecosystem engineers in the system.
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EARTHWORM BIODIVERSITY IN VARIOUS LAND USE SYSTEMS IN THE
REGION OF JAGUAPITA, PARANA STATE, BRAZIL.

Daiane H. Nunés Amarildo Pasirli George G. Brown

'Departamento de Agronomia, Universidade Estaduabaerina, C.P. 6001, Londrina,
PR, 86051-970, BrazifEmbrapa Soybean, C.P. 231, Londrina, PR, 86.00182il.

Little information is avaliable on earthworm popidas and biodiversity in the State of
Parana, southern Brazil, where most of the natiggetation (predominantly Atlantic
Forest) was transformed into agroecosystems owetast 50 years. In the present study,
earthworm biodiversity was evaluated in variougddlaise systems near Jaguapitd, Parana,
where pastures predominated. Samples were takarmgadhe rainy and dry seasons of 2004
and 2005. Seven sites were sampled: old pasture2jnnewly established soybean (n =
2) and sugarcane (n = 2) fields and a native fq@stondary) fragment (n = 1). Twenty-
five samples (25 x 25 cm soil blocks) were takereath site using a grid pattern; 20
samples to a depth of 10 cm, and five up to 30 epthd located on the diagonal of the
grid. Earthworms were manually sorted from the aaill preserved in formaldehyde (4%).
Fourteen earthworm species were found: the exotRmntoscolex corethrurus
(Glossoscolecidae) (the dominant spegi€thogaster affinisD. bolaui andD. saliens
(Acanthodrilidae), E. saltensis and Ocnerodrilus occidentalis(Ocnerodrilidae), and
Amynthassp. (Megascolecidae) (aclitellate sub-adult); tiagive speciesslossoscolex.
sp. andrimoscolexn. sp. (Glossoscolecida&jukerria eiseniangBelladrilusn. sp.1 and an
unidentifiable Ocnerodrilidade n. sp.1 (probablyBelladrilus sp.), as well as two
unidentified Eukerria spp. (of unknown origin) (all of the Ocnerodriliddé@mily). The
study revealed that some native earthworm speceiasbe maintained, even in degraded
pastures, but that exotics tend to predominates Thiparticularly the case in cultivated
agroecosystems and degraded forests, where bothweam abundance and species
diversity tend to be lower than in pastures.
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NEW DATA AND AN UPDATED VIEWPOINT ON THE EARTHWORM
COMMUNITIES WITH THE DENDROBAENA ALPINA SPECIES GROUP
(OLIGOCHAETA, LUMBRICIDAE) FROM THE SOUTH-EASTERN
CARPATHIANS.

Victor V. Pop and Adriana Antonia Pop

Institute of Biological Research, 48 Republicii, 300 Cluj-Napoca, Romania

Dendrobaena alpingRosa, 1884) has been considered to be the mastatéristic lumbricid
species of the coniferous belts from the SouthdBastarpathians (V. V. Pop, 1987, 1992,
1997). New morphologic and molecular taxonomy nesess (V. V. Pop, Csuzdi, Antonia
Pop, Zicsi, 2005) proved that the Carpathian gamtim populations formerly attributed [
alpina should be splited in four closely related, bufedént species, namelidendrobaena
alpina alpina(Rosa, 1884)). a. alteclitellata(Pop, 1938)D. attemsiMichaelsen, 1902), and

a newly described Dendrobaena sp These species are characteristic for the sadcall
“earthworm community wittDendrobaena alpirfafound in rocky soils from the subalpine
belt of Mugo pine andJuniperus nanaVaccininiumor Rhododendrorscrubs and in the
montane belt of fir tree or of mixed beech-fir fetee With less density and biomass, they also
occur in the "community witl©ctodrilus compromissus - D. byblickom acid brown soll
under beech forests, and in the "community @thfriwaldszkyl in rendzinas under beech
forests. As a consequence of splitting the Dihdrobaena alpinan the above taxa, the
structural patterns of the Carpathians earthwormnaonities should to be reconsidered and
redefined accordingly. The paper presents the epatiucture and synthetic quantitative data
of the newly defined earthworm communities.
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DIVERSITY AND DISTRIBUTION OF EARTHWORMS ON THE KIl
PENINSULA, WEST JAPAN

Hiroyuki Sakai, Rob. J. Blakemore, Masamichi T. Ito

COE Soil Ecology, Yokohama National University, dap

The ecosystem function of earthworms is promineut gives strong influence to the soil
ecosystem. But information of specific diversity igscking in Japan. Family
Megascolecidae is a major group in Asia includiagah and Oceania (Stephenson, 1930).
The Japanese Islands spread lengthwise southwast riortheast and provide various
climate zone such as sub-tropical, temperate armasttic zone. A quite different
earthworm fauna in each zone is to be expected.edempast reports on earthworm are
only from Central and Northeast Japan. Little i®Wn about diversity and distribution of
the fauna in West Japan. Kii Hanto, the largestrzeita in Japan, in the southwestern part
of Honshu (main island of Japan) is one of thestbat can provide new discoveries. The
purpose of this study is to elucidate the diveraitg distribution pattern of earthworms on
Kii Hanto.

In 2004-2005, our surveys and 263 collecting sdasKii Peninsula, included various
environments such as city parklands, meadowsjcgatifplantations and natural forests.
Site elevations ranged from sea level to 1660m.

This report deals with the distribution of the falling species that show high frequency on
the Kii PeninsulaAmynthas micronariugGoto & Hatai, 1898)Metaphire acinctgGoto &
Hatai, 1899)Metaphire agresti§Goto & Hatai, 1899)Metaphire hilgendorfiMichaelsen,
1892), Metaphire megascolidioide§Goto & Hatai, 1899),Metaphire sieboldi(Horst,
1883). Distribution pattern of these 6 species varalyzed with environmental data (e.g.
evolution, artificial disturbance degree, vegetatigeology, etc.). Two distinct patterns
emerged among the three most widespread spddiebjlgendorfi M. acincta and M.
sieboldi

M. hilgendorfi is mostly restricted to the urban environmentantrast tdM. acinctaand

M. sieboldi which occur mainly in natural forest. Three otlsggecies also showed
characteristics of distribution. These differenstdbution patterns suggest that Japanese
earthworms are good indicators of various enviramaleconditions.

The 8" International Symposium on Earthworm Ecology
4" _ d" September Krakéw, Poland



Poster 45
EARTHWORM ASSEMBLAGES DURING SECONDARY SUCCESSION

Katalin Szlaveczand Csaba CsuZdi

1Johns Hopkins University
“Hungarian Museum of Natural History

Earthworm invasion in North America was facilitateg large scale land use change,
primarily forest clearing. The Smithsonian Enviramtal Research Center in Maryland,
USA, is a mosaic of young and mature secondaryndplarests, grasslands and wetlands.
Since European settlement the area has experiengkigle shifts of agricultural practices
from tobacco to corn and wheat, and, before abandaty dairy operations. Today the
forests are of different maturity reflecting diféet time of abandonment. To assess
whether earthworm composition and abundance ofhwarm fauna changes during
succession we sampled young (40 yr), mature (8Gmyd) uncut stands. The earthworms
were extracted in spring, summer and fall usinguadety of techniques. Soil characteristics
were also determined.

The total of ten species consists of a mixtureaifve (3) and introduced (7) earthworms.
The latter were all common European introductiorith whe exception ofLumbricus
friendi, the only anecic species in the assemblage. Inbegbst L. terrestris was not
present. Native species were mostly found in rgpadreas, excefisenoides lonnbergi
which occurs in the mature forest, as well. Eartmewere most abundant in the young
forest stands regardless of the season. The higlesity and biomass values were
obtained in April 1999: 433+70 ind fnand 155+20 g A respectively. The two
undisturbed sites did not have earthworms at dlis Tis likely due to different local
conditions such as presence of well drained sall @mysical isolation of the sites. These
sites also had higher soil organic matter cont@rfto(and 14 %) than the disturbed sites
(>7%). Leaf litter disappears faster in the youageséts than in the mature ones indicating
high soil invertebrate activity. If earthworms weabundant after abandonment, their
densities declined during later stages of secondacgession. This might be related to
changes in resource quality i.e. dominance ofpatstable leaf litter.
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EARTHWORMS EVERGREEN LAUREL FOREST OF LA PALMA AND HIERRO
(CANARY ISLANDS)

J. A. Talavera & Pérez Glez, D.I.

Faculty of Education, Module “A“. University of LUaaguna. 38204 La Laguna. Tenerife,
Canaries, Spain

The objective of this paper is to present origifsalnistic, ecological and biogeographic
data on earthworms of the evergreen laurel foiafstise two western most Canary Islands.
For this we studied a total of 712 specimens ctdtém the most representative biotopes of
this vegetation formation, a relict of the Tertiagra, nowadays restricted to the
Macaronesian Region. Significant differences hdveady been found, since in the most
shaded virgin microhabitats, the specimen denstysually high in contrast to their
scarcity in the sunnier more deforested spots. tAl tof 18 species and 1 subspecies are
identified, 7 for the first time in La Palmallolobophora moebii, Aporrectodea rosea
bimastoides, Dendrobaena cognettii,, Lumbricus Hube Microscolex dubius,
Microscolex phosphoreuand Ocnerodrilus occidentalis. other 3 are new records for
Hierro, while Aporrectodea trapezoidds a novel find in autochthonous evergreen laurel
forest; in additiorAmynthas corticisare scarce and recent fortuitous introductions.

The fauna of these forests is composed mainly tivenapecies of the family Lumbricidae,
with different ranges of distribution, and by peaiag species with wide ecological valency,
such asA. corticis, A. trapezoides, M. dubius, M. phosglusiand O. occidentalis. These
last ones were introduced by man and once on statidi have been able to occupy niches
less attractive to native species, owing to theid and anthropochoric conditions. The
most evident faunistic affinities are with the s of Tenerife, Gomera, Madeira and
Azores, together with European and African Medieean zones and the northwestern
Maghreb; especially those areas occupied by lusdste before the glacial period of the
Quaternary, which probably had similar climatic ditions and floristic composition.
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REGIONAL VARIATION OF ARABLE SOIL EARTHWORM COMMUNI  TIES IN
FINLAND — PRELIMINARY RESULTS

Juhani TerhivuhVisa Nuutinef, Elise Ketoja, Mervi Niemineri and Taisto Sirén

Zoological Museum, P.O. Box 26, FI-00014 UniversifyHelsinki, Finland,
2MTT Agrifood Research Finland, FI-31600 JokioinEimland

From the viewpoint of field crop cultivation, eantbrms are a worthy biological resource
which contributes in a number of ways to the ectsysservices provided by the soil.
Earthworm assemblages in arable soils are detedniiyea combination of regional and
local processes. In Finland regional earthworm comities of cultivated soils are poorly
known. Also, no information is available on theliince of inherent soil variability to
ranges of species. However, this knowledge is reedédeethe prediction of earthworms’
responses to field management changes in diffgsarts of the country as well as for
assessing earthworms’ usefulness as soil quatiigators.

To close the knowledge gaps, a countrywide surfeyable soil earthworms is carried out
in 2003-2007. The sampling campaign was executeidglthe autumns of 2004 and 2005
to obtain a geographically extensive study material the sampling we utilized a
previously set up network of arable soil monitorsitgs at experimental stations situated in
different parts of the country. The comprehensigig and cultivation information from
these sites will be related to the presence of gpecies and species assemblages.
Altogether 53 fields, situated at 11 separate lbeal(typically 4-6 fields per locality) were
sampled. The fields were cultivated either for ablg@r silage or used as a pasture. At each
sampling node three combined hand-sorting — fonmaitraction samples were taken. For
comparison a set of three samples were taken fem feld margin, close to the cultivated
site. Here we present preliminary results fromftts leg of the survey (Autumn 2004; 5
localities, 29 fields).

Earthworms were present in all the places exaapbfie inside-field sampling node. The
nine species found and their corresponding propastigiven in brackets are as follows:
endogeicsAllolobophora chlorotica(1%), Aporrectodea caliginosé5%),A. rosea(9%),
and Octolasion tyrtaeum(2%), epigeics,Dendrobaena octaedrg5%), Dendrodrilus
rubidus (1%), Lumbricus. castaneufl%) andL. rubellus (4%) and anecid. terrestris
(32%). The number of species per field site ranfyjech 2 to 8. The mean number of
species was estimated to be 2 species more inelldenfiargin than inside the field. Under
cereals or silage, the earthworm community instike field was strongly dominated by
endogeics compared with the field margin commurf@2% vs. 65% of individuals,
correspondingly). In pastures, the dominance ofogaits was less clear and inside the
field and in the field margin the dominances welmast identical (73% vs. 70%,
correspondingly). The overall mean density of emottms was 245 ind. iand biomass
160 g n?, the figures in the field margin were higher thaside the field (e.g. for density
304 vs. 192 ind. /). In pastures the total earthworm biomass was talvautimes higher
than in the other type of sites but the earthworomiasses in fieldnargins and inside the
pastures did not differ. The earthworm densitieshia field margin and inside the field
correlated positively which indicates that sitedfie factors are affecting the numbers.
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A CHECKLIST OF OLIGOCHAETES FROM TAIWAN AND ITS ADJ ACENT
ISLANDS

Chu-Fa Tsdj Huei-Ping Shel, Su-Chen Tsaj and Hwey-Lian Hsieh

! Endemic Species Research Institute, Chichi, Narftaiwan
Z Institute of Zoology, National Taiwan Universifjaipei, Taiwan
% Institute of Zoology, Academia Sinica, Nankangipgs Taiwan

The oligochaete study in Taiwan has progressedilsagince 1990. Discoveries of new
species and new records in recent years have madeapntributions to our understanding
of the earthworm biodiversity of this island ansl d@djacent island3.his checklist consists

of 71 nominal species, including 7 aquatic spearas 64 terrestrial species and subspecies.
For the former all are peregrine. For the latter spiecies and subspecies (54.7%) are
endemic and 29 species (45.3%) are peregrine. Sesgecies with taxonomic problems
were re-evaluated.
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INTER- AND INTRASPECIES RELATIONSHIPS IN EARTHWORMS

Alexei V. UvaroV, Alexei V. TiunoV, Stefan Schéu
Ynstitute of Ecology and Evolution; Leninsky prosp@3, 119071 Moscow, Russia;
?|nstitute of Zoology, Technische Universitat Damadst Schnittspahnstrasse 3,
64287 Darmstadt, Germany

The role of earthworms as keystone animal groupulatigg activities of soll
microorganisms, plant growth and interactions withéoil communities has been
extensively investigated. Less is known about thterielationships among earthworms
themselves. Earthworm associations are ecologidallsrse and comprise the major part of
invertebrate biomass in soil; hence, interactiorithiwv the associations must have a
profound significance for functioning of soil syste. Summarising a very restricted
number of studies all belonging to the latest decéay Butt, Lowe, Capowiez, Baker,
Uvarov, Scheu and some others), several conclust@ams be made on variation of
interactions between earthworms: (a) both intrad amterspecies relationships were
documented; (b) both types of relationships werewsh for representatives of any
ecological group (epigeic, anecique, endogeic);ifftdrrelationships between the species
belonging to different ecological groups were doeuntad; (d) various types of
interactions are common, i.e. positive, negativ@ply neutral, one-sided or mutual; within
species populations, (e) density-dependent effectsecophysiological processes and
activities of earthworms (respiration, reproductiand growth, feeding and burrowing
activity, mortality) were found; (f) interactionsetween adult and juvenile earthworms
were revealed.

However, little is known about mechanisms regutatime interrelationships in earthworms.
E.g., negative relationships were often explaimeterms of competition for space and/or
resources (or even by cocoon predation) thoughagt mrely shown directly, and the data
are contradictory. Lowe & Butt (2002) related theensity of interactions to the degree of
species niche overlap but also stated that theomécof interactions could not be
predetermined simply by reference to ecologicalugsoof the earthworms. In general,
interspecies interactions often seem to be sitnatpecific. In some cases, their character is
affected by the environmental factors, such as soihpaction, temperature regime or
winter conditions. Within species populations, @hler densities reproduction and growth
are generally reduced and mortality increased.

As an example, complex relationships between twigedp species regularly occurring
together in two- or multispecies earthworm naturadsociations (litter-dwelling
Dendrobaena octaedra[Savigny] and litter/topsoil dweller Lumbricus rubellus
Hoffmeister), are analysed based on the authota: tnder long-term joint maintenance
L.r. tended to outcompet®.o.. offspring production, density and biomass [ho.
populations were significantly decreased. In cattilar. rather gained in the presence of
D.o.; however, no predation df.r. on cocoons ofD.0. was documented. In summer
reproduction rates db.o. were higher at constant than diurnally fluctuattegperature
regime, at lower population density and higheetitupply. In winter populations &fr.
deadly suffered from occasional frosts toleratedDhy., which also had higher recovery
potential due to parthenogenesis. These charduatsrisontribute to the undestanding of
mechanisms regulating coexistence in these earthwpecies.

The study was funded by the Deutsche Forschungstsatnaft and the Russian Foundation
for Basic Research.
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INVASION OF EUROPEAN EARTHWORMS INTO A NORTH AMERIC AN
ASPEN FOREST: EFFECTS ON SOIL CHEMISTRY, MICROFLORA , FAUNA,
AND VEGETATION

Eisenhauer, N. & Scheu, S.

Darmstadt University of Technology, Institute ofafogy, Schnittspahnstrasse 3, D-64287
Darmstadt

After the last glaciation earthworms, which hadetakefuge in the southern parts of the
continent, did not recolonize North America. Thewé invaded the region which today is
Canada since 1500 AD when European settlers cadrtze continerand were distributed
by inadvertent or intentional human activities.

Earthworms are known to alter soil structure, mutricycling and the complex interactions
between soil fauna and microflora and thereforeeljik affect aboveground plant
communities. However, the impact of these ecosystagineers on soil microbial and soil
mesofauna communities has only been studied rgcentl

In this study the effect of invasion of earthworrpesies Dendrobaena octaedra
Lumbricus terrestrimndOctolasion tyrtaeuminto a western Canadian aspen forest on soil
fauna, microbial and plant community and soil chetrgiwere investigated.

Along three transects (200 m) starting at the edlgéhe forest, densities of earthworm
species were determined. Plants were harvestedsepatated into three plant functional
groups (herbs, grasses, legumes) and the dry weightmeasured. In addition, soil cores
were taken to investigate the effects of burrowd. .oferrestrison soil fauna, microflora
and soil chemistry.

The invasion ofL. terrestris und O. tyrtaeumin the investigated aspen forest is still
progressing.O. tyrtaeumwas very abundant in the middle of the forest. gkown
previously, invading species initially may reachghiabundances due to high resource
availability. In contrast t@®. octaedra, L. terrestriand O. tyrtaeumdid not invade from a
forest road close to the aspen forest. Probably thvaded laterally from a little creek
nearby the aspen site.

Chemical and microbial parameters were altered dmlyhe litter layer inL. terrestris
burrows. L. terrestrisincorporated litter into the soil and. tyrtaeummixed it with the
mineral layers. Consequently, the organic layessyglieared where both species occurred
together Microbial biomass was reduced whéreterrestrisandO. tyrtaeumwere present.
This was probably due to resource competition aadhanical disturbances. Structural and
chemical properties of the soil and the plant comitguvere altered wheh. terrestrisand

O. tyrtaeumwere present. Some plant species benefited frathvearm presence, others
did not. The presence dD. tyrtaeumreduced microarthropod densities (-75 %) and
diversity (-29 %) through mechanical disturbanéesteasing compactness of the soil and
resource competition.

The invasion in the investigated aspen forest byenail soil dwelling earthworm species
presumably is slow due to the climatic restricti@msgrowth, reproduction and activity of
these speciesdowever, this study indicates that earthworm invasican have dramatic
impacts on vegetation, soil microarthropods, micgaoisms and soil chemistry.
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IMPACT OF EUROPEAN LANDSCAPE PATTERN ON EARTHWORM
COMMUNITIES

Dubs, F* Lavelle, P* Boucelham, M.Brennan, A . Csuzdi C*Eggleton, P.Keating, A°
Moreno, A, G’ lvits, E2
1. UMR 137 BioSol - IRD (ex-ORSTOM) - Centre lle Beance / Universités de Paris VI,
VIl et XII - 32, avenue Henri de Varagnat - 93148n8y Cedex- France
2. Department of Biological and Environmental SciencP.O.Box 35, FIN-40014 -
University of Jyvaskyla — Finland;: Zoology Department - University College Dublin -
Belfield, Dublin 4 — Ireland:* : Department of Zoology - Hungarian Natural History
Museum - Baross u. 13, H-1088 Budapest— Hungarfepartment of Entomology - The
Natural History Museum - Cromwell Road - London $KV5 5BD - United Kingdom
® . Instituto do Ambiente e Vida - Dep. Zoologia daitérsidade de Coimbra - Lg.
Marqués de Pombal - 3004-517 Coimbra- PortugaDepartamento de Biologia Animal |
(Zoologia) - Facultad de Biologia - Universidad Quuense - ¢/ José Antonio Novais - 2,
28040 Madrid— Espana® : Abt. Fernerkundung und LIS - Universitat Freiburg
Tennenbacherstr. 4, D-79106 Freiburg- Deutschland

Earthworms are ecosystem engineers that influenicectly or indirectly resource
availability by modification of physical environmernThe negative relationship between
land use intensity and biodiversity impacts on le@orm communities, leading to a
commensurate reduction in the ecosystem servias ghovide. However, at landscape
scale, the nature of this change remains poorlygented, and with it the understanding
of which landscape and habitat features are resgensor the shift in community
composition. Aims of the paper are to analyse thsponse pattern of earthworm
community to the composition and structure of laages as part of thé"SPCRD-EU
BIOASSESS project. In Europe, landscapes range fsemi natural forests to highly
intensive cropped land with a number of intermediathat associate natural or planted
forests with a mixture of pastures and crops mamhagedifferent levels of intensity. In
order to understand the influence of landscapeasth@orm communities, we defined 6
levels of landscape intensification and replicatieeim in 8 different European countries
representing a climatic gradient. Our basic samgplimit was a square 1km?2 land use
mosaic in which 16 points regularly distributed @0@part were sampled for earthworms.
Each km? was the basic sampling unit for which wseased earthworm species richness
and abundance in 2001 and 2002. We tested threethsges.H1l. The landscape
composition (proportion and diversity of differdand use type in the landscape) has an
effect on earthworm community structure. We fourmittearthworm have different
communities in crop landscapes, grassland landscapferests landscapes and
heterogeneous landscapé#2. The landscape structure (size, shape and dispers
fragments etc.) has an effect on earthworm didiobu We found that earthworm
communities are different in connected and forestediscapes, fragmented landscapes,
grassland contiguous landscapes and crop contigandscapedd3. Land use managment
determines the diversity and abundance of earthveammmunities. We found significantly
different earthworm communities in landscapes witlowing, organic, permanent
grassland, landscapes with changing land usedjskdt crops and grazing pastures, and
managed forest landscapes. The variance partioribetween the three sets of
environmental variables showed that managementoracare the most influencing,
followed by landscape composition and landscapetstre.
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EARTHWORM COENOSES OF CALCAREOUS GRASSLAND SITES IN SOUTH-
WESTERN GERMANY - INFLUENCE OF MANAGEMENT PRACTICES AND
SUCCESSION

H.-J. Brauckmanh G. Brolf & K.-F. Schreibet

Ynstitute for Spatial Analysis and Planning in Ases Intensive Agriculture, Department
of Geoecology and Agricultural Ecology, Universiti/Vechta, 49364 Vechta, Germany.
hjbrauckmann@ispa.uni-vechta,de

?|nstitute of Landscape ecology, University of MuensRobert-Koch-Str. 26, 48149
Muenster, Germany

For more than twenty years earthworm coenoses wengitored on five experimental
grassland sites with different management practisesalcareous sites in South-western
Germany. The earthworm coenoses of the plots “Mhtsuccession” (without any
management) were investigated at five sites, this gMulching twice a year” (mowing in
June and August without removal of the phytomas&)a sites, the plots “Sheep grazing”
at three sites and the plots “Prescribed Burnirigiva sites. Vegetation dynamics and soil
properties e.g. pH, potassium, phosphorus andggdinic matter were monitored.

In the beginning of the monitoring period earthwermvere collected by formalin
extraction, later on oktett method combined witmdhasorting was used. Hence, only
species composition and its changes over 20 yeansrasented. More detailed analyses of
the earthworm coenoses are done in the last yeamsparing the coenoses of different
managed sites. During the first years, earthwormnoses at all plots included anecic
species, epigeic species and endogeic speciebeAntiched, grazed and burned plots, the
species composition did not change during 20 yedrthe succession plots, the occurrence
of species changed in dependence on plant sucnegsiahe succession plots without
woody plants, anecic earthworms disappeared. At @in¢hese succession plots, the
stenoecious epigeic earthwomdendrodrilus rubidusmmigrated. On one succession plot
an ash stand became established. At this plot,i@msrthworms are abundant, while
epigeic species disappeared. After 20 years, thend#mces and the biomasses of
earthworms at the managed plots are higher threaguccession plots. The managed plots
and the succession plot covered by an ash stardl ttermull conditions with a high
decomposition rate, while the other successionsptend to moder conditions with
inhibited litter decomposition. The Influence ofaciying soil and vegetation conditions on
earthworm coenoses are discussed.
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VARIATION IN MEGASCOLECIDAE EARTHWORM CASTING UNDER
DIFFERENT NATIVE VEGETATION COMMUNITIES IN SOUTH-EA ST
AUSTRALIA

Erin C. Hampton and Geoff S. Humphreys

Department of Physical Geography, Macquarie UnitgrAustralia.

Megascolecidae earthworm casts (size up to 128 darm a conspicuous layer in

undisturbed basalt soils in South-East Australiaese fertile, well structured clay soils
form a couplet with native mesic vegetation comrtiasi within sheltered sites in the
humid zone. Casting is of potential importance tdrient cycling at these sites since
phosphorus fixation is a well established constraibasalt soils. To explore this, we have
initiated the present study, which seeks to deteenspatial variability of earthworm

activity (as proxied by casting) within and betweeljacent native vegetation communities,
and the influence of soil moisture and surfacelittn casting.

This study, conducted during August 2005, is base84 permanent 0.25’mample plots,
constructed within four well defined vegetation couomities in the Blue Mountains of
South-East Australia (dry sclerophyll, wet sclergptrainforest and an ecotone between
the last two which is distinctive at this site).cBavegetation community contains 16
randomly distributed sample plots. To assess tamsition between these communities,
four sub-zones were created, with 5 random sarnipte petween each community.

The total amount of surface casts increased asegetation community became more
mesic (dry sclerophyll — rainforest). This trendnoided with an increase in soil moisture
of the cast layer and a decrease in the surfaee. lithe areas dominated by sclerophyll
forest produced approximately 3200 §/wf surface cast material, contrasting to the
ecotone and rainforest communities which produde95y/nt and 6888 g/frespectively.
This represents a two fold increase between sdigtband rainforest communities. Future
work will address the rates of casting to explaasenal effects.
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THE EFFECT OF BIODIVERSITY ON ECOSYSTEM FUNCTION: A
MICROCOSM EXPERIMENT USING EARTHWORMS

Doyle, M., Kirwan, L., Connolly, J. and Bolger, T.

UCD School of Biological & Environmental Scienceig@we and Education Research
Centre (West),University College Dublin,BelfielduBlin 4.

The effect of biodiversity on ecosystem functiomisubject open to debate. The increasing
impact of man on biodiversity makes this an impuartand topical question. However,
there is much difficulty involved in studying thisie to flawed experimental designs. Many
traditional experimental approaches that attemptqt@ntify community interactions
introduce a size bias. This paper presents worlclvises the Simplex design and thus
manages to avoid the problems associated with mexperiments examining the
relationships between ecosystem function and contynsinucture.

A six-month experiment was carried out using eacttmas as model organisms. Sixty-eight
microcosms were inoculated with mixtures of earttm& Anecic earthworms and the
Endogeic species Aporrectodea caliginosa and Aflbboa chlorotica, in various
combinations. These were incubated under two tesmtper regimes, stable and variable.
Food was added every week in the form of dry catidure labelled with stable isotopes:
15N, 13C and 34S. The microcosms were watered envegk and leachate was sampled
every second week. After six months the microcosvase destructively harvested and
earthworm biomass assessed. Due to the importdresrtbworms in agro-ecosystems and
their effect on nutrient cycling, the ammonium anitlate content of leachate and soil were
determined as was pH. This has shown that theee sgnificant effect of temperature
regime on nitrate dynamics, with significant specieteractions occurring only at the
stable 12°C temperature. At this temperature thses no functional redundancy.
Significant interactions were detected betweenweEndogeic species (p<0.0028), which
lead to a reduction in the amount of nitrate ledchbile the presence of the Anecic species
increased the amount of nitrate leached (p<0.0097).
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DENITRIFICATION COUPLED TO THE HETEROTROPHIC ACTIVI  TY OF
EARTHWORMS: A GUT-ASSOCIATED PROCESS WITH CONSEQUEN CES AT
THE ECOSYSTEM LEVEL.

Luis Sampedrd? and Joann K. Whaleh

1) CIFA Lourizan, Aptdo.127, Pontevedra E-3608Mteweedra, Spain
2) a Department of Natural Resource Sciences, MadddCampus of McGill University,
21.111 Lakeshore Road, Ste-Anne-de-Bellevue, Quét@x 3V9 Canada

Earthworms are known to accelerate the decompngitfi@rganic substrates, thus affecting
nitrogen mineralization, nitrification and denitcdition. Despite several scientific advances
in the effects of earthworms in long term studiespecially in agroecosystems, little is
known about the processes related to the earthwlagestion, the black box, which are the
origin of most of their ultimate effects.

In a microcosm experiment, we studied how mineravdilability and the litter-feeding
earthworm density Hisenia andréi affected NO emissions during organic matter
decomposition. Fluxes of GON,O and ancillary soil properties were analysed dyga
day incubation. Our objectives were (i) to detemniow nitrate availability interact with
the earthworm density inJ® emission, and the density-dependency of thesetsff(ii) to
identify if the NO flux come from denitrification activity; (iii) tddentify whether the
earthworm’s gut with his associated microflorahe totspot of denitrification. The GO
and NO fluxes were highest in the first 4 days and desed through time. The,® flux
was as much as 1.5 times greater in microcosms eatthworms than those without
earthworms, especially when the mineral N concéptrain the substrate was high.
Denitrification potential was greatest in microcesmvith the highest number of
earthworms and the greatest mineral N concentra@um results indicate that earthworm
should be considered by itself for potential enoissdf this greenhouse gas. Earthworms
were identified as key regulators of denitrificatim the organic substrate, and the gut of
epigeic earthworms was revealed as the functionadlfive microsite for denitrifying
bacteria. Denitrification by the earthworm gut roigiota is a Gut-Associated Process
(GAP) with proxy effects at the earthworm scalet, imay have important consequences at
the ecosystem-level that remain to be quantified.
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BIOLOGY AND ECOPHYSIOLOGY OF THE ENDEMIC EARTHWORM
DENDROBAENA MRAZEKI, AND ITS EFFECTS ON SOIL AND SOIL
ORGANISMS IN XEROPHILOUS OAK FORESTS

Pizl V., Novakova A., Stary J. & Sustr V. )
Institute of Soil Biology, Biological Centre AS CRa Sadkéach 7, CZ-370 @eské
Budgjovice, Czech Republic

Dendrobaena mrazeks an endemic earthworm distributed across a spaatl of Central
Europe. It shows preference for dry habitats hedtlr other earthworm species, where
produces large amount of characteristic casts ceagpof well recognisable pellets. To
improve our knowledge about the physiology, ecolagy the effects dd. mrazekion soil
and other soil organisms, the research was capuéih thermophilous oak forests located
in the Pélava Biosphere Reserve, Czech RepubliQ0i®3-2005. In addition to field
research, sets of laboratory experiments were peeo.

The results showed that

- life-span ofD. mrazekiseemed to be 2 yrs or longer. Cocoon producticslosa (0.8 per
wk) in laboratory conditions, as well as the meamhber of hatchlings produced per
cocoon (1.2). Both juvenile and adult worms becariescent during drought;

metabolic rate ob. mrazekiwas low (10 - 70 pl ©g*.h™") within the whole temperature
range measured (from 5 °C to upper lethal [imiB6f°C), significantly lower and less
temperature sensitive than that of other epigeitendogeic earthworms studied;
composition of digestive enzyme complexifmrazekidid not differ from that of other
earthworms. Amylolytic (1950 mg’th?), laminarinolytic (200) and celulolytic (20)
activities were the highest;

population ofD. mrazekiproduced monthly up to 883 g of surface castspaare meter.
The number of vertically oriented burrows reachethaximum of 29 M. There was
however significant seasonality in both casting Badowing activity with peaks in May
and/or June;

concentrations of &, K, Na, Ca and available and water-soluble P wkéker in casts of
D. mrazekithan in uningested soil, while pH and total P rldd differ significantly;

species number of soil fungi was higher in cadt®. mrazeki(92) than in surrounding
soil (60) and litter (47). Their CFU numbers inlssere much lower than those in casts
and litter, however, length of fungal mycelium diwt differ between substrates.
Community structure of soil fungi in fresh castsswamilar to that in soil, however, it
changed markedly during cast ageing;

community of oribatid mites was significantly Inigr in litter (55 species; average density
12188 ind.rf) than in drilosphere (25; 7638) and casts (24;6366f D. mrazeki
MicrophytophagousTectocepheus velatysedominated in both litter and casts, while
small euedaphidMicroppia minus and Ceratozetes minutissimuselonged to most
common species in drilospher&ygoribatula exilis, Eniochthonius minutissimus,
Parachipteria punctataand Quadroppia quadricarinatavere exclusively recorded from
earthworm casts.

The study suggests thBendrobaena mrazekiould not be easily classified into any of the
major ecological groups of earthworms and has eriat to affect significantly both soil
parameters and the spatial distribution of soil rotial and faunal communities in
thermophilous oak forests.

The research was supported by the Czech Scienaedtian, project No. 206/03/0056.
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COLONIZATION AND ASSIMILATION OF ISOTOPICALLY DIST INCT
CATTLE DUNG BY TEN SYMPATRIC EARTHWORM SPECIES

Olaf Schmidt, Paul Dohert}; James Curryand Jens Dyckmahs

1UCD School of Biology and Environmental Sciencerigiture and Food Science
Centre, University College Dublin, Belfield, Dubkh Ireland. E-mail:
olaf.schmidt@ucd.ie

2Centre for Stable Isotope Research and AnalysigsE&cosystems Research Centre,
University of Géttingen, Busgenweg 2, D-37077 Giiggin, Germany

The objective of this research was to investightedolonization of cattle dung pads by a
species-rich earthworm community and to quantifyrboa, nitrogen and sulphur
assimilation from this dung by individual speciesng a natural abundance stable isotope
approach. A field experiment was conducted durhmg dctive season in spring 2005 in a
set-aside, unfertilized grassland known to have kibfbricid species. Twenty cages each
enclosing a 50 by 50 cm area were constructed wiith and timber frames, nylon mesh
‘wind barrier’ sides and bird netting on top. Treges were installed in the field, at least 5
m apart, in a randomized block design. Urine-freeilre dung was collected from two beef
cattle fed an experimental ‘isotopic’ diet contamimaize, urea and seaweed ingredients,
which introduced natural, distinct sources '8¢, **N and **S, respectively. The bulk
isotopic spacing of this dung compared to locatyasderived dung was about 10%. for
3"C, 8% ford™N and 7%. ford*S. In late March, one artificial dung pad was pthirgo
each cage by applying 900 g reconstituted dung antarea of 30 by 30 cm cleared of
vegetation. Earthworms were sampled from the duad) gnd the core 25 by 25 cm area
beneath it (25 cm deep) by hand sorting after 8, @d 8 weeks (5 pads per date) and also
at the start of the experiment from unaffected @r&iable isotope ratios in gut content
free, whole-body worms were measured by EA-CF-IRNB8Iphur results are not yet
available. Earthworms colonized dung pads extremragbjdly, with abundances (expressed
as mean individuals per 25 by 25 cm pad area +SB) mcreasing from initial levels of
31+16 to 169+27 after 2 weeks, peaking at 230+16r af weeks and declining again to
55+23 after 8 weeks. Colonizing species with thrgdat increase in numbers were the
epigeicSatchellius mammaliandLumbricus castaneuguvenileLumbricusspp. of all size
classes, but also the endogallobophora chlorotica These taxa assimilatétC and™N
fastest from the dung, as indicated by rapid shiftsheir isotopic composition. For
example, in large juvenileumbricusspp., whole-body™*C and3™N shifted by 4%. and
2%o, respectively, in the first two weeks. By costrastrictly endogeic species
(Aporrectodea roseand Murchieona minusculaoccurring beneath dung pads did not
exploit them nutritionally at all over the 8 weekperimental period. A complementary lab
experiment was conducted in whith castaneusand S. mammalisvere fed the same
isotopic dung under controlled conditions for up 4oweeks. Using resultant time-
enrichment relationships, isotopic enrichments mieas on individuals of these fast
colonizing species from the field experiment wesedito estimate their exact arrival date
in dung pads.

In conclusion, this research gives new, speciesifpénsights into the colonization and
nutritional exploitation of dung pads by undistutlEarthworm populations.
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DARWIN'S EARTHWORMS REVISITED

Kevin R. Butt, Christopher N. LoweToby Beesle3; lan Hansofhand Randal Keynés

School of Natural Resources, University of Ceritiaicashire, Preston, PR1 2HE, UK
English Heritage, Down House, Downe, Kent, BR6 K,

3Department of Conservation Sciences, Bournemouttesity, Poole, Dorset, BH12
5BB, UK

“*The Charles Darwin Trust, PO Box 31651, London, WYX

Charles Darwin made Down House in Kent his homenfi@42 until his death in 1882 and
this is where in 1881, he wrote “The Formation @&gétable Mould through the Action of
Worms”. The work described here was based uporagassdrawn directly from this book
and also grew from descriptions and observationsrded in his papers and letters, that
made reference to earthworms at Down House (Dacemespondence). In addition, as
part of a bid to make the area around Down Houdfdd Heritage Site, further sampling
was undertaken at sites identified in Darwin’s papehich made reference to earthworms
and their activities.

At Down House, general observations were made ditiad to systematic sampling in
areas of interest. Seleccted areas were eithemdetd from signs of earthworm activity,
habitat type or in direct relation to Darwin’s dowented work. Sampling for earthworms
employed digging and hand sorting of soil, elealristimulation, use of a mustard
vermifuge and observations under objects locatedhensoil surface. Fifteen earthworm
species were found representing all three ecolbgjcaupings. Greatest species richness
was found in pasture below an astrakinug tree (n = 9 species). Greatest earthworm
density was present in Darwin’s Kitchen Garden (4% with the largest associated
biomass (261g ).

The two most abundant earthworm species recorded Mseorrectodea caliginosand
Aporrectodea longaThis was determined from direct sampling andthe case of the
latter, from observations of surface casting acroest grassy areasumbricus terrestris
described by Darwin in terms of its behaviour, bat directly named, was located in the
grounds of Down House in relatively low numbers.véigheless, its diagnostic middens
and associated burrows were easily located. Atsasearounding Down House, other
investigations confirmed the findings of Darwin oeecentury before.
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GROWTH OF PONTOSCOLEX CORETHRURUS IN AN OXISOL MIXED OR NOT
WITH DIFFERENT AMOUNTS OF SAND AND/OR ORGANIC MATTE R

George G. Browh Priscila T. Martink? Céassio Matsumutd, Sérgio H. da Silva Eder
Ferrart, Vanesca Korasaki, Amarildo Pasirfi

'Embrapa Soybean, C.P. 231, Londrina, PR, 86.0018il; Universidade Estadual de
Londrina, Departamento de Agronomia, C.P. 6001 drimla, PR, 86051-970, Brazil.

Pontoscolex corethruruis a pantropical geophagous endogeic earthworciespeative to
the Guyana Shield area in Northern Brazil. It iarfd throughout the country, mainly in
disturbed ecosystems, although it also may inhadtitiral ecosystems far from its original
habitat, where it must be considered an exoticdiveaspecies. Its distribution has been
associated with a wide-ranging tolerance to diffesmil types and environments (Lavelle
et al., 1987). However, the species is rare incagitiral fields of Northern Parana State,
Brazil. Therefore, the present study was undertaiiezvaluate possible soil limitations for
the colonization of this species at the Embrapab8ag experiment station (Londrina,
Brazil). P. corethrurus were incubated at 27°Qanlaboratory, using the Rhodic Hapludox
from the station and different amounts of addedaoig matter (OM; composted city
organic wastes) and sand. The following treatmemése used: 100% soil; soil+2%
(weight) OM; soil+4% OM; soil+10% OM; soil+10% sarabil+30% sand; soil+60% sand.
A potting mixture used in the greenhouse (70%%iPosand, 10%0OM) was also tested.
Mean C content of the mixtures ranged from 1.2.8%#and sand contents from 8 to 76%.
Each container (10 cm square plastic box) receammlit 1409 air-dry substrate, and water
at 70-80% field capacity. Each box had 1 specimaheach treatment was replicated 14
times. The worms were cultivated for 395 d, and shbstrates changed approximately
every 20 d. After 1 yr, only 5 worms were alivethe soil+60% sand treatment and>9
individuals in the remaining treatments. A negatelationship was observed between sand
content and earthworm biomass’ (R 0,60). Worm biomass and soil C content showed a
polynomial relationship (R2 = 0,89), with maximunalwes at 2.8% C. Positive linear
correlations (R = 0,5) with soil P and Mg were also observed. Worgnew best in
soil+2% OM, followed by soil+10% sand, soil+4% OBbil 100%, and soil+30% sand.
These results indicate that the soil from Embrapgb8an is adequate for the development
of P. corethrurus and that some other factor must be limiting cidation by this species.
Furthermore, a small increase in soil OM (from 2,8% C) could greatly benefit the
populations of this species.
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A FIELD TECHNIQUE FOR TAGGING EARTHWORMS

Kevin R. Butt, Christopher N. Loweand Visa Nuutinen

School of Natural Resources, University of Ceritiaicashire, Preston, PR1 2HE, UK
MTT Agrifood Research Finland, Soils and Environmé&iN-31600 Jokioinen, Finland

Laboratory experiments undertaken over a 12 moetlog demonstrated that it is possible
to apply Visible Implant Elastomer (VIE) tags torthavorms. These tags have previously
been used with fish, amphibians and crustacearsn(tan et al, 2005) but appear to be
equally effective for tagging earthworms. The tags made from a medical grade material
which is injected into the animal as a liquid buithm 24 hours cures into a soft,
biologically-compatible polymer. Different coloursncluding fluorescent yellow, are
available and if injected into muscle are visiletie naked eye, or further defined using a
LED blue torch, filtered through amber glasses.seqgoent field work was undertaken at
Papadil on the Isle of Rum, a National Nature Reséar Scotland. Papadil was chosen as it
is a remote location which suffers minimal humastutbance and also because it has an
isolatedLumbricus terrestrigpopulation (Butt and Lowe, 2004).

L. terrestris middens were located within defined areas of wawodland animals were
removed from associated burrows using a mustarhifigge. Washed earthworms were
then weighed and VIE tagged in the field, beforenscanimals were returned to their
burrows, after flushing the burrow with fresh wat@thers were translocated to an area of
grassland nearby whete terrestriswas not present. Areas where the tagged animaks we
released were fenced with plastic sheeting 0.2 avaland 0.1 m below the soil surface to
prevent major over-surface movements. Objectiveshidf work were to ascertain the
viability of VIE tagging earthworms in the fieldlomg with L. terrestrisburrow fidelity.
Results suggest that VIE tagging is a valuabletadto the tools available to earthworm
researchers and may prove useful in mark-releasgptere experiments concerned with
ecological and ecotoxicological investigations afteworm populations.
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MIDDEN USE BY LUMBRICUS TERRESTRIS L. AND OTHER EARTHWORMS

Kevin R. Butt and Christopher N. Lowe

School of Natural Resources, University of Centiahcashire, Preston, PR1 2HE, UK

Lumbricus terrestridburrows are often easy to locate in the field asheéhas an associated
surface midden. There is speculation as to thetifum(s) that the midden may perform, but
collection of organic matter, inorganic objects acareful maintenance through cast
addition/incorporation suggests that it is esserffitia successful existence of the resident
earthworm. Previous researchers have looked att .therrestrismidden as a hot spot for

microbial activity and as a residence for soil niasna (e.g. Hamilton and Sillman, 1989),
but this initial study examines use lof terrestrismiddens by earthworms, other than the
large resident individual.

Over the course of a year, samples were collectad fwo wooded sites, one at Kinloch,
on the Isle of Rum, Scotland and one at Prestoglad, with sites examined every 4 and
2 months respectively. Sampling protocol involvestation of L. terrestris middens;
removal of the intact midden (sample A), removahaf.5 cm diameter core, to a depth of 4
cm taken immediately below the midden (sample B)coktrol core of the same size
(sample C) was also collected within a distancé®€tm from sample B, but avoiding any
obvious middens. An attempt was then made to remang examine the resideht
terrestrisfrom the burrow below sample B using a mustard gewermifuge (5g in 1 litre
water). All soil samples were taken to the labamatand hand-sorted for the presence of
earthworms. Any mature individuals located were spreed in formaldehyde and
identified. Any cut heads were also identified ibspible, but tails were discarded.
Immature earthworms were recorded as such, but kbphin sample groups in 600 ml
pots. Under optimal culture conditions (Lowe andtB2005) they were allowed to grow to
maturity for identification purposes. Each pot wasamined bimonthly and animals
preserved and identified as they matured. In thay & more complete picture of which
species were utilising. terrestrismiddens and surrounding soils was established.

Ten earthworm species were found associated wathihdirectly beneath middens. Epigeic
species, typified byL. rubellus dominated within the midden itself whereas endogei
species, such asporrectodea caliginosavere often located in the soil below the midden.
Total earthworm number associated with the midderB( was significantly greater than
control (C). Juvenild.. terrestriswere found in middens during spring sampling. Tiofie
year had an effect on numbers of earthworms, spetimposition and location across the
L. terrestrismidden burrow interface.
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LUMBRICUS TERRESTRIS: A MODEL FOR EARTHWORM BEHAVIOURAL
AND POPULATION ECOLOGY

Kevin R. Butt, Visa Nuutinef andChristopher N. Lowk

School of Natural Resources, University of Ceritaicashire, Preston, PR1 2HE, UK
MTT Agrifood Research Finland, Soils and Environmé&iN-31600 Jokioinen, Finland

The lob worm, dew worm, nightcrawler aumbricus terrestrid.. (1758) has been the
subject of countless scientific investigations sirits inclusion in Linné’s taxonomic
system 250 years ago. The species is known unieesait appears in humerous biology
textbooks, as a typical example of the annelid grand is even referred to by many as “the
common earthworm”. Since Linné’s dalysterrestrishas also widely expanded its global
distribution from Eurasian origins.

Much early research on the species centred upomphutgy and physiology but the
ecological importance df. terrestrisin soil systems was also noticed and today marly soi
related activities of this ecosystem-engineer ag#t documented. Although the earlidst
terrestris research had a strong behavioural leaning thaok€harles Darwin’s wide
interests, earthworm ethology has not been a péatig strong field. However, during the
last ten yeard.. terrestris research has been increasingly seeded with cencapd
approaches adopted from evolutionarily-oriented abvetural ecology. Due to this
development.. terrestrisis, for instance, emerging as a model organisrthénstudy of
mate choice and sexual conflict in hermaphrodiBagt(& Nuutinen 2005). Those studies,
together with field and laboratory studies on indial distribution and dispersal patterns
are creating an image of spatially organised pdjmula where intricate and fascinating
intraspecific interactions are governing the fatendividuals. We feel that this is only a
starting point for a new type of study lof terrestriswith significant potential for growth.
Undoubtedly many elements of sexual conflict ailetstbe fully explored and in the area
of population biology many fundamental questiomea® unanswered. To list a few: What
endogenous population processes are central toréaion of individual distributions at
different spatial scales? What is the importanceaflogical inheritance through burrow
recycling for the fithess of. terrestrisindividuals? And how important is the burrow-
midden complex as a potential nursery for juveniger to dispersal? Could there indeed
be parental care ih. terrestri¥ Research questions of this type would obviouslyefit
from the application of marking techniques and roolar ecological tools which so far
have not been widely adopted in earthworm ecolégyther, observations of behaviour
have revealed that individuals possess delicatessiply chemosensory means for
navigating on the soil surface and use them fakirgy their own trails (during homing)
and conspecifics (in mate search). Studied_oterrestris sensory ecology would seem
most worthwhile for revealing the adaptations tvat in play when the species is searching
for resources in its heterogenous environment.

Our poster is an invitation for all interested caehce delegates to meet and consider
Lumbricus terrestri@s a focus for future research efforts and cotfatins.
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EARTHWORM COMMUNITIES IN RELATION TO TREE DIVERSITY  IN THE
HAINICH NATIONAL PARK (THURINGIA, GERMANY)

Simone Cesarz, Nadine Fahrenholz, Sonja Migge-K]etdristian Platner, Matthias
Schaefer

Ecology Group, Blumenbach-Institute of Zoology &thropology, University of
Goettingen, Berliner Strasse 28, 37073 GoettinGemmany

The understanding of belowground biodiversity i saither incompleteand interactions
between above- and belowground systems have raesy looked at when explaining
belowground biodiversity pattern¥he present study investigates the influence of tre
diversity on the earthworm community in a centratd@pean mixed forest that characterises
large areas of the Hainich National Park. Thrediaafe sites were chosen within three
levels of tree diversity ranging from one-speclasech) to three- (beech, lime, ash) to five-
species stands (beech, lime, ash, hornbeam, m&gliésamples of 20cm ID were taken at
three sampling dates from six replicates of eathamd soil fauna was extracted using a
high gradient canister extractor. In addition, feamples per site were sorted by hand and
anecic earthworms were extracted using a mustdutien Generally, earthworm densities
were positively correlated with tree diversity. $tgorrelation was most pronounced in
spring when mean densities were <100 indlifmone-species stands and >500 ind.itm
five-species stands. In summer mean densities mfivearms were low in all site (100
ind./m?) while in fall densities in five-species standsrevérighest again (170 ind.fm
Changes of species composition between samplingsdantd tree diversity as well as
environmental parameters influencing earthworm comities will be discussed.
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A REPORT ON HATCHING OF A ‘THREE-TAILED’ EARTHWORM
(POLYPHERETIMA ELONGATA) FROM INDIA

P. S. Chaudhuri and Gautam Bhattachrrjee*

Dept. of Zoology, M.B.B. College, Agartala 79900dpLra, India.
*State Forensic Science Laboratory
Narsingarh, Tripura

The anomalies of structure and malformation in Qdlgpeta with reference to bifurcation
and twining , segmentation, the translation orabe of external sexual characters and of
internal organs are not uncommon ( Stephenson,1B30Ng our laboratory observation
on cocoon hatching one juvenile with three tailsPaflypheretima elongatd Perrier).
Probably this is the first report on the occurrentextra tails inP.elongata The cocoon
that hatched had no abnormality externally compartedther cocoons except that its
development time was 17 days more than the avedagelopment time (49 days) of
Polypheretimacocoon .. The abnormal juvenile, 26 mm in lentd 3 slenden cylindrical
body parts(called tails) radiating from a  slighgivollen portion of the worm- body so that
the worm looked like ‘Y’.This monstrous juvenilerdid for 21 days only and was a case of
compound bifurcation due to congenital abnormality found in other Oligochaetes
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NITROGENOUS WASTE EXCRETION BY EARTHWORMS UNDER THE
MIMIC SITUATION OF DROUGHT AND FOLLOWING A HEAVY RA IN

Jiun Hong Chel?, Jia-Hsing Wd and Shu-Chun Chuahg

1. Institute of Zoology, National Taiwan Universifjaipei, Taiwan
2. Department of Life Science, National Taiwan Wmgity, Taipei, Taiwan

In order to realize the excretion of nitrogenousstea by earthworms under drought
condition, earthwormsamynthas robustuandMetaphire posthumawere treated under a
mimic drought condition and following water submemge to mimic a heavy rain. Under
the mimic drought condition, earthworms graduabgtitheir body moisture resulting in
weight lost. For lack of sufficient water to exaatitrogenous waste including ammonia
and urea, the drought-suffered earthworms wereetbto accumulate either ammonia or
urea in their blood. When the drought-suffered lemotms submerged into sufficient
water, they quickly recovered their body weight twater absorption and excreted
accumulated nitrogenous wastes in one hour.

The 8" International Symposium on Earthworm Ecology
4" _ g" September Krakéw, Poland



Poster 68

EFFICIENCY AND SIDE EFFECTS OF FIVE SAMPLING METHOD S FOR SOIL
EARTHWORMS

Tamara Coj3 Karin Zehetnét Alexander Brucknér Andrea Watzing&r Axel Mentlef,
Erwin Meyef

dnstitute of Zoology, University of Natural Resoascand Applied Life Sciences, 1180
Vienna, Austria

® |nstitute of Soil Science, University of Naturaé$durces and Applied Life Sciences,
1180 Vienna, Austria

% Institute of Ecology, Terrestrial Ecology and Tagey Division, University of
Innsbruck, 6020 Innsbruck, Austria

In this study, we investigated five commonly useettmds for sampling earthworms from
soil - handsorting, Kempson extraction, electrimetiet method, and application of formalin
and allyl isothiocyanate (AITC). The study was coctgd in May 2005 in an experimental
area in Styria, Austria. Additionally to assessitite efficacy of the methods, we
determined the short- (one week after sampling)land term (five months after sampling)
side effects on microarthropod abundance, soiliraspn, microbial fatty acids (PLFA)
and vegetation. The chemical expellents formalid atTC were tested in five dosages
each (formalin: 0.1%, 0.2%, 0.4%, 0.8% and 1.6%f @l 0.25, 0.5, 1.0, 2.0, 4.0 mmol).
The Kempson extraction yielded the greatest nurobéndividuals, followed by the octet
method and handsorting. Formalin and AITC showeretoefficacy, but AITC 1.0 mmol
and formalin 0.2 and 0.4% expelled almost the tsgimeimbers of adult earthworms. The
octet method predominantly produced small juveedgthworms, but performed poorly
with respect to collecting adults. The abundande¢beinvestigated microarthropod groups
were decreased one week after application of teenaal expellents. Collembola numbers
were affected by both substances, regardless aiggos$samasid mites were decreased only
by the highest dosages. Oribatid mites were gdgeaffected by AITC, but only by the
highest formalin dosage. Soil respiration and th&A° patterns were unchanged by the
chemical expellents. The octet method did not leawedetectable short term effects on the
parameters measured. Five months after the sampliege was no remaining effect of
formalin and AITC on collembolan numbers, and thmuralances of Gamasida and
Oribatida were depressed only in the highest AlTtSadje. Soil respiration did not differ
between the treatments and the control. The PLRfepes were severely affected by the
formalin applications, especially by the high dassggout not by AITC. The highest AITC
dosage and the higher formalin dosages extensemged the aboveground vegetation.
This was reflected in a significant reduction obshdry mass in these treatments, whereas
root dry mass did not differ between control arehtments. Again, the octet method did
not have any measurable side effects. In conclusienelectrical octet method seems to be
the method of choice for non-destructive samplifiggarthworms from soil. During the
whole study period, no side effects of this metheate observed. It yielded the highest
total numbers of worms, but underestimated the @hoice of adults. Thus, for biomass
estimation and species inventories, the use of AET@ore appropriate. It was as efficient
as formalin in this study, and had only minor sidfects. If formalin is to be employed, a
dosage of as low as 0.2% should be applied, sinwas as efficient as the double dosage,
but did not have severe and long lasting side &ffec
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INFLUENCE OF EARTHWORM ACTIVITY ON SPATIAL DISTRIBU TION OF
SURFACE CROP RESIDUES

Catherine A. Fox

Agriculture and Agri-Food Canada, Harrow, Onta@i@nada. (foxc@agr.gc.ca)

Lumbricus terrestrig(Linnaeus 1758) or the nightcrawler has an impartale in the
decomposition of surface crop residues especially rhinimum tillage management
systems in south central Canada particularly fgrores of the St. Lawrence Lowland with
fine textured soils. A characteristic behavioutttidse earthworms is to come out of their
burrows at night to forage for food sources. Téwult is that leaves, small stems and even
pebbles are pulled into the opening of the burroresting rounded piles of debris mixed
with soil material; that is, middens. The middeme very noticeable on the soil surface
and because of this can be used as a measureicatordof the extent of activity fol.
terrestrisfor accessing crop residue materials.

This behaviour was taken advantage of in a compaussudy that examined the influence
of agroforestry buffers (i.e. native vs planted gemdws) on the adjacent cropland. The
hypothesis was that the presence of the treed hedgeaffected earthworm populations by
supplying additional food resources from leaf fitend shading temperatures and as a
consequence there would be increased activity wlyereop residues would be noticeably
removed. The second hypothesis was that the eatéhis influence into the adjacent crop
would decrease with distance from the hedgerows.

A 100 m grid with 10 m intervals was set up ateldisites with four transects at the 0, 30,
60 and 90 meter points along the hedgerows. Oh eadhese transects, earthworm
activity was assessed by counting of middens &iviamg distances into the adjacent field:
close to treed buffer, at 30 , 60 and 90 meters.eakh assessment point, a 60 x 60 cm
wooden frame was placed on the soil surface atiposj north, east, south and west. The
number of middens and a visual estimation of thegreage area still covered by residues
was recorded. The mean number of middens and peacent of residues remaining on
the surface was plotted for the sampling area wagthtour positions determined by kriging
option using Surfef7software.

An inverse relationship was observed between aréthsincreasing midden numbers and
per cent residues remaining on the surface. Tipdidations of the spatial distribution of
middens and residues will be discussed.
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EFFECT OF EARTHWORM INTERACTION OVER SELF DEMOGRAPH IC
PARAMETERS, MICROBIAL FUNCTIONAL GROUPS, NUTRIENT S TATUS
AND BIOTURBATION

José A. Garcia & Carlos Fragoso

Km 2.5 carretera Antigua a Coatepec, No. 351. Gagapion El Haya Xalapa, Veracruz,
México. C.P. 91070

In order to evaluate the effect of earthworm intéomm on demographic parameters,
microbial functional groups, nutrient status andtiibation, the endogeiPontoscolex
corethrurusand the epigeidmynthas corticiswere kept in laboratory microcosms in
single and interaction treatments. Artificial twayér soil profiles were set up, bottom layer
consisted of mineral subsoil, whereas top layer am®rganic substrate (mixture of soil,
sawdust and legum&ucuna pruriens Growth rates and fecundity of earthworms,
microbial counts (cellullolitical and proteoliticilingi and bacterial), nutrient content and
mineralization in cast and control soil, and buoélorganic matter into the subsoil were
guantified in four treatments over 24, 48, 72 aGddays. Growth rates &f. corethrurus
were not affected by the presencefofcorticis whereas an increase in growth rateg\of
corticis was observed in presencerafcorethrurus Similarly, fecundity ofP. corethrurus
was not affected significantly, but a great vatiggbin cocoon production was observed in
the interaction treatmenf. corticis had a higher cocoon production in presence® of
corethrurusthan in its absence. It is concluded from botlowgh rates and fecundity, that
intraspecific competition is more intense fr corticisthan interespecific competitioR.
corethrurusstimulated higher cellulolitical bacterial and §ipopulations thai. corticis
whereas the last species stimulated higher préitedifungi and bacterial populations than
P. corethrurus It was interpreted as an adaptationPRof corethrurusto compensate a
deficiency in their enzyme system, wherdascorticis as a consequence of r-selection.
Contrary to other studies, nutrient contents (NCPand K) were lower in cast than in
control soil, whereas Ca was higher in cast thacointrol soil. More attention to the effect
of earthworms to nutrients, different to C, N ori® necessary in order to explain these
contradictory results. Mineralization was more dajni interaction treatment and slower in
control soil; therefore, more frequently additioh arganic matter is recommended in
presence of earthworms to support continual pradtct Burial of organic matter was
higher forP. corethrurusthanA. corticis whereas burial in the interaction treatment was
similar to that forP. corethrurus It was showed the ability of this species fomfiaxg mull
profiles.
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A GEOSTATISTIC STUDY OF THE SPATIAL DISTRIBUTION OF
EARTHWORMS IN EL MOLAR, MADRID

P. Hernandez, M. Novo, D. Trigo, D.J. Diaz Cosin

Departamento de Zoologia, Facultad de Biologiayéhsidad Complutense, Ciudad
Universitaria, 28040 Madrid, Spain.

In the study of the spatial distribution of soilganisms, geostatistic methods are more
efficient and more robust than other availableradiives (such as dispersion indices) — the
latter are limited to the analysis of distributiaithin the samples taken (Rostial, 1995).
The present study made use of data collected iangkng campaign undertaken in El
Molar during the spring of 2001 (partially examiniedan earlier publication Hernandet
al., 2003), plus information collected in the sprangd autumn of 2002. Geostatistic tools
were used to determine the spatial distributioa ofimber of soil variables and of the three
dominant earthworm species. Canonical correlatizalyasis was also performed to detect
relationships between both groups of variables.

The earthworm community of the experimental ploswamposed of six species, of which
Hormogaster elisaeAllolobophora caliginosa and Allolobophora roseawere the most
abundant. The aggregation indices used showed gregaje type distribution for these
species. The semivariograms obtained for their dhooe basically fitted a spherical
model. The dominant speciel. elisae appeared aggregated in patches with a mean
diameter of 45.55 m in spring and 100 m in autuiamgely in the top right hand area of the
experimental plot.Allolobophoraroseawas distributed in patches with a mean diameter of
22.3 m in the upper central and left areas of tbe prhe patches containiny caliginosa

had a diameter of 38.3 m, all located by the sfde siream that crossed the plot.

A spatial distribution was seen for all the soitiahles studied except porosity (uniform
throughout the plot) and the soil moisture cont#r2001. A strong nugget effect was seen
for the latter, perhaps due to the distance betwleesample sites (14 m) being too great to
detect any spatial distribution.

Canonical correlation analysis showed a linearetation (r = 0.759; p< 0.01) between the
group of dependent variables (abundance of specied) the group of independent
variables (soil factors) that explained 45.61% haf variance of the former. A positive
correlation was seen between the abundanét¢ efisaeand the percentages of total sand
and coarse sand; a negative relationship was sé@énr@gpect to clay content, nitrogen
content, carbon content and the amount of coalse Bkactly the opposite relationships
were seen forA. rosea Given the low variance of the group of dependemtables
explained by the group of soil factors (26.28%eotbiotic and/or abiotic factors must also
influence the abundance of earthworm species iMBlar.
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A SIMULATION MODEL OF EARTHWORM INVASIONS: THE IMPA  CTS ON
SOIL NUTRIENT DYNAMICS

Huang, C.-Y. and Hendrix, P. F.

Institute of Ecology, University of Georgia, AthemsSA

Recently, “species invasion” has become an impbrissue, because invasive species
could completely change ecosystem structures amctifuns. Peregrine earthworm species
have been introduced mostly by human activitieg. (dorticultural plant imports, habitat
disturbance, and land-use changes) and distrimitmnthese exotic earthworms now
appear to overlap the range of native earthwormmamy regions. Previous references
indicated that native earthworm species have ajrelishppeared in several areas that are
now colonized by exotic species. Hence, the invasib exotic earthworms could alter
native earthworm communities and have an impactutrient cycling.

A simulation model has been developed to evaluatepbtential impacts of earthworm
invasions on nutrient cycles by considering thremlginations of earthworm community
structure: native earthworms only; exotic earthwermnly; and native and exotic
earthworms coexisting. This model also takes adcofifieeding and casting activities of
the earthworms. Responses of several variablesuding litter/soil organic matter,
microbial biomass and earthworm population, havenbevaluated. Preliminary results
show that exotic earthworms induce slightly highierobial biomass carbon and activities
after one-year simulation time. However, this effi@e microbes is suppressed when exotic
and native earthworms coexist. For wider applicatin terrestrial ecosystems, more
experimental data will be applied to calibrate salidate the model.
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LIFE FORM PATTERNS OF JAPANESE MEGASCOLECIDAE,;
MORPHOLOGICAL AND FUNCTIONAL VIEW

Kaneko, N., Blakemore, R.J., and Ito, M.T.

Soil Ecology Research Group Laboratory, Yokohamtaddal University.

Ecological studies on native earthworms in Japansttl rather limited. The dominant
families for natives in Japan are Megascolecidaapilgjastridae, and Lumbricidae. So far
around 70 Megascolecidae species are named, aktpheids, for which Ishizuka (1999,
2001) found patterns in the morphology of theiegtinal caeca. These patterns seemed to
correspond to the life form of the species classeditter-feeding epigeics, topsoil anecics,
and geophagous subsoil endogeics. We analysed staflle isotope C and N ratios of
native Megascolecidae worms and, from estimatidntheir food sources, have largely
confirmed the patterns proposed by Ishizuka (se¢@daet al.2004).

Megascolecidae epigeics are mostly annual spebisaverwinter as eggs in resistant
cocoons, whereas endogics are perennial surviimg@th. Growth rates in epigeics are
much higher than endogeics and these ecologicahctaistics should be closely linked to
their food resource use.

In this presentation we will compare body nitrogemtents, nitrogen use efficiency and
growth rates for further characterization of thfe lforms of Japanese Megascolecidae
earthworms. The various morphologies of the imasicaeca in relation to their function
will be briefly discussed.
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EARTHWORM POPULATIONS IN THREE ATLANTIC RAINFOREST
FRAGMENTS WITH DIFFERENT DISTURBANCE LEVELS NEAR LO NDRINA,
PARANA, BRAZIL

Vanesca Korasakf, George G. Browh Amarildo Pasirfi José Lop€'s

'Embrapa Soybean, C.P. 231, Londrina, PR, 86.00182il; “Departamento de
Agronomia,’Departamento de Biologia Animal e Vegetal, Univéasie Estadual de
Londrina, C.P. 6001, Londrina, PR, 86051-970, Brazi

Earthworms are known to be good indicators of soilditions, due to their susceptibility
to management practices, vegetation types, distaeha and other environmental
properties. Little is known of the earthworm comiities of Parana State, Brazil, and
therefore the present study was undertaken to atealthe earthworm communities in
Atlantic Rainforest fragments in the vicinity of hdrina, Parana State, Brazil, and the
effect of forest disturbance on their populatioBsrthworms were sampled from three
forest fragments at 1) the Godoy Forest State F@F; 2) the Arthur Thomas Municipal
Park (AT); 3) the State University of Londrina (UEtampus. GF is a moderately well
preserved primary forest, AT is a secondary forasgdvanced level of succession, while
UEL is a secondary forest at the incipient levesafcession. Disturbance levels could thus
be classified as UEL>AT>GF. Samples were takeménwet and dry seasons (March and
July) of 2005, and consisted 25 square soil blafka5 x 25 cm (1/16 A), taken in a grid
format, with 10 m distance between samples. Tweatyples were taken to 10 cm depth
and five to 30 cm depth (diagonally in the grid).the dry season, highest earthworm
density was observed at AT (475 indynfollowed by UEL (326 ind.M) and GF (24
ind.m?). Earthworm biomass followed the order UEL (15.89 > AT (6 g.m? > GF (0.8
g.m?). In the rainy season, highest populations weairagbserved at AT (1069 ind
followed by UEL (149 ind.i) and GF (139 ind.if). Earthworm biomass again followed
the order UEL (23.1 g.f)) > AT (18 g.n?) > GF (3 g.rf). Therefore, abundance and
biomass were generally higher in the rainy sea€mtoon abundance and biomass was
also greatest at all sites in the rainy seasothéndry season, more worms were found in
the 20-30 cm layer compared to the top 10 cm, thighexception of the UEL forest. In the
wet season, most earthworms inhabited the top 10ager. Earthworm abundance was
greater in the disturbed (UEL and AT) sites thae ttrimary forest (GF). Species
composition in the forests was also different. Giel lonly native earthwormsJfobenus
brasiliensis Urobenussp. andGlossoscolexsp.), while both UEL and AT had both native
(Urobenus brasiliensjsFimoscolex sp., Glossoscolexsp., Belladrilus sp.) and exotic
(Amynthas gracilis Dichogaster spp. andPontoscolex corethrurjisspecies, although
exotics predominated in terms of abundance anddssm
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EFFECTS OF ENDOGEIC EARTHWORMS (OCTOLASION TYRTAEUM,
LUMBRICIDAE) ON DECOMPOSITION OF PLANT RESIDUES DIF FERING IN
LITTER QUALITY IN AN ARABLE AND FOREST SOIL

S. Marhahand S. Schéu

Ynstitute of Soil Science, Department Soil Biologiiversity of Hohenheim, Emil-Wolff-
Str. 27, D-70599 Stuttgart — Germany;

I nstitute of Zoology, Department of Soil EcologyniMersity of Darmstadt,
Schnittspahnstr. 3, D-64287 Darmstadt, Germany

Litter decomposition is influenced by internal fa®, such as nitrogen and lignin content,
and external factors including soil type and sadtéd We studied the effects of the
endogeic earthworm speci€gtolasion tyrtaeunon the decomposition of litter materials
of different quality, i.e. forming a gradient frohngh to low C-to-N ratio, in an arable and
forest soil. Fragmented rye, maize and rape littere separately mixed into arable sail,
and maple, beech and woodgarlic litter into fosst. Soil with and without addition of
litter was incubated in microcosms at 20°C for 28%s. Rates of carbon mineralization of
high quality litter (low C-to-N ratio) were high ithe first months but decreased rapidly to
low levels later in the experiment. Decompositidriaa quality litter started slower but
decomposition rates remained high throughout theegment. Carbon mineralization was
increased by earthworms in the first half but daseel in the second half of the experiment.
Stabilisation of soil organic matter b9. tyrtaeumlater in the experiment was more
pronounced in the forest soil than in the arabié possibly due to higher content of silt
and clay. Leaching of mineral nitrogen was redubgdiow quality litter. Earthworms
counteracted the immobilisation of N by low qualityer, possibly by interrupting hyphal
connections between litter and soil or by competimigh microorganisms for easily
available carbon resources. Earthworms lost bodgsnfreatments with litter) or died
(treatments without litter) in the arable soil weas they did not grow (treatments without
litter) or increased in biomass (treatments witted) in the forest soil. Microbial biomass
was increased by the addition of litter, in paftecby high quality litter. Earthworms in
general slightly reduced microbial biomass. Micebbbiomass nitrogen and ergosterol
content was differentially affected by the typdittér and the presence of earthworms.

The results suggest that soil organic matter maystabilised in casts of endogeic
earthworms in the long term but the stabilisatiepehds on the soil material in which the
litter is incorporated. Early during litter decongition earthworms uniformly increase litter
decomposition irrespective of its quality. Litteuadity strongly affects the growth of
endogeic earthworms and this likely feeds backaxdhevorm-mediated changes in litter
decomposition and nitrogen mobilisation.
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EFFICIENCY OF ELECTROSHOCKING AND FORMOL EXTRACTION OF
EARTHWORMS COMPARED TO HANDSORTING IN AGRICULTURAL AND
NATURAL ECOSYSTEMS NEAR LONDRINA, BRAZIL

Priscila T. Martins? Daiane H. Nunés Amarildo Pasirfi Bruce Motté, Antonio A. dos
Santo$, Sérgio H. da Silva George G. Browh

'Embrapa Soybean, C.P. 231, Londrina, PR, 86.001 8/zil;
“Universidade Estadual de Londrina, Departamentagienomia, C.P. 6001, Londrina,
PR, 86051-970, Brazil.

Sampling of earthworms is generally a labor intemsind time-consuming activity and
means of reducing the time and effort necessargatople earthworm populations are
always welcome. Therefore, in the present study,cempared the efficiency of two
“quicker” and “easier” alternatives (electro-shaukiand dilute-formalin expulsion) in
relation to the traditional hand-sorting method.mBing was performed in four
ecosystems: 1) Native forest (secondary vegetat®yrgdge of a cattail marsh; 3) sorghum
cropping (after harvest); and 4) a >10 yr @gnodonspp. pasture grazed by horses.
Electro-shocking (Thielemann octet method) wasqgretéd over an area of approximately
0.4 nf for 20 min and immediately thereafter, earthwomese handsorted from 0.16°m
soil monoliths, to a depth of 30 cm, directly unuath the electro-shocked area. Formalin
(0.5%) was applied to a 1%area, 5-m away, and the surfacing earthwormsatelte Eight
samples were taken in the forest and the marsh Sarghmples were taken in the
agroecosystems. Earthworms were killed in alcoB6Pg) and then fixed in formalin. All
individuals collected with each method were cour{smparately into age classes), weighed
and identified to species level (when possible)itiseorm diversity was always higher
with the handsorting method (forest = 8 spp., @pgtem = 6 spp., swamp = 3 spp., pasture
= 2 spp.). Formol and electro-shocking yielded ast/8 species only, generally the faster-
moving epigeics and poly-humic endogeidsaynthas gracilisand Urobenus brasiliensis
predominated in the foredBontoscolex corethrurudominated in the marsh and various
Dichogasterspp. dominated in the agroecosystems. Earthwoumdsnce was highest in
the cropping system, followed by the forest, swaang pasture. Efficiency of the sample
methods depended on the ecosystem, the specigbamieasurement in question. At all
sites, electro-shocking yielded the fewest eartimggrand the extraction efficiency, was
generally low for the total earthworm populatiororh 0% in the pasture, where the soil
was compact and drier, to around 20-30% in the mingecosystems. Formalin expulsion
was also less efficient than handsorting (10-258%tept in the forest, where it yielded 5
times as many earthworms, primarily due to itsceffit sampling ofAmynthasand
Urobenusspp. Electro-shocking and formalin appear to hera@sting methods to sample
mostly large, surface-active earthworms, whereasi$@rting appears to be better suited
for smaller, mostly endogeic earthworm speciesallgea combination of both methods
should be attempted, to adequately sample botl langl faster moving earthworms often
missed by handsorting, and smaller, endogeic earthg; not adequately sampled with
formol or electricity.
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SEASONAL CHANGES IN EARTHWORM DENSITIES AND BIOMASS ALONG
ALTITUDINAL GRADIENT OF THE SILESIAN BESKID MOUNTAI  NS.

Anna Raert, Robert W. Mystajek

!Department of Ecosystem Studies, Institute of Emvinental Sciences, Jagiellonian
University, ul. Gronostajowa 7, 30-387 Krakéw, Ralarozen@eko.uj.edu.pl
2 Association for Nature WOLF, Twardorzeczka 229,324 Lipowa, Poland

The Silesian Beskid range is the westernmost pfathe Carpathians. The highest peak
reaches 1257 m a. s. |. The climate is charactefiigehigh precipitation (1200 mm per
year) and long lasting snow cover. The mountaires @ensely forested with a clear
altitudinal vegetation zones, namely: foothills @25 670 m a. s. I.), lower forest zone
(beech-spruce, 670 — 980 m a. s. I.) and highastarone (spruce, above 980 m a. s. I.).
The study on earthworms was carried out in thregtation zones — both in the meadows
and in the forested sites (beech, spruce, oak-kBamb alder-ash carr). In the spring,
summer and autumn of 2004 and 2005 earthworm contiesinvere checked on 11 study
plots. On every sampling occasion and on everyysplmt 5 samples (20x20x20 cm) were
dug out. Earthworms were separated from soil byltsmting.

Eight earthworm species were founiborrectodea caliginosaAp. rosea Dendrobaena
octaedra, Dendrodrilus rubidus, Eisenia lucens, buicus castaneus, L. rubellusnd
Octolasion lacteumThe changes in density and biomass were observegrdicg to
season and study year.
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HOW TO SAMPLE EARTHWORM POPULATIONS? A COMPARATIVE STUDY
WITH TWO CHEMICALS AND TWO SAMPLE SIZES

C. Pelos, Y. CapowieZ, M. Bertrand, J. R. Estrade

1 UMR d’Agronomie INRA INA PG, 78850 Thiverval-Grigno France
Z Laboratoire de Toxicologie Environnementale. UMNRIA/UAPV. Site Agroparc. 84914
Avignon Cedex 09, France

Earthworms conduct important agro-ecologic fundiosince they participate to the
evolution of organic matter and soil structure;yttege also good soil quality biological
indicators. The most efficient method to samplethwaorm populations combines an
extraction by spraying the soil with a chemical &add-sorting. Formaldehyde is the most
widespread chemical used but it is toxic for thele@orms and their environment, as well
as for the manipulator because it is cancer-produdiGunn, 1992). Hot mustard is
alternately used as an expellant (Lawrence and BQwW602) but this method is difficult to
standardize because the component concentratiensoatknown. The aim of this study is
to test the efficiency of two repulsive chemicatiluted hot mustard and formalin) on
earthworm extraction.

Six plots of a long term field trial were sampledaiutumn 2005 in Northern France. Eight
samples (four with mustard and four with formalor) each plot were drenched with the
repellents deposited within a 40x40 cm?2 frame. iB@otms emerging from the soil were
collected within a twenty minutes timeframe. Thé& s@s then excavated to 30 cm and the
earthworms were hand-sorted. The sample size wdfedtby excavating a 25x25 ¢cm? and
15 cm deep central block inside the highest.

The results showed that formalin is more effectimeextracting anecic and endogeic
earthworms from the soil than do hot mustard. &nfloughed system, the density (number
of individuals per unit area) reaches 62 Bwith formalin and only 51.3 fhwith mustard.
Concerning the weight per unit area, it is 12.6 gwith formalin and 10.3 g.ih with
mustard. Excluding hand-sorted earthworms, mugtaddformalin density ranges were 4.7
and 16.2 nif respectively and biomass per unit area were 1d06a8 g.1if respectively. In
the unploughed system, we measured the same teerdisve counted 2.5 times more
worms with formalin, when we excluded hand-sort@édncerning the sample size, the most
the sample surface is, the most the density anditineass per unit area increase.

Chan and Munro (2001) found that mustard extrastipced a 67% higher abundance than
the formalin but we showed in this study that folimas the most optimal chemical to
extract earthworms. The diluted hot mustard mettetwbuld be interesting if the
composition of the commercial product was morelstabhe Allyl Isothiocyanate (AITC)

is a molecule contained in the mustard; its efficie as a repellent for earthworms is
proved in the literature (Zaborski, 2002) and ipegrs to be a good compromise between a
“noxious” chemical and a method difficult to repume.

The 8" International Symposium on Earthworm Ecology
4" _ d" September Krakéw, Poland



Poster 79
EARTHWORM RESPONSES TO LIMING OF ACIDIC WOODLAND SO IL

!Piearce, T. G1Saleem, A.2McNamara, N andOstle, N.

!Department of Biological Sciences, Faculty of Sceeand Technology, Lancaster
University, Lancaster LA1 4YQ, UK

“Centre for Ecology & Hydrology, Lancaster Environth€entre, Library Avenue,
Bailrigg, Lancaster LA1 4AP

Liming of acidic woodland soils has been shownnmréase earthworm numbers, biomass
and species richness, apparently raising the dii#tjaof nutrients to earthworms. Transit
of acidic soil through the gut neutralises acidity that earthworm casts may represent
localised “hotspots” of elevated pH and nutriengitability. In this study responsiveness
of the acid-tolerant lumbricidSendrobaenactaedra Lumbricus rubellusandL. terrestris

to addition of calcium carbonate to acidic woodlesmil (pH 4.3) was examined by
assessment of burrowing rates, distribution in shibice chambers, avoidance of soil
extracts and soil palatability tests. All speciesponded positively to CaGGddition,
interspecific differences in responsiveness coording to the field distribution of these
species in relation to soil pH. The earthwormsdpaed near-neutral casts in acidic soil.
The Lumbricusspecies consumed moderate amounts of 14d and @85chsls, showing a
preference for the latter, but ingested acidic swire readily. Cast respiration rate was
substantially greater than that of parent soil daclined over time.
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DIVERSITY AND ECOLOGY OF SOIL ANNELIDS IN URBAN GRE ENS OF A
MEDIUM-SIZED CITY - PROJECT OUTLINE AND PRELIMINARY  RESULTS

Pizl V.! & Schlaghamersky 2.

Ynstitute of Soil Biology, Biological Centre AS CRa Sadkéach 7, CZ-370 @&eské
Budgjovice, Czech Republic

ZInstitute of Botany and Zoology, Faculty of Scienitasaryk University, Kotléska 2, CZ-
611 37 Brno, Czech Republic

The soil annelid community (mainly Lumbricidae aBdchytraeidae) is being studied in
urban greens of Brno - a medium-sized city locéatethe south-east of the Czech Republic
since spring 2006. Three pairs of isolated park&rmiwn history, situated in the central
part of the city and belonging to three size-clagtarge, medium and small), were chosen
for the study. The main project objectives arent@estigate potential links between (1) the
community structure and the plot size, (2) eartmwvand enchytraeid populations, (3) soil
characteristics and annelid communities, (4) comation of urban soils (mainly due to
air-born pollutants emitted by motor vehicles ang do the management of greens) and
soil annelids, (5) soil compaction by pedestriativdies and soil annelids, and (6) exotic
trees and shrubs and soil annelid communities.sElnepling scheme has been designed to
provide basic data on the species composition, dange, density and biomass of soil
annelids and on the corresponding urban soils. Heaaetal and polycyclic aromatic
hydrocarbon content shall be measured both initisee of the major annelid species and
in the upper soil of the study plots. The impacsoil contamination, soil compaction and
of exotic plants shall be investigated by samphiang gradients (transects from the outer
edges to the inner area of the parks; various ritist from individual exotic trees or
shrubs) or in pairs of affected and unaffected dagpoints (foot path versus adjacent
lawn). Detailed laboratory experiments will be @uar out to verify results of field
measurements and observations. In spring 2006t af seofficial pedestrian paths was
selected in the individual parks. To assess tliectsf of pedestrian activity on both
qualitative and quantitative parameters of soil edidncommunities, sampling of both
animals and soil was done simultaneously on theghspand in their vicinity (0.5 m
distance). Earthworms were extracted by the etadtdctet method, using the Worm-Ex Ill
device with a working area of 1250 tifr sampling point). To assess the community of
enchytraeids, soil cores were taken down to ca&m2ising a soil corer of 17 érworking
area. The soil cores were sub-divided into fouetayand enchytraeids were collected by
wet funnel extraction. To measure soil parameténrge soil cores (depth 0-15 cm) were
taken in each sampling point using Kopecky soil ganings. The cores were used for the
measurement of soil physical parameters (moistunt density and conductivity). Then,
the cores were divided into three sub-samples de{&, 5-10 and 10-15 cm) and used for
measurement of basic chemical characteristics. Wimnsity and biomass on and outside
of pedestrian paths were compared using ANOVA édmedWilcoxon nonparametric test.
The effects of changes of individual environmeip@lameters (soil compaction, moisture,
organic matter content, etc.) on soil annelids wevaluated using multidimensional
statistics (CANOCO programme). Preliminary resalts presented and discussed in this
contribution.

The study was supported by the Grant Agency AAER, project No. IAA600660608
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THE LIFE CYCLE OF THE EPIGEIC EARTHWORM, EISENIA FETIDA AS
INFLUENCED BY SEASONAL ENVIRONMENTAL FACTORS

Pulikeshi M.Biradar, Umesh M.S. and Amoji S.D.

Department of P.G.Studies and Research in ZoolBgiharga University, Gulbarga —585
106, Karnataka, India E-mail:pulikeshil23@rediffhram

Seasonal abiotic factors play very important rofe different aspects of various soil
organisms. We have conducted an experiment to ktlosv influence of seasonal
environmental factors such as room temperature @Rd)percent relative humidity (%RH)
etc on the life cycle of the epigeic earthworEisenia fetidain semiarid region of
peninsular India. One week old hatchling€E$enia fetidawere cultured (in triplicate) on
cattle manure at room environmental conditions veittficient moisture (70-75%) and
food with the onset of summer (February-May), mamsdJune-September) and winter
(October- January) seasons prevailing in this regi@bservation were made with respect
to all life activities such as growth, attainmerft sexual maturity, commencement of
cocoon production, cocoon weight, incubation peripdrcent hatching and number of
hatchling per cocoon to find out the influence ofy@iling seasonal environmental factors
on the life activities of this worm. Results reveshthat overall life activities of the epigeic
earthworm,Eisenia fetidawere significantly more during winter followed bywonsoon
season. Least activities of this worm was obseditihg summer season. Vermiculture
and vermifarming withEisenia fetidacould be undertaken effectively during winter and
monsoon seasons in semiarid region of peninsutia.ln
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COMPETITION BETWEEN H. ELISAE ALVAREZ, 1977 AND OTHER
EARTHWORMS IN EL MOLAR, MADRID (SPAIN)

M. Ramajo, P. Hernandez, J.B. Jesus, D.J. DiamCosi

Departamento de Zoologia, Facultad de Biologiayé&hsidad Complutense, Ciudad
Universitaria, 28040 Madrid, Spain.

An unusual distribution of earthworm species waseoled in an experimental plot in El
Molar (Madrid). The three most abundant speckdgrmogasterelisae Allolobophora
caliginosaandAllolobophora roseaappeared

in three, relatively isolated areas. A possiblplaxation for this might be competition.
Competition between species often centres on fdloe; capacity to obtain food, the
efficiency of its use, and resistance to a lackoofl etc., all play their part. However, the
observed distribution might also be explained by dlecupation of space or other factors
(Margalef, 1974). The aim of the present work wasdetect the possible intra- and
interspecific relationships between theses threeisp in the laboratory.

Three types of microcosms were prepared: Monospéciintrols). These contained either
H. elisag A. caliginosaor A. rosea but always alone. Two types of control were get u
single (Control A) and double (Control B). The Bticontrols contained twice the initial
biomass of the single controls, thus allowing isprecific competition to be studied.
Polyspecific These cultures contained eithérelisaeplus A. caliginosa, H. elisaplus A.
roseaor A. caliginosaplus A. rosea.Soil from each of the three areas of the experialent
plot (i.e., theH. elisae,A. caliginosaandA. roseaareas) was used as the culture medium,
rendering a total of nine treatments (6 replicgtestreatment) for each soil type. The sail
was renewed every 14 days. The experiment lastedrfionths. At each soil change the
earthworms were weighed and their state of matwatporded; the numbers of dead and
quiescent individuals were also registered. Cosoarre isolated by passing the soil
through a sieve column. Mortality for the three@ps in each treatment was practically
zero, with no significant differences between tmeaits. The results show that, in the
microcosms containing soil from the plot area whereslisaewas the sole species (more
sandy and poorer in organic material), intraspedémpetition occurs inl. elisaeandA.
roseaas well as interspecific competition between these species This is possibly due
to the lack of food resources owing to the scangyanic material availableAllolobophora
caliginosa however, appeared to benefit from the presendbefther species and also
grew more quickly in the double controls, perhapsause earthworm activity (production
of mucus and casts etc.) improves the poor sailmicrocosms containing soil from the
roseaarea, intraspecific competition was seerHinelisaeand inA. rosea Interspecific
competition between these two species was also. deepontrast, the growth oA.
caliginosawas not affected by the presence of the otheriepealthough the presence of
A. caliginosadid affect the growth of. rosea.ln the soil from theA. caliginosaarea,A.
caliginosaitself showed intraspecific competition and intersfic competition withH.
elisae. No differences in growth were seen betwdédn elisae and A. roseain the
monospecific and polyspecific treatments. Togethbese results show interspecific
competition exists betweehl. elisae and A. roseain soils where these species are
dominant, but in thé. caliginosaarea all three species could coexist.

The results forA. caliginosavaried depending on the soil type. In poor stiiks species
benefited from the presence of the other species,ibthe A. caliginosaarea soil the
presence ofl. elisaenegatively affected its growth.
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SAMPLING OF EARTHWORMS WITH NON-STANDARD METHODS:
SURPRISING RESULTS FROM GERMAN FOREST SITES

Roembke, Joerg, Dorow, Wolfgang, Flechtner, Guetitkopelke, Jens-Peter

ECT Oekotoxikologie GmbH, Boettgerstr. 2-14, D-6843o0ersheim, Germany,
Forschungsinstitut Senckenberg, Senckenberganide-80325 Frankfurt/M, Germany

In 1990 the provincial government of Hesse, Germargooperation with the Senckenberg
Institute started a longterm survey of the sucoessh forest reserves. 31 formerly
managed areas covering all different forest typellésse, are allowed to mature without
direct human influence. A broad faunistic invent@rgonducted step by step in all of these
reserves using a wide range of traps and hand sagpler a period of two years. The first
three sites, which have been studied are coveredlifigrent types of beech (Fagus
sylvatica) wood. 13, 21 and 22 sites (dependintherrichness of different structures in the
reserve) were studied with a triplett of pitfaliss; 4 living and 4 standing dead beech-tree
trunks were studied with trunk eclectors in 1.80e&ight.

Although no special research program was run feragarthworm fauna, pitfall traps and
eclectors at tree trunks provided an overview ef doalitative spectrum of the eathworm
biocoenoses. Most worms were found in the pitfaps$, but an astonishing high number
did enter eclectors — not only on dead wood bub @s living trees. The number of
lumbricid species varied between 9 and 13 at theetlsites while the composition was
comparable. However, when comparing pitfall-trapg aclectors, both showed completely
different sets of lumbricids. In the pitfall-trappecies from all three ecological groups
were found (mainlyLumbricus rubellusbut alsoAporrectodea caliginosand Lumbricus
terrestrig. In fact, more or less all species either exgbétem these sites or already found
in monitoring studies were identified in the pitfakps. In the tree eclectors the number of
species was lower (4-5) and the most dominant epewias by falLumbricus eiseni
(recently moved to the new genéilolobophoridellg. This worm classified as an epigeic
species and often considered as rare in Germaagmss® be a true cortical species which
was simply overlooked in most studies focused an gbil inhabitants. It seems thiat
eiseniis a common worm of forest sites (in particulathainoderately acid soils and beech
wood) in Central Europe which can provide an impottpart of the total invertebrate
biomass due to its high numbers at these sitekesber extent alsDendrodrilus rubidus
and Dendrobaena octaedravere present in the eclectors, which documents ahaeven
larger part of our Central European lumbricids fauis climbing up tree trunks.
Unpublished results from collectings in the crovegion of Bavarian forests show, that
even in this stratum lumbricids are present Thpsgciic sampling programmes focusing
on these species (and also enchytraeids) shodufdtiaged in order to clarify the ecological
role of these oligochaetes outside their “normalbitat.
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FROM MOWING TO GRAZING: DOES THE CHANGE IN GRASSLAN D
MANAGEMENT AFFECT SOIL ANNELID ASSEMBLAGES?

Schlaghamersky J& Pizl V.2

Ynstitute of Botany and Zoology, Faculty of Scienklasaryk University, Kotlgska 2, CZ-
611 37 Brno, Czech Republic

ZInstitute of Soil Biology, Biological Centre AS CRa Sadkach 7, CZ-370 @eské
Budkjovice, Czech Republic

Changes in agricultural policy in the last decdu®ee led to alterations in the management
of Central European grasslands. In managing gradslaextensive pasturage represents
today a cheap alternative to mowing. It has begieémented even in traditionally mowed
meadows of high conservation value, disregardingpidssible negative effects on these
grassland ecosystems.

Soil annelid assemblages were investigated withicomprehensive research project to
assess the impact of cattle and sheep grazingrorefty mowed meadows. The study was
carried out in 2004-2005 in the White Carpathianssphere Reserve, Czech Republic.
Three pairs of grassland plots representing plaminounities characteristic of the area
(Polygalo-Cynosureniomnd Arrhenatherion were chosen for the study. In each pair of
plots grazing was taken up in one plot while mowaamtinued on the other. After this
management had been established, earthworms, eaeidg and other small annelids were
studied based on two years of sampling in springy amumn. Annelids were extracted
from soil cores (heat and wet funnel extractiospeztively) and identified to species.
Earthworm density was significantly higher in thehenatherionplot (120.8 ind.ns) than

in the Polygalo-Cynosureniomlots (67.2 and 19.2 ind:f The shift from mowing to
grazing had a negative impact on the assemblagesrttiworms, significantly reducing
their density at all sites under study (densitiesnowed vs. grazed plots were 137.6 vs.
104.0; 92.8 vs. 41.6 and 35.2 vs. 3.2 ind.mespectively). The number of species per plot
was 7-8, with an only weak effect of grazing obsenat two sites. At the third site
(Polygalo-Cynosurenion however, grazing led to a reduction of speciesimer from 7 to

2. There were significant effects of grazing on streicture of earthworm assemblages at
all sites, populations of the epigeizendrobaena octaedrand the anecid-itzingeria
platyurabeing most affected.

Enchytraeid species numbers ranged from 12 to 2Blpt the species-richest plot was the
only one harbouring also non-enchytraeid annelidsnoall body-size, i.eRhyacodrilus
falciformis (Tubificidae) andAeolosoma hemprict{Aeolosomatidae). In two pairs of plots
species numbers were higher in the meadows, ircase the pasture had the species-richer
assemblage. Enchytraeid densities per plot and lsagate ranged between ca. 3 500 and
27 000 ind.rif. There was no consistent trend indicating an effegrazing on enchytraeid
densities. Regarding vertical distribution enchgitia seemed to be more accumulated in
the uppermost soil layer in pastures when comptrétde mowed meadow plots, but this
trend was again not very consistent.

The study was supported by the Ministry of the ienwent of the Czech Republic,
Projects Vav610/10/00 and VVaV620/11/03
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TOPOLOGICAL VARIATIONS IN THE SEASONAL DYNAMIC OF A. caliginosa
SUBPOPULATIONS UNDER DIFFERENT FOREST STANDS

B.R. Striganova

Institute of Ecology & Evolution, Russian AcadenfySziences, 119071 Moscow

Assessments of effects of the recent climatic trendsoil biotic communities requires
precise investigations of the population dynamidkeystone pedobiont groups and their
spatial-temporal variations. This task is of actuaferest for polytopic species of
earthworms with wide geographic ranges.

Comparative studies of the seasonal dynamic of Bpsoulations of Aporrectodea
caliginosa Savigny were carried out in 2 forest typ&céetum oxalidosurand Tilietum
caricosun) belonging to one forest massif (Moscow regiohhese forest types are
characteristic of the coniferous-broad-leaved fisrad Russian Plain. A comparatively
short distance between these forest plots allowexthanges by soil animals. Local
microclimatic differences in soil (loamy luvisolsin experimental forest stands were
determined by litter content and decompositionatigit. Earthworms were numerous in
both forest plots (170-220 Ind.finA. caliginosapredominating among them (25 % - in
Piceetumand 80 % — iTilietum).

The seasonal dynamic of the abundance, productioth opulation structure of
A.caliginosawere studied during 2 subsequent years using aeguiantitative samplings
(8 times from April to October) of standard soilre® (25 x 25 x 20 cm, 10 parallels).
Growth rates of different weight groups were stddie field and laboratory experiments.
Results obtained were used to determine the agectste of A.caliginosa local
subpopulations. The growth rates Afcaliginosafrom forest habitats were a little lower
than those in experiments of Nowak (1975).

In the spruce stand the abundance curveAofcaliginosa subpopulation showed two
maxima - in April-June (46-42 Indfnand in late October (27,2 Ind7m with the
minimum (17,6 Ind./rf) in August. Mature earthworms of 2-4 years ol@Q®00 mg)
predominated in April-June. At that time an actiy@wth of separate age groups was
recorded. The maximum emergence of juveniles frootoons was observed in
midsummer-autumn, and the population structur@tmecbimodal with the predomination
of two cohorts of juveniles - hatched in the latéuan (160-240 mg) and in summer (40-
120 mg). Relative significance of these groupshim population averaged 30 and 28% in
August and 20 and 55 % - in October. Old individua August-October were practically
absent in samples. After aestivation they trangdibeuibernation in inactive condition.

In the lime forest a high population numbersAofcaliginosawere supported during the
spring-summer (145-133 Indfmwith the autumn decrease to 110 Ind./mThe
population structure preserved the bimodal formrirgu the whole period. Young
specimens of 1-4 months old were presentiedsamples from April to late October,
consisting 22-33 % of the total numbers. The ofitedominated group was represented by
mature individuals of 2-4 years old (350-700 mg)eTcocoon production and hatching of
juveniles were observed in the lime plot practicdlliring the whole warm season.

Results of field investigations showed that locaicroclimatic conditions determine
cardinal differences in seasonal activity and rdpotion rhythms and population structure
of earthworms. This ecological resilience of cancbasidered as the adaptive population
strategy ofA. caliginosadetermined the polyzonal distribution of this spec
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VERTICAL SEED TRANSPORT BY EARTHWORMS: IMPLICATIONS FOR
THE DIVERSITY OF PLANT COMMUNITIES

Johann G. Zaller, Nina Saxler

Institute of Organic Agriculture, University of BonGermany

Earthworms are supposed to play an important roddtering the dynamics of the soil seed
bank and to have a close association to the disiito of certain plant species. To evaluate
the impact of the earthworm speclasnbricus terrestrioon the vertical transport of seeds
in the soil, we conducted a full-factorial greenbewexperiment where we placed a defined
number of seeds in different depths of a soil coldiameter 15 cm, length 40 cm; n = 3)
and added four adult individuals bf terrestris The seeds distributed in the soil column
were of a grass specidddctylis glomerat two non-leguminous grassland herBsifnex
obtusifolius, Taraxacum officingleand a leguminous herb speci€gifplium repeny.
Preceding palatability tests showed that seedbeaxfet species were eaten by earthworms.
Results demonstrated a significant bi-directionad apecies-specific translocation of the
seeds by earthworms after a period of three moBthsng the course of the experiment up
to 2150 seeds mof a single speciesT( officinald were translocated by earthworms.
Interestingly, seeds of different species weredi@ated in different directions and over
different distances. In order to link the findirfgsm the greenhouse experiment to the field
situation, we also monitored seeds present and igatimy on earthworm surface casts
collected in a perennial grassland over five weBkging the sampling period we recorded
around 500 seedlings frof 32 plant species in surface casts. These seshltwed that
earthworm activity has a substantial impact onuwbsical distribution of seeds in the soil
and hence possibly also on the plant recruitmetiti;mspecies-rich ecosystem.
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NIRS SPECTRAL SIGNATURES OF CASTS OFAPORRECTODEA CALIGINOSA
FED DIFFERENT ORGANIC SUBSTRATES

1Zhang, C.3Velasquez, E?Pando, A., Brunet, D'Dai, J.,’Lavelle, P.

College of Natural Resources and Environment, S@hina Agricultural University,
510642,Guangzhou, China

2UMR 137 BIOSOL, IRD/Université de Paris 6, 32 ruerd Varagnat, 93143 BONDY
Cedex, France

Immature individuals oA. caliginosawere kept for 16 weeks in laboratory cultures fatt
soil added with respectively 0, 10 or 50% of a ratBopulus nigraleaf compost. Growth
was maximum in the 10% organic matter treatment@wbon production occurred. Soll
ingestion rates decreased from 1.4 to 2.2 fresh weight of worm.dayin control soil to
respectively 0.78 -1.28, and 0.24-0.469g respegtivetreatments with 10 and 50% natural
compost. Surface casts never comprised more th#naf@otal cast production. Near Infra
Red Spectrometry signatures of digested and nogsted soil significantly differed and
showed a rather constant effect of digestion, ieddpnt from the organic matter content
(p<0.01). These results confirm the value of NIRSctral signatures as indicators of the
origin of soil aggregates.
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COELOMIC FLUID PROTEINS AS BASIC COMPONENTS OF INNA TE
IMMUNITY IN EARTHWORMS

Ellen Kauschke

Ernst Moritz Arndt University Greifswald, Institutd Anatomy and Cell Biology, Fr.
Loeffler Strasse 23c, 17487 Greifswald, Germany

The coelomic fluid (CF) of earthworms contains €£edind many molecular components
involved in innate immunity of these species. Amahgse are glycoproteins of lectin
character which contribute to the recognition akfgn material in the coelomic cavity by
binding to carbohydrates. Moreover they cause iitamobilisation by agglutination and
destruction by membrane lysis. Further humoral comepts phenoloxidase, proteases and
other enzymes are mainly involved in the eliminatid foreign material.

Based on the analysis of several earthworm spe(idmlobophora chlorotica,
Apporectodea caliginosa, Dendrodrillus rubidus,ehia fetida, Lumbricus rubellus, L.
terrestris) we showed that wounding as well asinfection of foreign material into the
coelomic cavity increases coelomocyte numbers haddtivity of some easily measurable
humoral immune factors like proteases, agglutiaimg lysins. Moreover newly synthesised
proteins were identified within the protein patt@fnCF after challenging, suggesting their
involvement in immune reactions. Differences in tpase activity become obvious
especially by comparing enzyme patterns of untceatel stimulated CF samples separated
by electrophoresis. Earthworm CF proteases argivella heat stable, posses an activity
optimum at neutral to basic pH and are classifidniy as serine proteases, presumably
involved in melanization and phenoloxidase actomtiThe naturally occurring titre of the
hemagglutinating activity varies among the earthwospecies investigated but was
generally increased after stimulation. An enhanbgid activity was evident for some
species after stimulating the immune response.nfadil these facts it can be summarised
that disturbance of the homeostasis in earthwoe®slts in an increased immune response.
Some of these immune proteins might be considesesiigable bio-markers in monitoring
environmental conditions. Protease pattern andepsst activity may assumed to be
promising candidates in this regard and are eaapatyse.
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NEW INSIGHTS INTO THE STRUCTURE OF THE EARTHWORMS’
CALCIFEROUS GLANDS

Briones M.J.1.1, Alvarez-Otero R.2, Piearce T.G.&&go-Duport L.4

1Dept. Ecologia y Biologia Animal. Facultad de Bgik.

Universidad de Vigo, 36310 Vigo, Spain; 2Dept.IBgda Funcional y Ciencias de la
Salud. Facultad

de Biologia. Universidad de Vigo, 36310; Vigo, Sp&@Department of Biological
Sciences, Faculty of Science and Technology, Laecékiversity, Lancaster LA1 4YQ,
UK; 4Dept. Geociencias Marinas y Ordenacion delif@io. Facultad de Ciencias del
Mar. Universidad de Vigo, 36310, Vigo, Spain

The oesophageal glands of earthworms are commefigyred as calciferous glands or
glands of Morren. They are present in all specfabefamily Lumbricidae and, despite the
number of biological roles attributed to these dkifegg formation, pH buffering of the
blood and the ingested food, excretion and respiratheir true function is still unsolved.
In the past several authors have tried to dest¢hibestructure and activity of these organs
with special emphasis on certain species (&wgnbricus terrestris however many
structural aspects are still unknown and the digpniice of their secretions remains
uncertain.

In this study we provide new insights into the mmiogy and histology of several
earthworm species belonging to six genetdio{obophora, Aporrectodea, Lumbricus,
Dendrobaena, Eisenia, Octolasioncollected from different locations in Europe.
Earthworms were hand-sorted in the field and taba&ck to the laboratory for removal of
the glands by dissection. For the histological d&tochemical study several staining
techniques were used: (i) some thin sections ofgtheds were stained with the standard
hematoxylin-eosin methods, (ii) other sections wesated with either periodic acid-Schiff
reagent (PAS), alcian blue (AB) at pH 2.5 or PAS-AB detect the presence of
mucosubstances, and (iii) the presence of calciuthe gland was determined by the von
Kossa technique.

The morphological study of the different generaveta that the anatomy of the gland falls
into three types: (i) pouches and oesophageal gerants presentLumbricus,
Octolasion),pouchegpresent but no enlargemensdi¢lobophora, Aporrectodéapouches
absent but enlargements presebterfdrobaena, Eisenja Calcium secretion usually
appears initially to be a “milky fluid” and in thesspecies with pouches the calcium
carbonate crystals aggregate resulting in biggecretions of different sizes. Pouches open
to the oesophageal lumen allowing the release edettbig granules to the gut. Calcium
secretion into the lumen is also likely to occumotigh the gland’s inner epithelium as the
milky fluid is often seen wrapping the ingested enal. The greatest gland activity was
observed in the gendsimbricuswhich showed the largest concretions inside theches
as well as a great number of crystalline structiegsveen the lamellae. These structures,
mostly consisting of neutral mucosubstances, wése abserved to a lesser extent in
Allolobophora, AporrectodeandOctolasionspecies.

These results highlight the differences in the rotpgy and activity of these structures
among different species.
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IDENTIFICATION OF VALOSINE-CONTAINING PROTEINS (VCP ) AS A
NOVEL SPERMATOGENESIS RELATED FACTOR IN EISENIA FETIDA
(SAVIGNY, 1826)

Shinobu GamolTomoharu Suzukj Makoto Hondj Seiji Matsumotd and Stephen R.
Stiirzenbaur

Kyorin University School of Health Sciences, 476y&thita, Hachioji, Tokyo 192-8508,
Japan
2 Cardiff University School of Biosciences, Cardifff10 3TL Wales, UK

It is of particular interst to investigate the mantsm of reproductive organ differentiation
and gametogenesis in annelida. In an attempt tatésgonad relatedgenes from the
common Lumbricidae earthwormEisenia fetida (Savigny, 1826), we have isolated two
members of AAA family (ATPase-Associated with disercellular Activity) with sequence
similarities to mammalian valosine-containing phate(VCP). The primary sequences,
referred to as eVCP-1 and eVCP-2, display a siitjlaf 74%. The predicted amino acid
sequence reveals that eVCP-1 contains two AAA dogjaione amino-and one
carboxylproximal. eVCP-1 also contains a VCP/P9¢A®d consensus carboxyl-terminal
motif including a stretch of acidic residues andasboxyl-terminal tyrosine (DDDLY).
Likewise, eVCP-2 also contains two AAA domains, lbdes not have the carboxyl-
terminal DDDLY motif. The deduced amino acid seqeenf eVCP-1 is 58.9% identical to
eVCP-2. The intron/exon organization of evcp-1 andp-2 was deduced from fragments
amplified by genomic PCR. Both contain 14 intromsd a5 exons with 10 conserved
intronic splice sites. All introns, apart from iotr 9 in evcp-1, comply with the GT-AG
rule, an observation that is analogous to humanwiogre intron 14 fails to obey the rule.
At least eight introns are conserved in earthwomd amammalian VCPs , strongly
suggesting that the VCPs originate from the sameestral gene.However, based on
phylogenetic analyses, there is evidence that e2GRay be distinct, and possibly an
invertebrate specific member in the VCP/P97/Cdci#8pily. An investigation by reverse
transcription-polymerase chain reaction (RT-PCRyeated that, whilstevcp-1 was
ubiquitously expressed during all developmentafjetsaevcp-2was specifically expressed
in the anterior segments of mature (ciliated) eeotims. In situ hybridization clearly
demonstrated thatevcp-2 is expressed in the seminal vesicles, the locatain
spermatogenesis, and more precisely within the ptydces surrounded by secondary
spermatocytes or spermatides. Taken togetheretiience leads to the notion that eVCP-
2 is a likely component involved in the final modltibn of spermatogenesis.
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EARTHWORM EISENIA FOETIDA AS A SOURCE OF MACROMOLECULES
WITH DIFFERENT BIOLOGICAL ACTIVITIES

Mira Grdisa, Terezija-Mihaela Hrzenjak

Div. Molecular Medicine, Rudjer Boskovic Institutgijenicka 54, 10 000 Zagreb, Croatia

The glycolipoprotein extract (G-90) obtained frasstie homogenate of eartworm Eisenia
foetida has many biological characteristcs, whiehuwsfull in different biological
processes. This extract showed interaction witkolgioal materials from evolutionary
more developed species, such as serums, erythsoeytamal and transformed cells in
culture of birds and mammals. The extract haslalsine activity. Depending on the
concentration, it acts as agglutinin, hemagglutinmitogen, anticoagulant, fibrinolytic and
intermediate agent in cell impulse transmissiomt Bfthe structures responsible for
described activites are isolated and charactefizegimically and biologically). These
structures are growth factors belonging to inssiiperfamilly, adhesins — integrins from
immunoglobulin superfamilly and serine proteases wipsin code with fibrinolytic and
anticoagulant activities. Based on the our reseamntk and those from literature data
about regenerative ability of earthworm, we foulmat tG-90 contains the structure and
qualities required for “in vivo” tissue regeneratiprocess. The macromolecular mixture G-
90 in nanograms and micrograms concentration stitesliproliferation of the cells,
depending on the type. In terapeutic concentra@®®® is not toxic, allergenic, mutagen
nor carcinogen. It has strong antibacterial agtiliit vivo” and “in vitro”. G-90 protected
cells in culture from oxidative damage, caused ymrtigen peroxide. G-90 stimulates
cellular immune system. As fibrinolytic and antigo#ant it can participate in an active
maintenance of homeostasis. G-90 has an abil#jitaulate the synthesis of growth
factors and helps in tissue regeneration. It sttesl proliferation of fibroblasts and
epithelial cells, as well as their differentiation.
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EFFECT OF EARTHWORM PASTE (LAMPITO MAURITII, KINBERG) ON THE
ANTI-INFLAMMATORY, ANTI-OXIDATIVE, HAEMATOLOGICAL A ND
SERUM BIOCHEMICAL INDICES OF RAT ( RATTUS NORVEGICUS)

'M.Balamurugan'M.Prakash!K.ParthasarathfE.L. Cooper andL.S.Ranganathan

IDivision of Vermibiotechnology, Department of Zoglg Annamalai University,
Annamalai nagar- 608002, India;
2UCLA Neurobiology; BOX 951763; 63-230 CHS; Los Atgg CA 90095-1763

From time immemorial earthworms have been used dkempeutic agent. Recently
earthworm protein and its coelomic fluid were répdrto have cytolytic, agglutinating,
proteolytic, haemolytic, mitogenic, anti-pyriticurhorstatic and antibacterial activities.
Vohora and Khan found earthworms to have healifgcebn wounds, chronic folds, piles
and sore throat. Earthworm's anti-pyretic propsriiere reportedly tried in China and
Japan in reducing fever. Hogt al have reported significant anti-pyretic activity of
earthwormsLumbricus sppand Perichaeta sppBhatnagar and Palta have reported that
earthworms when ingested in to our body systenrease body heat and are of value in
neural disorders, bronchitis and tuberculosis andurring rheumatism. Miharet al have
reported the earthworml,umbricus rubellusto be potentially very useful in treating
thrombosis and infact, orally administrated eartmvgowder was capable of digesting
intra vascular fibrin clots. The anti-inflammataoagtivity of earthworm paste (EP) and its
extracts in different solvents were studied in gasmin induced oedema and cotton pellet
granuloma in rats. It was found that the anti-imftaatory activity of earthworms was
similar to that of aspirin on carrageenan inducedema. Experiments were conducted to
understand the therapeutic properties such as irdlainmatory, anti-oxidative,
haemataological and serum biochemical markers ofhwarm paste (EP) from an
indigenous specietampito mauritii (Kinberg), in comparison with the standard anti-
inflammatory drug- aspirin, on Wistar albino r&attus norvegicys Our results showed
that the administration of aspirin (75 mg/kg) offetient doses of EP (20, 40, 80, 160 and
320 mg/kg), reduced inflammation and restored noranal condition, both in acute as well
as in chronic phase. We found that the effects weoee significant when 80 mg/kg EP
was administered compared to aspirin or other dos&. Under this condition, in the
liver of acute phase inflamed rats, the levelseoiuced glutathione, glutathione peroxidase,
superoxide dismutase, catalase and thiobarbitaritreactive substances were found to be
normal. Also in the liver and muscle of chronic ghanflamed rats, levels of reduced
glutathione and glutathione peroxidase were nornRalctthermore, in chronic phase
inflamed rats, the following parameters were norrhaematological parameters e.g., red
erythrocyte corpuscle, white leukocyte corpuscléfekntial levels of neutrophils,
lymphocytes, eosinophils, haemoglobin and serunth@mical contents e.g., protein,
albumin, glucose, cholesterol, acid and alkalinegphatase, electrolytes e.g., sodium,
potassium and chloride. These results reflect tesgmce of anti-inflammatory effects of
EP, which may scavenge the free radicals /and udies the activities of anti-oxidative
enzymes, and normalizes the haematological andnskiechemical characteristics.

Cooper EL. Bioprospecting: a CAM Fronti&vid Based Complement Altern M2@05; 2:
1-3.
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A NEW ANTIBACTERIAL VERMIPEPTIDES FAMILY FROM EARTH WORM
ESENIA FETIDA

Zhenjun Sun *, Yangin Liu, Xichun Zhang, Chong Wa@aiozhen X|

College of Resources and Environmental SciencesaGkgricultural University, Beijing,
100094, China

By using a simple and effective method of earthwpeptide inducement, separation and
purification we established in our laboratory anchiaved the patent in 2004, five

antibacterial peptides (EP1 to EP5) were isolated purified from earthworm tissue

homogenate liquid and coelomic fluid in this resbawhich contained 5-7 amino acids
with the same or similar amino acids sequence Ad-Whl-Ser-Gly, was named the

antibacterial vermipeptides family (AVPF) accordingth the structure characteristic of

these antibacterial peptides. The resistance of &P@2EP3 to MGCB803 cell was found in
this research. The AVPF exist wide antibacterigcgglity, for example of EP3, the results
of anti-tumor activity of EP3 were that: EP3 couduse apoptosis of HelLa cell. The
apoptotic activity was dose dependent. And thestiokl value of EP3 to cause apoptotic
on HelLa cell was 0.75mg/mL, with an apoptotic rafe48.12%. The mechanism of

antiviral activity of EP3 was inhibiting the dupdite of virus DNA.

AVPF concentrations and activities varied with ttedation between the variation of

survival environmental and the activity change ofilzacterial peptides. In this research,
we used environmental factors induced antibactpegtides, compared with methods both
damage inducement (shearing-off) and no damageulsties (the treatment of shake and
heavy metal). Results showed the biology and etétytinduced method was the effective
induction to the production of earthworm antibaietepeptides. The ecology mechanism
principle of induction expression to the earthwoamtibacterial peptide named trigger
theory was proposed firstly in the research. Thaulte from this paper and our former
researches provided the foundation of earthworns@logyy adaptation to the stressing
environment and proved the theoretical hypothdsi$ peptides may be the antibacterial
component in the antibacterial system of earthwooelomic fluid.
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IDENTIFICATION OF EARTHWORM COELOMOCYTE SUBGROUPS W ITH
IMMUNOLOGICAL AND MOLECULAR BIOLOGICAL APPROACHES

Balazs Opper, Peter Engelmann, Tamas Czompoly, fEdwCooper*, Peter Nemeth

Department of Immunology and Biotechnology, Facoltyedicine, University of Pecs,
Hungary;

*Laboratory of Comparative Neuroimmunology, Departiof Neurobiology, David
Geffen School of Medicine at UCLA, University of i@arnia, Los Angeles, LA, 90095-
1763, USA

Coelomocytes are immunologically active cells ptagya major role in cellular immune
functions of earthworms. Functional investigatioasd microscopy reveal various
subgroups of coelomocytes, which have differentphological and functional properties.
Chloragocytes are important in nutrition, heavy ahetequestretation, production of
antimicrobial (cytotoxic) molecules- and respirgtgpigments. Hyaline coelomocvtes,
granular coelomocytes are essential in cellulagatdir functions such as phagocytosis and
encapsulation.  Our aims include the charactedmatdf earthworm coelomocyte
populations

using modern immunological methods and identifaatof specific molecular markers
characteristic of coelomocyte subgroups. Usinw fiytometry, coelomocytes show three
groups according to physical parameters. A setafthworm coelomocyte specific
monoclonal antibodies (anti-EFCC mAbs) was producagainst Eisenia fetida
coelomocytes. Anti-EFCCL1 (3/C2) clone labels th®le coelomocyte pool. Anti-EFCC2
(1/B1) marks specific intracellular structures e tchloragocyte population. Intracellular
staining was observed in the hyaline amoebocytagrsing anti-EFCC3 (2/B1) mAb. A
third cell population was labeled with anti-EFCCGIG1). A few EFCC4 positive cells
have also been identified in the coelomic caviBeveral antibody-producing clones with a
similar reaction

pattern were raised within the EFCC1 category.demiify the target sequences of the anti-
EFCC mAbs we used a random peptide library, exptesm the VIII. coat-protein of
filamentous M13 bacteriophage. After repeatedohmnient with anti-EFCC1 mAb, several
phages were analyzed with indirect ELISA. Accogdio the ELISA results high positive
phage clones were sequenced providing a 6 AA ISIESDSC) target sequence of anti-
EFCC1 mAb. Phage inhibition ELISA was used to fyetine epitope of a-EFCC1 mAB.
Interestingly, this anti- EFCC mAb, but no othehows reactions with cells of other
earthworm species, and by comparison tissues offrighwater snail Rlanorbarius
corneus-

In summary we developed immunological tools for céfie identification of
morphologically and functionally distinct coelomaey clusters. Using a powerful
molecular biological

methods we identified an epitope of our a-EFCC1 miAdwever the epitope mapping of
the other anti-EFCC mAbs are still in progress.
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THE SEARCH FOR INNATE IMMUNE RECEPTORS ON EARTHWORM
COELOMOCYTES

Joe W. Francfs Stephen Wreesméh Katie Reigstad®, Rebekah Eggéaf, Michael
Enos™ Stephan Krutzikand E.L. Coopér

The Master’s College, Santa Clarita Califofnia

David Geffen School Of Medicine at UCLA Universitf California, Los Angelé’s
Undergraduate researchrs

Advantage Preparatory Schools, Santa Clarita, @ali

Pattern recognition receptors are known to playomajles in modulating both innate and
adaptive immune responses. Much attention haséstan a family of receptors called the
Toll-like receptors (TLR). TLR expression has bedstected in a variety of different
vertebrate and invertebrate species as well atams In some invertebrate species, TLR
gene expression has been detected but their cédicsuexpression on immune cells has not
been noted. TLRs as well as several other inmataune receptors have not yet been
detected on earthworm coelomocyteswe have employed a group of commercially
available polyclonal and monoclonal antibodies (mAbected against mammalian TLRs
It is expected that many mAb directed against mallamalLRs may not interact with
invertebrate TLRs since mAbs typically identify prd single epitope on a given antigen
and it is very possible that TLRs from differentesigs only share a small subset of
epitopes. Using fluorescence microscopy, we régehtained some preliminary data that
suggests that a mAb directed against TLR2 biadeughly 20% of the coelomocytes of
Eisenia foetida Meanwhile, we did not detect expression of TLR4or 9. We are in the
process of confirming the expression of TLR2 usilogv cytometry. In positive control
experiments, CD 90 and a series of recently deeelomAb (EFCC) directed against
coelomocyte surface markers were detected on thdace of coelomocytes from both
earthworm species. (CD-90 has been shown to be a surface markeepres Eisenia
coelomocytes but to our knowledge it has not bdsmwa to be a surface marker on
Lumbricus terrestricoelomocytes). To further demonstrate that eanthweoelomocytes
possess unique TLRs (largely undetectable witheatlyr available mAB) or receptors
which bind to TLR ligands we have constructed arbiscent flagellin probe (TLR 5
ligand) and a fluorescent peptidoglycan probe (T2ZRgand). Our preliminary results
show that a subset (10-20%) of bothumbricus and Eisenia coelomocytes bind the
flagellin probe. Taken together our results suggleat invertebrate coelomocytes may
express pattern recognition receptors capable tdctieg pathogens and providing a
mechanism of host defense.
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THE EARTHWORM EXPRESSED SEQUENCE TAG (EST) PROJECT

The EcoWorm consortium: Andre, J%, Anthony, A?, Blaxter, M.L?, Calafato, S,
Chasely, 3, Georgiev, O, Hedley, B.A? Jones, M, Kille, P}, Morgan, A.J., Morgan,
J.CY, Parkinson, 3, Schmid, R, Spurgeon, D.J. Sturzenbaum, S'R Svendsen, €,
Wasmuth, §, Workman, V*

School of Bioscience, Cardiff University, UK

?|nstitute of Cell, Animal and Population Biologynlversity of Edinburgh, UK
3Institute of Molecular Biology, Zurich UniversitgH

“Centre for Ecology and Hydrology, Monks Wood, AtibdRipton, Huntingdon, UK
®School of Biomedical & Health Sciences, King's €g# London, London, UK

Expressed Sequence Tags (ESTs) are short (300{)08ehuences derived from cDNA
libraries. They are a powerful resource to acqlarge scale information on gene content
and expression levels. The earthwotmrtibricus rubellusEST project was initiated in the
year 2000 and now contains over 17000 sequences foraries synthesised from
dissected late cocoon embryos, juveniles, adulteriar sections, and adult earthworms
exposed to atrazine, cadmium, copper, fluorantleernead. Following the masking of poly
A tails and the removal of vector sequences, higglity sequences were submitted to the
EMBL/GenBank databases. All sequences were clusterenotated and integrated into
LumbriBASE (seehttp://www.earthworms.oig a relational database designed to facilitate
searches by key words and/or sequence informatithirithe entire dataset or limited to
specific libraries. In addition, predicted protéianslations with domain and signal peptide
identification, pl, molecular weight and putativellalar locations were included with a
dedicated Peptide Mass Fingerprint (PMF) searchtiom. In total, over 7500 unique gene
objects were identified and have allowed the cosatof earthworm micro-arrays, a

resource that has recently been exploited in nunsegene expression experiments.
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ANTIBACTERIAL PEPTIDES EARTHWOMRS

Edwin L. Cooper, Xichun Zhang, Zhang Yi

Faculty of bioengineering,Jimei University,Xiame®il®21, Fujian Province, P.R. of China

In recent years, antimicrobial peptides have becoegnized as important contributors to
nonspecific host defense for both vertebrates aneriebrates. The value of antimicrobial
peptides lies in their ease and speed of synthibsils, broad specificity against prokaryotic
cells and their general lack of toxicity for eukatig hosts. Thus, they serve as a first-line
defense against microbial invasion, supplementing humoral and cellular immune
system. Many different kinds of antimicrobial pejes, which possess antimicrobial
activity against bacteria, fungi and enveloped sési with little or no cytolytic activity,
have been isolated from diverse sources [1,2].hm 700 million years of existence,
earthworms have evolved in the environment replétie microorganisms, some of which
threatening their existence. To survive in sucheawironment, they have developed
efficient defense mechanisms against invading roiganisms. Such defenses are present
in the coelomic fluid of earthworms. The antimiciabactivity in the coelomic fluid is
partly attributed to some proteins, such as lysazynd fetidins. Antibacterial peptides
must provide function in earthworm innate immunityhich has been reported [8,9,10].
Those research focus on the identification of aufibrial peptides, mechanism of
expression and the molecular character and actiVipugh progresses have got in the
studying of antibacterial peptides from earthwomare detail biological role in vivo, the
structure-function relationship, extention, actihénd toxicity to human or other mammals
are unknown. More research needs attention. Fiiistly essential to obtain enough sample
peptides for detailed analysis. Because of thdcdiffes to purify natural peptides from
earthworm directly, for example, the total amouhporified Lumbricus | recovered was
0.1?g per g earthworm, expression of the antib@attpeptides in E. coli or yeast by
efficient methods. Secondly, the detail biologicale, also the toxicity should be
considered, for example, the antitumour activity leeen found in several antibacterial
peptides. On earthworm, the antitumour activityFel and F-2 were probed with MTT
assay and by scanning electron microscopy. F-1Fdplayed antitumour activity to
MGC803 cells (p< 0.05) and morphological changesalrserved. Analysis of toxicity is
necessary before molecular and clinical investigeti Finally, the molecular design and
protein engineering will be the important reseancterests after analysis of structure-
function relationships. Earthworm, as a naturabuese, is easy to obtain and a convenient
animal model. It will provide clinical therapy amdsource of antibacterial peptides in the
future and a theoretical contribution to understagdnnate immunity.
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IS THERE SIGNALING DURING EARTHWORM IMMUNITY?

Edwin L. Coopet, Kriztian Kvelf, Peter Engelmarinand Peter Nemeth

'UCLA Neurobiology; BOX 951763; 63-230 CHS; Los Aigg CA 90095-1763
’Department of Immunology and Biotechnology, Facoltyedicine, University of Pecs,
Szigeti u.12, H-7643 Pecs, Hungary

Multicellular organisms including invertebrates aradtebrates live in various habitats that
may be aquatic or terrestrial where they are catigtexposed to deleterious pathogens.
These include viruses, bacteria, fungi, and passithey have evolved various
immunodefense mechanisms that may protect them ififeation by these
microorganisms. These include cellular and humasponses and the level of
differentiation of the response parallels the etrohary development of the species. The
first line of innate immunity in earthworms is thedy wall that prevents the entrance of
microbes into the coelomic cavity that containgdflin which there are numerous leukocyte
effectors of immune responses. When this firstieais broken, a series of host responses
is set into motion activating the leukocytes arel¢belomic fluid. The responses are
classified as innate, natural, non-specific, notiegratory, non-clonal (germ line) in
contrast to the vertebrate capacity that is comstladaptive, induced, specific,
anticipatory and clonal (somatic). Specific memisrgssociated with the vertebrate
response and there is information that the inregpanse of invertebrates may under
certain conditions possess specific memory. Thertebrate system when challenged
affects phagocytosis, encapsulation, agglutinat@spnization, clotting and lysis. At least
two major leukocytes, small and large mediate Igg@ctions against several tumor cell
targets. Destruction of tumor cells in vitro shawat phagocytosis and natural killer cell
responses are distinct properties of these leukecifthis has prompted newer searches for
immune function and regulation in other systems ifimate immune system of the
earthworm has been analyzed for more than 40 yathrevery aspect examined.
However, there are no known entire sequences afdhitworm as exists in these other
invertebrates. Because the earthworm lives inagall has been utilized as a successful
monitor for pollution, there are studies that rdwgaand down regulation of responses in
the immune system after exposure to a variety virenmental pollutants. Moreover, there
are partial sequences that appear in earthwormseafposure to environmental pollutants
such as cadmium and copper. There are now attamgefine the AHR receptor crucial
for intracellular signaling after exposure to ptdiots, but without linking the signals to
changes in the immune system. There are sevetaipgs for signal transduction,
including JAK/STAT, TOLL, TRAF PIP3, known in inviebrates and vertebrates. For
resistance to pathogens, conserved signal transdummponents are required and these
include a Toll/IL-1 receptor domain adaptor protiiat functions upstream of a conserved
p38 MAP kinase pathway. This pathway may be ansiraldnnate immune signaling
pathway found in a putative common ancestor of nedes, arthropods and even
vertebrates. It could also help us to link pollati;nnate immunity and transduction in
earthworms.
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LYSOZYME-TYPE ACTIVITY IN COELOMIC FLUID AND IN EGG S OF
DENDROBAENA VENETA

Marta Fiotka

Department of Invertebrate Immunology, InstituteBadlogy UMCS, Akademicka 19,
20-033, Lublin, Polantkjak@biotop.umcs.lublin.pl

A natural immunity of annelids is formed by anatoatiand chemical protective barriers
preventing damage of underlying tissues, body flagses and microbial infections of the
body cavity. The internal defence mechanisms ofitivertebrates involve phagocytosis,
nodulation, encapsulation, blood coagulation, wourgair and antibacterial immune
proteins activation. Antibacterial and antifungatiaty of annelids is mainly associated
with the action of lysozyme-like substances, inblecihumoral molecules and cytolityc
proteins. Lysozyme activity is directed againsti@#qaositive bacteria and against fungi.

In this paper lysozyme-like activity in coelomiaifi and in the extract ddendrobaena
venetaeggs was analysed. Activity against indicator éaatMicrococcus luteusvas
higher in coelomic fluid than in the extract fromgs ofD. veneta After immunobloting
using antibody against egg white lysozyme as adstah single protein with molecular
mass about 15 kDa was recognized in coelomic fand in the extract of eggs. After
analysis by electrophoresis at pH 4.3 and subsédpieautography, two lytic bands were
observed in coelomic fluid and three — in the eottif eggs. This results can indicate the
presence of several forms of lysozyméinvenetalt was observed that, lysozyme activity
has increased 5-6 times after infection vithcoli.
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EFFECTS OF HEAVY METALS ON COELOMOCYTES OF ALLOLOBOPHORA
CHLOROTICA

Joanna Homa A. John Morgaf) Barbara Plytycyz

!Department of Evolutionary Immunobiology, InstitateZoology, Jagiellonian
University;
2 cardiff School of Biosciences, Cardiff Universityardiff Wales, UK

We have previously shown drastic effects of soillytion on general condition and
impairment of coelomocyte counts and activity inuladndividuals of Allolobophora
chlorotica (Homa et al. 2003) andendrobaena venet@Vieczorek-Olchawa et al. 2003).
In particular, adult animals transferred from theaby-metal free soil to heavily polluted
soil samples from the industrial area (rich in zinkdmium and lead) exhibited inhibition
of reproduction and high mortality, connected withassive bacterial invasion
corresponding with impairment of immune functiolmsorder to examine the effects of the
known concentration of particular metals on funaitigy of the immune system, we used
methods recommended by OECD (1984), i.e. dermabsxe to metal chloride-soaked
filter papers. Experiments deisenia fetida(Homa et al. 2005) and. veneta(Olchawa et
al. 2006) revealed that metals accumulate in anitisglues and affect coelomocyte
functioning, leading to the disrupted balance betwénmunocompetence and bacteria.
Coelomocytes extruded from metal exposed animale V&ss numerous and showed up-
regulated expression of stress proteins. The ainmwdstigations presented here was to
perform the same sort of experimentsArchloroticg which differs fromke. fetidaandD.
veneta in the preferred habitat. Adult individuals &fllolobophora chloroticawere
collected in the experimental garden of the Initof Zoology (Krakow) and kept in the
laboratory in the commercial metal-free soil. Thenaals were exposed for 1-3 days to
metal ions (Zn, Cu, Pb, Cd chlorides, 44 mg/L) @rdistilled water (controls) via filter
papers (heavy metals exposure concentrations upl.82 pg/crf). Heavy metal
accumulation in the animal body was measured agqudy (Homa et al. 2003, 2005),
coelomocytes were expelled by the electric shocknii, 4.5 V), counted, and used for
cytospin preparations subjected to immunoperoxidési@ing with monoclonal antibodies
against human heath shock proteins (HSP70 or HSR&8pase-3, or rabbit polyclonal
antibodies raised against metallothionein 2 (w-M®2).umbricus rubellugMorgan et al.
2004), as described previously (Homa et al. 2005).

During 3-day dermal exposure only Cu was lethadiatmg/L, thus lower doses of this
metal were used. Cu and Cd significantly accumdlaiehe animal body, while Zn and Pb
were efficiently eliminated. The number of coeloytes was significantly decreased after
Cu, Pb, or Cd treatment. Expression of HSP70, HS&W2 w-MT2 proteins was either
induced or significantly enhanced in coelomocytesmf metal-exposed animals. Metal
exposure up-regulated expression of metallothianeim coelomocytes, mainly
amoebocytes, in the order: Cd>>Zn>Pb>Cu. Heatlspoateins HSP70 and HSP72 were
induced mostly in the sequence Cd>Pb>Zn>Cu; HSP&9 also detectable in the control
cells. The results show that earthworfschloroticaare more sensitive thdén fetidaand

D. venetaon contamination with Cu ionsA. chlorotica coelomocytes are sensitive
biomarkers of Cu, Cd, and Pb pollution.

This work was supported by the grants DS/IZ/ZIE/an8 BW/1Z/15/2005 (Jagiellonian
University), and ner/t/s/2002/00021 (Cardiff Unisigy)
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PHARMACOLOGY OF THE EARTHWORM CROP-GIZZARD

K.G. Krajniak, R. Klohr, S. Klohr, C. Corley, and Kneeble

Department of Biological Sciences, Southern lligbiniversity, Edwardsville, IL USA

The digestive tract of the earthworm is innervagda myenteric plexus which controls
smooth muscle contractility. Various studies haleven that neurotransmitters including,
acetylcholine, biogenic amines, and FMRFamide-eelaieptides are present in the nerves
that innervate the annelid digestive tract. Ttedrine whether these neurotransmitters
play a role in controlling smooth muscle movemerg have examined the effects of
acetylcholine, serotonin, dopamine, octopaminepeggirine, norepinephrine, FMRFamide
and several of their agonists on the isolated wantim crop-gizzard. The crop-gizzard was
removed from, specimens bfimbricus terrestrisattached to a smooth muscle transducer,
and challenged with increasing concentrations efageptide. A log-concentration curve
was used to determine the neurotransmitter thrdstmicentration for changes in rate and
amplitude of beat. Acetylcholine increased theti@mtion rate with a threshold between
10° and 10’ M and caused a biphasic change in contraction iardpl Amplitude rose
with a threshold between Toand 10° M and decreased with a threshold betweefi 46d
10" M. Serotonin decreased the contraction rate avitreshold between Toand 10" M

and the amplitude with a threshold betweef Ahd 10’ M. Dopamine caused a biphasic
response in both the contraction rate and amplitidere was a decrease in both
contraction rate and amplitude with a threshold16f® M and an increase in both
contraction rate and amplitude with a threshold®f M. Octopamine initiated a biphasic
response in rate, characterized by an increaseanitireshold of 18° M and a decrease
with a threshold of 10 M, and a decrease in overall amplitude (thresholti0® M). Both
epinephrine and norepinephrine initiated increasesnplitude with a threshold of T0M
and a slight increase in contractile rate throughbe concentration range. FMRFamide
caused a decrease in contraction amplitude witiieshold between Iand 108 M and a
biphasic change in contraction rate. The contraatie increased with a threshold between
102 and 10’ M and decreased with a threshold betwee 46d 10° M. To determine
whether the earthworm receptors for serotonin, egginne, norepinephrine and
FMRFamide were similar to any other known receptoog-gizzards were challenged with
a series of agonists. The effects of the serotagionists suggested that the earthworm
serotonin receptor is pharmacologically relatethtomammalian serotonin type 2 receptor,
whereas the actions of the adrenergic agonists ethatvat the earthworm adrenergic
receptor only slightly resembled the mammalian alptirenergic receptor. The earthworm
FMRFamide receptor was unlike any FMRFamide reaepiaracterized in molluscs or
arthropods. Thus it appears that acetylcholine,otsem, dopamine, octopamine,
epinephrine, norepinephrine, and FMRFamide maypédy a role in regulating the
movement of the digestive tract.
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COMPARATIVE STUDIES ON MORPHOLOGY, FLOW CYTOMETRIC
CHARACTERISTICS, AND ACTIVITY OF COELOMOCYTES EXTRU DED
FROM ADULT INDIVIDUALS OF FOUR EARTHWORM SPECIES:
ALLOLOBOPHORA CHLOROTICA, DENDROBAENA VENETA, EISENIA FETIDA,
AND LUMBRICUS TERRESTRIS

'Agata Kurek}Joanna Hom&Ellen Kauschke'Janusz Bigaj‘Barbara Plytycz
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Heterogeneous earthworm immunocompetent cellspoumytes, were for the first time
classified by Cooper and Stein (1981) limmbricus terrestriscells. Morphology of
coelomocytes oftisenia fetidawere described by Hamed et al. (2002), and thase i
Dendrobaena venethy Adamowicz (2005). In general, the earthwornelomocytes
consist of three apparent cell populations: elezxiygranular amebocytes, and hyaline
amoebocytes. We have previously shown that the puiiod composition of coelomocytes
are different and undergo distinct seasonal charigethe four earthworm species:
Allolobophora chlorotica, Dendrobaena veneta, Eiaefetida and Lumbricus terrestris
(Kurek and Plytycz 2003). The objective of our prsstudies was to extend the inter-
species comparisons using wider spectrum of tedlesiq

Coelomocytes were isolated from four earthworm Ege&. fetidg D. veneta(from the
commercial supplier) andA. chloroticaandL. terrestris(collected in the field in vicinity
of Institute of Zoology, Jagiellonian Universityrédkow). Coelomocytes were extruded by
the dorsal pores of animals subjectedtie electric shock (1 min., 4.5V). Extruded
coelomocytes were counted and used for: 1) obSengin fluorescent microscope; i)
vitro incubation and assessement of plastic adherenoeudral red pinocytosis (Kurek and
Plytycz 2003); 3) MGG stained cytospin preparatiatjsglutaraldehyde-fixed for electron
microscopy: SEM or TEM; 5) freshly prepared ornfiafin-fixed for flow cytometry
(Beckton-Dickinson).

Present results fully confirmed previous observatiurek and Plytycz 2003), that all
investigated species possess the rich populatiacmoelbomocytes, consisting amoebocytes
(granular or hyaline) and eleocytes, but they diffensiderably in the number of cells per
body mass, and proportion of eleocytes (both b#ieglowest inL. terrestrig. Moreover,
flow cytometry and fluorescence microscopy revealdte high proportion of
autofluorescent cells (eleocytes) . chlorotica D. veneta and E. fetidg while
autofluorescent cells were very seldonbirterrestris This result fully confirm findings on
autofluorescence of some (but not all) earthworracis collected in Cardiff (Wales)
(Cholewa et al. 2005). In all species a large pripo of cells was strongly plastic-
adherent and avidly pinocytosed neutral red; insplecies TEM revealed 3 types of
coelomocytes: agranular (hyaline) and granular d&moges and eleocytes filled with
electron-luced granules (chloragosomes). Eleocgtels amoebocytes were also easy to
distinguish by SEM.

This work was supported by the grant DS/IZ/ZIE/{Jjiellonian University).

The 8" International Symposium on Earthworm Ecology
4" _ g" September Krakéw, Poland



Poster 10€

RESTORATION OF COELOMOCYTES IN DENDROBAENA VENETA AFTER
EXPERIMENTAL EXTRUSION

Ewa Olchawal, Iwona Swiatkiewicz1, Joanna Homalgbtaata Bzowska2, Barbara
Piytyczl
1 Department of Evolutionary Immunobiology, Inst&wf Zoology;
2 Faculty of Biotechnology; Jagiellonian Universikrakow, Poland;

Coelomocytes (amoebocytes and eleocytes), the veamth immunocompetent cells,
circulate in fluid-suspension in the earthworm oot cavity. The earthworms irritated
mechanically or chemically are able to extrude aoeicytes through the dorsal pores of
the body wall but the animals depleted of coeloneswre fully vital and able to rebuild
to total pool of these cells. The aim of presendigts was to investigate the rebuilding
process of the total pool of coelomocytesDandrobaena venettollowing experimental
depletion. Experiments were performed on adult (clitellatejividuals of D. veneta
obtained from the commercial supplier (Ekargo, Sk)mand maintained in the Institute of
Zoology at high (2Z) or low (10C) temperature or shifted from the cold to the room
temperature. At the required time points coelomegyvere extruded from the animals
subjected to the electric shock (1 min.,, 4.5 V),urded, and analysed by
immunohistochemistry or flow cytometry (Beckton-Rilmson) without or with staining
with propidium iodide. Some animals were injectehibd clitellum with 3011 of BrdU
(50 M) and sacrificed 24 hours later fior situ detection of proliferating cells on paraffin-
embedded cross sections stained with H&E or useihfmunohistochemical localisation
of proliferating cells with monoclonal mouse antiAlan Ki-67 antibodies (DAKO, CA,
USA) or monoclonal mouse anty-BrdU (ICN BiomediddiSA) followed by peroxidase-
conjugated secondary swine anti-mouse antibodiabglled Streptavidin Biotin method,
DAKO, CA, USA), diaminobenzidine (DAB, DAKOQ) ‘staimg’ and hematoxylin
counterstaining. No-primary antibody and no-secopdatibody controls were performed.
Electric shock induded the expulsion of more th&fof coelomocytes suspended in the
coelomic fluid. Almost half of the initial cell numer (mainly amoebocytes) was restored
within few hours perhaps from the existing sparelpehile the total pool of coelomocytes
was restored only within 4-6 weeks at the room emafure; the number of coelomocytes
was still low in the cold-maintained individualsesv 7 weeks after expulssion. Flow
cytometric analysis indicated that proliferatingll€evere seldom among free-floating
coelomocytes in the intact control animals whileeythwere common in those
experimentally depleted coelomocytes and/or shiftech the low to higher temperature.
Immunohistochemistry of the cross-sections throdigh animal body confirmed that
proliferating cells were apparently absent in tbetml animals while they were detected
both by anti-BrdU and anti-Ki-67 antibodies in aals with experimentally forced
coelomocyte proliferation, mainly in typhlosole amétanephridial region of the posterior
part of the body. Co-localisation of the cells inmostained by anti-BrdU antibodies and
those stained by antibodies raised against pratifar-related human Ki-67 antigens
strongly supports an assumption that the lattérramhan antibodies bind the same or very
similar molecules in the nuclei of proliferatingrégvorm cells. It indicates an evolutionary
stability of the Ki-67 molecules and their usefdador investigations of proliferating cells
in evolutionary distant species. In conclusiontteaorms are able to restore coelomocytes
extruded from the coelomic cavity both from therspaool of coelomocytes and by the cell
proliferation, the latter in a temperature-dependate.
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RIBOFLAVIN-INDUCED AUTOFLUORESCENCE OF ELEOCYTES FR OM
SEVERAL EARTHWORM SPECIES

Barbara Plytycz Joanna HonfaBeata Kozidl, Jerzy Kruk, Malgorzata RozanowskaA.
John Morgah
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Two main lineages of coelomocytes, namely amoelescgnd eleocytes, are present in
various proportions in different earthworm spedi€srek and Plytycz 2003). Analysis by
phase contrast/fluorescence microscopy and flovorogtry has demonstrated a high
percentage (>10%) of autofluorescent eleocytes iou6 of 12 investigated earthworm
species, namely iDendrobaena venetfOlchawa et al. 2006 Allolobophora chlorotica
Dendrodrilus rubidusEisenia fetida Octolasion spp(O. cyaneumO. tyrtaeumtyrtaeum
and O. tyrtaeum lacteujn In contrast, less then 1% of autofluoresceniarnecytes was
recorded in representatives @éfporrectodea spp (A. caliginosa and A. longgd and
Lumbricus spp(L. castaneusL. festivusL. rubellus L. terrestrig (Cholewa et al. 2006).
Then we have shown by spectrofluorometry (excitatisnd emission spectra, and
fluorescence lifetime) and HPLC analysis that ri@eh is the main fluorophore
responsible for fluorescence iisenia fetidaeleocytes (Koziol et al. 2006). Recently we
quantified riboflavin content in autofluorescentetmmocytes from several earthworm
species combining the results of flow cytometry anspectrofluorometry.
Spectrofluorometry of coelomocyte lysates showed tioflavin was apparently absent in
coelomocytes ofAporrectodea sppandLumbricus spp while was distinct in the species
with autofluorescent eleocytes. In the latter camflavin content (in pg) calculated per
one autofluorescent eleocyte was highesE.iffetidg then inOctolasion spp low in A.
chlorotica, and lowest irD. rubidus.These results fully correspond with autofluoreseen
intensity measured by flow cytometry and that J&siim fluorescent microscope. This is a
significant observation in the context of celluleamunity in earthworms (Dhainaut and
Scaps, 2001), because riboflavin (vitamin B2) playspotentiating role in immune
responses. For example, riboflavin increases nphiromigration (Verdrengh and
Tarkowski, 2005), count, and activation (Osame let ¥995) in mice and cattle, and
displays a potent ability to incapacitate the hunmataria parasit€lasmodium falciparum
(Akompong et al., 2000).

This work was supported by the grants DS/IZ/ZIE/{d&giellonian University), and
ner/t/s/2002/00021 (Cardiff University).
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APPLICATION OF FLOW CYTOMETRY FOR MEASUREMENT OF NE UTRAL
RED RETENTION IN LYSOSOMES OF EARTHWORM COELOMOCYTE S

Barbara Ptytycz, Malgorzata Klimek, Joanna Homableta Kolaczkowska

Department of Evolutionary Immunobiology, InstitwteZoology, Institute of Zoology,
Jagiellonian University, Krakow, Poland; plyt@zuakuj.edu.pl

Retention of supravital dye, neutral red, in lysoabvesicles of healthy cells, is impaired
in cells retrieved from animals exposed to envirental stressors, due to increased
membrane permeability. Svendsen et al. (2004) wedeand critically examined the
neutral red retention ecotoxicity assay appliedefathworm coelomocytes. The aim of the
present work was to adapt an automated versiomeofiethod with a flow cytometer.
Coelomocytes expelled by electric shock (1 min, ¥)p from adult individuals of
Dendrobaena veneta, Eisenia fetidAllolobophora chlorotica Lumbricus castaneus
Lumbricus rubellusandLumbricus terrestrisvere incubateth vitro in HBSS (controls) or
HBSS with copper chloride (experiments) at the neguconcentrations (up to 44g/ml)

for the required time points (up to 90 min) eithathout or with post-incubation (minimum
5 min) with neutral red (NR) solution (final condeation 40 (ig/ml) (Maboeta et al.,
2003). Samples (10000 thresholded events per sample collected with a FACScalibur
flow cytometer (BD Biosciences), with side scaftfer cell complexity/granularity) and
forward scatter (for FL-2H and FL-1H fluorescenea)d analysed using WinMDI 2.8
software. Samples were also examined in transnnigsight field and by fluorescence
microscopy and photographed.

Both amoebocytes and eleocytes of all investigaigecies accumulated neutral red in
lysosomal vesicles, as evidenced by the brightl fillorescence microscopy, and flow
cytometry, in the latter case by the induction l{imbricus spp.) or enhancement ({n
veneta, E. fetidaand A. chloroticg of FL-2 fluorescence. Differences between conrdirad
copper-treated coelomocytes were detectable by ¢itametry in the samples before NR
addition, but they were much more profound after djffRake. The resulted profiles were
relatively simple and easy for interpretation ioase of coelomocytes from Lumbricus spp.
A complexity of flow cytometric profiles oft. fetidg D.veneta and A. chlorotica
coelomocytes was related to the presence of aburmtzpulation of riboflavin-derived
autofluorescence of eleocytes of these specieslé@hoet al. 2006, Koziol et al. 2006,
Plytycz et al. 2006). Effects of copper were spesigecific, while within the species they
were dependent on a time and a dose of copper egBhe results strongly indicate that
a flow cytometry may serve as a suitable tool fopracise quantitative assessment of
lysosomal membrane stability in the neutral redmébn ecotoxicity assay.

This work was supported by the grant DS/IZ/ZIE/{iellonian University).
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EARTHWORM POLYSACCHARIDES AND ITS ANTIBACTERIAL FUN CTION
IN VITRO

Chong Wang, Zhenjun Sun, Dongmei Zheng, Jian Hudnglian Liu, Guilan Tang

College of Resources and Environmental ScienceisaGkgricultural University, Beijing,
100094, China

The experiment was conducted to study earthwdisegia fetidy polysaccharides and its
antibacterial function to plant diseases in vitResults showed that: (1) Polysaccharides
isolated from common earthworms and induced eantmso had broad-spectrum
antibacterial activities to plant diseases in vitf®) Antibacterial activities of earthworm
polysaccharides were assayed by Disk method. Tameder of bacteriostasis circle to
Escherichia coli Pseudomonas aeruginosa, Staphylococcus aureus, d@seumnas
solanacearum Smith, Sclerotinia sclerotiorum, Gutiérichum lagenarium, Fusarum
oxysporum, Phytophthora boehmeriae Sawada , Rloazctsolani Kihnand Botrytis
cinereawas 2.10+0.08, 2.33+0.05, 3.30+0.08, 4.28+0.10540106, 1.53+0.05, 2.15+0.06,
4.58+0.10, 2.40+0.08, and 2.48+0.10 centimeteraethyely. The antibacterial function of
earthworm polysaccharides isolated from inducedhesrms increased significantly for
all the testing bacteria (P<0.0Bhytophthora boehmeriae Sawad®<0.05 except
Escherichia coli (3) Antibacterial function of mucopolysaccharider Pseudomonas
aeruginosaand Staphylococcus aureuacreased significantly (P<0.05) after earthworm
was induced byEscherichia coli while minimum inhibitory concentrations (MIC) diabt
change forEscherichia coli (4) The antibacterial component of polysaccharidelated from
both earthworms and induced earthworms were condplogdive moleculeswhich were
determined by the HPLC-MS. The composition at mdentime 5.3 min was Glu-Xyl-Glu-
Xyl, which molecular weight was 533 D. That of &ih was 452 D, which was composed
by Glu-Rha-Rha or Rha-Glu-Rha. And molecular weighthe 6.7 min composition was
678 D, which was composed by Glu-Glu-Glu-Xyl-Xylth@r two compaositions were not
analyzed in the research.
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AN ANTIMICROBIAL PEPTIDE OF THE EARTHWORM PHERETIMA
TSCHILIENSIS: CDNA CLONING, EXPRESSION AND
IMMUNOLOCALIZATION

Xin Wang,*Xiaoxu Wang'Yi Zhang,Xianming Qu,'Shengli Yang, &Cooper EL
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A cDNA encoding a putative antimicrobial peptidearfred PP-1) was obtained using a
rapid amplification of cDNA ends from the Asian thavorm, Pheretima tschiliensisPP-1
showed 77.6% homology with the antimicrobial peptidmbricin | isolated from the
earthwormLumbricus rubellusPP-1 lacked an obvious signal peptide sequenteP &R
analysis demonstrated that this gene was expresselgmn the body wall. PP-1 was
expressed inEscherichia colias a fusion protein with a maltoze-binding protei.
polyclonal antiserum was raised in mice using teisombinant fusion protein as antigen.
Immunohistochemical studies showed that PP-1 wég innthe mucus of the epidermis.
Large numbers of antimicrobial peptides, which leag components of the innate immune
system of most multicellular organisms, have besmtated from various sources (Boman
1995). Most of these peptides differ considerablpasic features, such as their sequences,
structuralmotifs and the presence of disulfide Isortkspite their generally cationic
character (Boman 1995). These peptides can be edividto five chemically distinct
groups: (1) linear peptides lacking cysteine, ofi@ming amphipathic helices; (2) linear
peptides with a high proportion of certain aminéadasidues such as proline; (3) loop-
forming peptides with one disulfide bond; (4) pdps with two or more disulfide bonds
and normally forming3-sheet structures; (5) peptides derived from largetecules with
other known functions (Boman 1995). Earthworms pesswo kinds of immunodefense
systems, cellular and humoral. Many proteins areolired in immunodefense of
earthworms, such as lysozyme, lysenin, fetidinsF@QGCoopelet al2002). However, it is
not known whether antimicrobial peptides contribittehe innate defense of earthworms.
To date only one antimicrobial peptide, lumbricirh&s been isolated from the earthworm
Lumbricus rubellus(Cho et al. 1998). Lumbricin I, which belongs to proline-rich
antimicrobial peptides group, kills both bacteriad&ungi without hemolytic activityn
vitro (Cho et al. 1998). Its physiological function and cellular lbzation are unknown.
Cooperet al.(2002), after analyzing bacteriostatic activityeafithworm coelomic fluid and
choloragogen cells secretion, hypothesized thetemnds of families of antimicrobial
peptides within the oligochaete annelids. In #tigdy, we have isolated and characterized
a cDNA encoding a novel proline-rich antimicrobpedptide (named PP-1) from the Asian
earthworm,Pheretima tschiliensisThe distribution of Pp-1 mRNA in earthworms tigsu
was examined by RTPCR analysis. The histologicahtion of PP-1 was detected by
immunohistochemical studies.
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WHY DO EARTHWORMS INCREASE PLANT GROWTH?

Blouin Manuet?, Laffray Daniet, Pham-Thi Ahn-Tht) Zuily-Fodil Yasminé, Reversat
George$ Lavelle Patrick

! aboratoire d’Eco-Physiologie Moléculaire, UnivéésParis 12, 94010 CRETEIL cedex,
FRANCE

2 aboratoire d’Ecologie des Sols Tropicaux, IRD eiversité Paris 6, 93143 BONDY
cedex, FRANCE

The positive effect of earthworms on plant growts lbeen clearly demonstrated in two
recent papers reviewing more than 300 experime8tsieral hypotheses have been
proposed to explain this positive effect, but natperly tested. Earthworms could increase
plant growth because they modify the soil (i) cheatly, by mineralizing the soil organic
matter, (ii) physically, by modifying soil structu(porosity, aggregation, infiltration, run-
off...) and (iii) biologically, by activating, dispsing or controlling some plant parasites or
symbionts. In three laboratory experiments, we istidhe impact of the earthworm
Millsonia anomala originating from the Lamto wet savannah (Céteddtke), on the growth

of rice (Oryza sativa L., cv. Moroberekan). The mosmmon hypotheses addressed in the
literature to explain the positive effect of eartthms were refuted in these experiments.
The increase in primary production in the presesfdd. anomalais not due to the increase
in the mineralization of nitrogen, sind4. anomalaproduces an equivalent positive effect
in an environment limited or saturated with nitrog&his worm neither increases primary
production by improving the availability of watandeed, stomatal closure, typical of a
water deficit, appears earlier in the presencehisf tcompacting earthworm, because of a
reduction of the readily available water in the.soi addition, the worm made rice tolerant
to a severe attack of plant parasitic nematode$owi reducing their population. The last
observation also led us to reject the hypothesis afontrol of plant parasites k.
anomalato explain its positive effect on plant. A mod#ton of rice physiology in the
presence of earthworms, revealed by the study atioglgnthesis and stress-responsive gene
expression, suggests that the impact of this wommrioe could be due to the last
mechanism proposed in literature, namely earthwactivation of symbiotic bacteria. Just
like Plant Growth Promoting Rhizobacteria known le activated by root exudates
(PGPR), soil bacteria stimulated by earthworm muomsld act on plant physiology by
emitting phytohormones in the soil, which induceodifications of root system
morphology and/or systemic resistance to parasites.
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INFLUENCE OF EARTHWORMS ON THE GROWTH OF COTTON AND
WHEAT PLANTS IN CONTRASTING SOIL TYPES

Geoff H. Baker

CSIRO Entomology, PO Box 1700, Canberra, ACT 2&Qfstralia

Cotton Gossypium hirsutujrproduction in Australia was, until recently, hégdependent
upon the use of non-selective insecticides (e.glosmfan) to control key pests. This
practice also reduced the abundance of severatargat invertebrate species. However,
with the advent of transgenic (Bt) cotton (whichgets lepidopteran pests), pesticide use
has been drastically reduced. This has providgdeater opportunity for biodiversity to
flourish, including populations of soil animals suas earthworms. But, whilst the
influence of earthworms on the growth of variouspcrand pasture plants (e.g. wheat,
clover, ryegrass) is well documented and known #&wyvbetween plant species, the
response of cotton to earthworms has attractdel §tudy. This paper explores the impact
of two earthwormsAporrectodea caliginosandA. longa(Lumbricidae), with contrasting
burrowing and feeding behaviours, on the growthcafton in glasshouse experiments,
using two soils (a grey clay and a red-brown eabjnmonly used for cotton production
in Australia, and also a commercial sandy loam.

The earthworms survived in the “cotton” soils, bhir growth was generally less than in
the commercial sandy loam. In the absence ofligatj the earthworms increased the
nitrogen content of leaves and the biomass of nditwls on plants grown in the two cotton
sails, but the plants generally grew poorly and ¢aethworm effects that were recorded
were confounded with mortalities of earthworms theduld have contributed some
additional nutrients to the soils, compared witke thontrol treatments. A further
experiment, however, suggested the influence ofdbad earthworms as a source of
fertiliser was probably unimportant. The first exjnent failed to show an earthworm
effect on the general vegetative growth of the aofplants, but another experiment, in
larger pots and using only the grey clay soil, dighgest a significant effect. In an
additional experiment (with relatively cool conditis), earthworms did not influence early
cotton growth using the grey clay soil (with fégér) and the commercial sandy loam (with
and without fertiliser). At the same time, thetbatorms had a strong, positive influence
on the early growth of wheat plants in the comnarsandy loam and a similar (but not
significant) effect on wheat growth in the greyyckoil. Overall, the results suggest that
earthworms can influence cotton growth, but thaytdo not enhance early cotton growth
to the same extent as that of wheat, and theinénftes on plant growth can vary with soll

type.
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EARTHWORMS INCREASE DIVERSITY OF DECOMPOSERS AND MO DIFY
COMPARTMENTALIZATION OF THE FUNGAL AND BACTERIALEN ERGY
CHANNELS OF SOIL FOOD WEBS DURING DECOMPOSITION OF ORGANIC
MATTER

Fernando Monroy, Manuel Aira and Jorge Dominguez

Departamento de Ecoloxia e Bioloxia Animal, Uniigaide de Vigo, Vigo E-36310, Spain

The decomposition process of organic matter iregtrial ecosystems involves a diverse
assemblage of soil organisms that interact in aptexnway. Among these organisms,
earthworms play a key role in determining decontpmmsirates because of their ability to
influence distribution and activity of primary deoposers (bacteria and fungi).
Earthworms also affect soil fauna, so that theypshhe entire community and change its
structure and function. In order to examine theaffof earthworms on the decomposer
community we conducted three separate and compkanyerexperiments using the
vermicomposting process as an accelerated modbeafecomposition process that occurs
in soil systems. We tested whether a) the chanyelkel decomposer food web structure
along an age gradient simulating a soil profileatebon the presence of earthworms and
on the availability of resources; b) the indiredfeets of earthworms modify the
composition of the microfaunal community becausecbénges in biotic and abiotic
characteristics of the substrate; c) the transtheforganic substrate through the gut of the
earthworms modifies the presence of the differentgs of decomposer microfauna. We
performed all the experiments in laboratory cowditi using pig slurry as substrate. In the
first experiment, we compared the presence of fanat groups of microorganisms,
protozoa, nematodes, enchytraeids and microartdsopin continuous feeding
vermireactors with two different doses of slurryjtwand without presence of the
earthwormEisenia fetida In the second experiment, instead of using eantms, only
different amounts of vermicompost were inoculatedplastic pots containing fresh pig
slurry, and changes in the presence of differeaups of protozoa and nematodes were
recorded. In the third experiment, we analysedctivgent of the posterior part of the gut of
different earthworm species fed with pig slurryeTitesults of the first experiment showed
that the presence of earthworms modified signifigathe structure and function of the
decomposer community, increasing diversity of fioral groups of micro- and mesofauna
and increasing nutrient flux through the fungal rggechannel of the decomposer food
web. Earthworms also increased microbial biomask ativity, but not faunal biomass.
Similar changes in the presence of microfauna wbteained in the inoculation experiment,
showing that indirect effects of earthworms play immportant role in determining the
composition of the faunal community. Despite thise absence of nematodes in the
substrate after transit through the gut of thehsastms revealed the existence of strong
direct effects of earthworms on the abundance wiesspecific groups.
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ENDOGEIC EARTHWORMS REDUCE THE FUNGAL STABILIZATION OF
LITTER DERIVED CARBON AT THE SOIL LITTER INTERFACE

Olaf Butenscho€elp Sven Marhaf Christian Pofl, Ellen Kandelet, Stefan Schéu

Ynstitute of Zoology, Department of Soil Ecologynillersity of Darmstadt,
Schnittspahnstr. 3, D-64287 Darmstadt, Germany

2 Institute of Soil Science, Department of Soil Bigy, University of Hohenheim, Emill-
Wolff-StralRe 27, D- 70599 Stuttgart, Germany

The soil litter interface is a hot-spot of micrdbéctivity and regarded as one important
linkage of carbon flow between above- and belowgdowPresumably, fungi play the most
decisive role in these processes by transportidigséabilizing litter derived carbon in their
networks in the upper mineral soil. Although thagdr, the upper few centimetres of the
mineral soil, is the main habitat of endogeic eadims, the knowledge about their
influence on these processes is scanty. Theref@ebjective of the experiment was to
investigate the influence of endogeic earthwormsfiorgal biomass and fungal carbon
stabilization in the upper layer of the mineral.soi

In a full factorial design 174 g fresh weight amabbil (equivalent to 150 g dry weight), 0.3
g dry weight plant material3C and™N labelled rye leaves, dried and chopped by hand to
< 20 mm) and one individual of the endogeic earttmvepeciegOctolasion tyrtaesumvere
added to sixty microcosms (height 135 mm, diamé@mm). Labelled rye leaves were
placed on plastic rings covered with gaze (64 pwhjch enabled fungi to grow from litter
into the soil and vice versa, but avoided direcbiporation of rye leaves into the mineral
soil by O. tyrtaeum Half of the rings were placed on the soil surfabe other half were
adjusted 3 cm above to distinguish between actasmstocation of carbon and nitrogen by
fungi and passive translocation by leaching. Dutimg experiment COand**C signature
of CO, were determined. At the end of the experimentiticerporation of*C and™N in
the soil and earthworms were analysed. Microbiatapeters were determined by
measurement of ergosterol concentration and asabfdatty acid composition in soil and
litter.

At the end of the experiment the earthworms weggificantly enriched if*C and™N and
responded to the position of litter with higheradngoration in treatments with soil litter
contact. Additional, the position of the litter sificantly affected thé*C concentration in
soil with an averag&’C enrichment of 2.5%0 and 1.4%. in treatments witt aithout soil
litter contact, respectively. Independent from plosition of litterO. tyrtaeunreduced the
3C enrichment in the soil. In treatments with sitlet contactO. tyrtaeumsignificantly
increased mineralization 61C. Overall, fungal and bacterial biomass in thé segatively
responded to the presencetftyrtaeum

We conclude that endogeic earthworms reduce thgafustabilization of litter derived
carbon by feeding and disrupting fungal networkshat soil litter interface and thereby
degrade an important mechanism of carbon stabdizat the upper soil layer.

The 8" International Symposium on Earthworm Ecology
4" _ d" September Krakéw, Poland



Oral 117

EARTHWORM CASTS AS HOTSPOTS OF SOIL NUTRIENT DYNAMI CS IN A
PASTURE ECOSYSTEM

Cristina Lazcano, Manuel Aira, Maria Gomez, Jorgerihguez

Departamento de Ecoloxia e Bioloxia Animal. Uniiaaide de Vigo. Vigo. E-36200

We studied the effect of digestion and cast dejoosiof the earthwormAporrectodea
caliginosaon the microbial community of a pasture ecosysésmvell as the changes on
microbial activity and, consequently, on nutrieptling.

In a pasture in NW Spain, one hundred casts newjyosited byA. caliginosawere
selected and flagged randomly in autumn of 2005wt first rainfalls started after a
severe summer drought. Casts were monitored dailsheck their growth and after one
month sampled destructively by taking randomly paired samples of casts (C) and soil
below (SB) to asses the existence of nutrient feaesce between them. Samples of soil
surrounding the casts (SS) at a distance of 20 ers @also taken as controls.

One month later, other ten casts were sampled hasv&B and SS to evaluate the effect
of ageing in natural conditions. Fresh samplesasts and soil were analyzed for their
organic matter and moisture content, pH and etsdtconductivity, different C and N
forms, microbial activity (hydrolysis of fluoresceidiacetate,p-glucosidase, cellulase,
protease and phosphatase activities). Microbial nmoonities were characterized and
guantified on lyophilized samples by analysis & gihospholipid fatty acids (PLFAS).

A. caliginosasignificantly modified the microbial community stture by digestion of the
soil as showed by the PLFAs analysis. In additeasts had also higher microbial activity
and consequently nutrient cycling and mineralizatias enhanced as compared to SB and
SA as showed by the higher levels of mineral nirognd dissolved organic carbon. Cast
deposition increased the microbial activity of 8wl below but no other differences were
found between SB and SS. Nutrient content (N;NHDON, DOC) increased further in
two-month old casts as well as tReglucosidase and protease activities suggesting the
existence of newly deposited soil. However micrblaietivity was reduced with time.
Again, we found little differences between SB ar®l &hich would mean that in spite of
the high density of earthworms in the pasture,dtfiect they exert on soil properties was
restricted to the dynamics of ingested-egested soil
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THE SENSITIVENESS OF SOIL BACTERIA AT THE DIGESTIVE FLUID IN
THE GUT OF THE EARTHWORM APORRECTODEA CALIGINOSA

Byzov B.A, Khomyakov N.V}, Nechitaylo T.J4&, Golyshin P.N.

YFaculty of Soil Science, Moscow Lomonosov Statevdrsity, Leninskie gory, GSP-2,
Moscow, Russia;

Z Division of Microbiology, GBF - German Researchn@e for Biotechnology,
Mascheroder Weg 1, 38124 Braunschweig, Germany

Earthworms can directly regulate microbial popwlasi by consuming large amount of
soil. This leads to elimination of some microbesl @neation favorable conditions for
others to successfully grow in a digestive tract anexcrement. In earthworms, the gut
transit time of soil material is very high, 2-3 hsult is believed, therefore, that worms
should kill and digest the consumed soil micro-oigas quickly. Earlier we showed
that digestion of microorganisms in intestines dfipedes and wood lice began with fast
death of cells under action of specific non-protelting agents (Byzov et al., 1998). To
date no data exist on earthworm digestive activitye aim of this study was to test
whether the digestive fluid of the earthworAporrrectodea caliginosamay act as a
selective killing agent towards soil bacteria.

The earthworms were collected from soddy-podzadit Fhey were kept on sterile sand
for several days to clean up the digestive tratten the worms were desiccated on a
friezing stage (- 16°C). The digestive tracts weirgéded into midguts and hindguts. Then
the gut material was centrifuged at 12000 rpm fonin for separation of gut fluid and gut
tissue, blood cells and the majority of microbialle. One portion of the fluid was heat
treated (98°C,10 min) to inactivate proteins anentfit was centrifuged. Bacteria were
isolated from soddy-podzolic soil. The bacteriaings were identified by sequencing PCR-
products of 16S rDNA gene. Among them there werendo Alphaproteobacteria (6
strains), Betaproteobacteria (3 strains), Gammaphatcteria (12 strains), Actinobacteria
(12 strains) and Bacilli (9 strains). Bacterial pergsions were mixed with the gut fluids
(2:2 v/v) and volumes of 3 pl of the mixture wetaged on a thin nutrient-agar film. The
CFU numbers were estimated by counting micro ce®ander microscope.

For the first time it has been shown that midguraets inhibit bacterial growth. Seven
bacterial strains belonging to BetaAldaligenes faecal)sand Gammaproteobacteria
(Kluyvera ascorbata, Pseudomonas reacjanéctinobacteria Klicrobacterium sp.
Arthrobacter sp. and Bacilli Bacillus megaterium2 strains)have been found to be the
most sensitive to the digestive fluid. Their CFUmiers decreased by two orders of
magnitude upon 20-30 sec. of exposition with thgesiive fluid. The supernatant of the
pre-heated fluid exhibited the killing activity,aoThirty-five strains, belonging to all the
groups tested, have been found to be not sengiitke digestive fluid. No bactericidal
activity has been found in the hindgut fluid. Thdlihg effects do not correspond to
taxonomic position of the bacteria. Possible meigmarof the killing effect is a destruction
of cell membranes as it was demonstrated earligrdBet al., 1998).

The digestive fluid of earthworms could be sigréfit factor for selective modification of
microbial communities in soil.
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EARTHWORM ACTIVITY MODIFIES SOIL NEMATOFAUNA AND
BIOFUNCTIONING ACCORDING TO QUALITY AND LOCALIZATIO N OF
CROP RESIDUES (MADAGASCAR)

C. Villenavé, E. Kichenir, B. Rabar$, E. Blanchart

! Institut de Recherche pour le Développement (IRIR,SeqBio, BP 64501, 34394
Montpellier cedex 01, France
2 FOFIFA, URP SCRID, B.P. 230 Antsirabe 110, Madaga

Soil provides a wide range of ecosystem servicasale essential for human life and well
being, e.g., food and fibre production, nutrientliyg, carbon sequestration, erosion
control, water quality, detoxification, and regidat of climate. Soils are also probably one
of the most species-rich habitats of terrestriabsgstems. Decades of studies have
demonstrated the importance of soil fauna and rarganisms in the functioning of soils.
This role is now well recognized, so that soil hidé seen as an essential resource in
sustainable systems of agricultural production. évheless the role of soil biological
activity and diversity in regulating ecosystem se#g and the way it can be valued,
maintained and managed in agricultural systemsdslp understood. In the tropics, direct
seeding mulch-based cropping (DMC) systems arenditig, especially in South America.
These systems characterized by no-tillage and pe¥measoil cover reduce soil disturbance
and often result in a significant accumulation oif sarbon, a decrease in erosion, and an
increase in soil biological activity and biodiveysi Studies in Brazil, Benin and
Madagascar showed a strong increase in the deasilybiomass of soil macrofauna,
especially earthworms in DMC systems. The inteoastibetween agricultural practices,
soil macrofauna and other soil organisms (mesofanmkmicroorganisms) are known as
the main determinants of soil biofunctioning abedl scale, although not well understood.
Among mesofauna, nematodes are of main importasdbearelative distribution of their
trophic groups is a recognized indicator of saildtioning.

Our experimental study aims at analysing the effé@ndogeic earthworms on nematode
diversity in tropical DMC systems (Madagascar) adogy to the quality and localization
of crop residues. Different (10) experimental tneamts were studied in mesocosms,
crossing: presence or absence of earthworRentpscolex corethruryis presence or
absence of residues (soya or rice), localizationrop residues (incorporated into the soil
or left at the soil surface). Nematode communitys wéudied after 5 months at a genus
level.

Nematode density was more important in presenceaaghworms than in their absence
irrespective of litter quality and localization. iMatodes were also more abundant in
presence of soya residues than in presence ofagidues and were more abundant when
residues were incorporated in the soil. ANOVA shdwesignificant effect of earthworms
and of residue localization on nematode densitythiarms especially enhanced the
bacterial-feeders Cephalobus sp. in all treatmemd enhanced the fungus-feeders
Aphelenchoididae in presence of soya residuestfdaders nematodes were not modified
by the presence of earthworms.

Considering modifications in the nematode commundyucture, it appears that
earthworms modify soil functioning especially thgbu an increase in bacteria and
subsequently in bacterial-feeders nematodes.
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EARTHWORMS AS PREY OF CARABID BEETLES: THE USE OF M OLECULAR
MARKERS TO ANALYSE PREDATION IN THE FIELD

Symondson, W.0O.C., King, R.A., Harper, G.L, HarwpddD. and Bruford, M.W.

Cardiff School of Biosciences, Cardiff Universif,0. Box 915, Cardiff CF10 3TL, UK

Carabid beetles, such Bgerostichus melanariysre major predators of crop pests such as
slugs and aphids Earthworms, however, are a major alternative pheyping to sustain
these predators within arable crops. Quantificatidnpredation on earthworm can be
achieved using molecular markers to analyse thegutients of carabids trapped in fields.
This was first achieved using general earthworneifipemonoclonal antibodies which
could detect earthworm proteins in the guts of ates for up to 64 h after they were
consumed Although unable to distinguish between earthwospecies, monoclonal
antibodies revealed that 36 % ®Bf melanariuscollected from a field of wheat contained
earthworm proteirfs These data strongly suggested that earthworme wemajor prey
item.

Subsequently work has concentrated upon the dewelnopof PCR-based techniques to
analyse predators for the presence of earthworm DNAeir guts. Our first approach was
to develop general earthworm-specific PCR primershe mitochondrial 12S ribosomal
gene, which proved successful. Earthworm coulddieaded in the guts of the carabids for
an extended period, with 50 % still testing positi®8 h after feeding. Analysis &f.
melanariustrapped in a crop of field beans, using multipP&R, showed that 49 %
contained earthworm DNA and that earthworms weresemed more frequently than any
other invertebratés™™ " PP However, TGGE (temperature gradient gel electopsis)
and multiplex PCR analysis of earthworm DNA faiedseparate all earthworm species,
mainly because divergent lineages resulted in ashmrariation within, as between,
specied”.

We have now developed species-specific, and in ssases lineage-specific, PCR primers
for seven of the earthworm species at our field. diixtreme genetic divergence amongst
two species (see Abstract by Kimg al), Allolobophora chloroticaand Apporrectodea
roseg necessitated the development of different prinfierseach lineage. The primers for
all species and lineages were combined within twdtiplex PCRs to simultaneously
detect all species of earthworm in the guts of epmddator. The application of this
approach to the analysis of spatial and tempotatastions between carabids and multiple
earthworm species will be presented.
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EARTHWORMS AND MICROORGANISMS: RELATIONSHIPS AND
CONSEQUENCES ON DECOMPOSITION OF ORGANIC MATTER

Manuel Aira, Fernando Monroy, Jorge Dominguez

Dept. Ecoloxia e Bioloxia Animal, Universidade dia¥, Vigo E-36310, Espafia

Microorganisms are largely responsible of organatter decomposition, but earthworms
may also affect to rates of decomposition direttyy feeding on and digesting organic
matter, or indirectly affect them through theireirgctions with the microflora, basically
involving stimulation or depression of the micraficdbiomass and activity. Here we present
the results of three experiments which tried toasafe between the direct and indirect
effects of earthworm on decomposition of organidteraWe used the vermicomposting
process as a model to study the relationships rtiivwarms and microorganisms. The first
experiment studied the whole process of vermicomapgsusingEisenia fetidaand pig
manure in continuous feeding vermireactors; thesmireactors were made of independent
layers which allowed us to date them. Earthwornmsmated significant increases in both
microbial biomass and activity when they were pnege the layers, and after that, in aged
layers where earthworm were absent, microbial Ktakion (i.e. low microbial biomass
and activity) occurred. Further, community physgit@al profiles (Biolog Ecoplate)
revealed that earthworms promoted significant aliens in the physiological capabilities
of microorganisms. As consequence, carbon minet#iz was significant enhanced. In a
second experiment, we inoculated pig manure with doses of vermicomposts (2.5 and
10%) obtained from laboratory culturestffetidg E. andreiand Eudrilus eugeniae By
doing this, we were able to test the indirect dffet earthworms, that is, whether an
earthworm processed substrate can modify organttemdecomposition or whether it is
necessary the earthworm presence to achieve the szmults of the first experiment. We
found that inoculation of vermicompost produced shene increases in microbial biomass
and activity, and although these increments weré a® higher as in presence of
earthworms, we can state that indirect effectsaofhevorm are strong enough to alter the
dynamics of organic matter decomposition. In thedtiexperiment, we analyzed the gut
content of four earthworm speciek. (fetidg E. andrej E. eugeniaeand Octodrilus
complanatuswhich were fed with pig slurry. We determined thenber of bacterial cells
by fluorescence microscopy to understand the direffect of earthworms on
microorganisms. We found that or®; complanatuproduced a significant decrease in the
number of bacterial cells, whereas there were fferdnces between pig manure and the
gut content of the other earthworm species.
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INTERACTIONS BETWEEN EARTHWORMS AND MICROORGANISMS
INCREASE PLANT PRODUCTIVITY THROUGH PRODUCTION OF P LANT
GROWTH REGULATORS

Norman Q. Arancon and Clive A. Edwards

The Ohio State University, Columbus, OH

It has been well-documented in recent years, thidinsicroorganisms produce significant
amounts of hormones and plant growth regulatorschvidan influence plant growth.
Interactions between earthworms and microorganigmifie degradation and stabilization
of organic wastes to produce vermicomposts, carase the potential production of plant
growth regulators, since this process increasesolnia diversity, populations and activity,
by several orders of magnitude. Fully-processedni@mposts contain large amounts of
humic substances, which themselves can induce ptaotwvth responses at low
concentrations and act as plant growth regulaidies.have shown that solid humic acids,
extracted from pig manure and food waste vermicatgoapplied to a soil-less plant
growth medium (MetroMix360) at rates of 50-500 ngjtkhumic acids increased growth
rates of tomato, pepper, cucumber, marigold araivsterry plants significantly, but there
were decreases in growth, at concentrations ab®1800 mg kdt, even when all
nutrients needed for growth were supplied. Aqueexisacts, of plant growth hormones
such as auxins (IAA) from vermicomposts, extracead applied daily to marigold, pepper
and strawberry seedlings, at rates of 10% and 29%odtume, increased plant growth
significantly above that of controls when all negdautrients were available. In other
experiments, commercial humic acids, or those etdth from vermicomposts, were
applied at a rate of 500 mgkglry wt of Metro-Mix 360, either singly or in contition
with IAA, to pepper seedlings. The commercial humaids and IAA mixtures increased
plant growth more than the materials did individigdlut not as much as the solid extracts
from vermicomposts containing both humic acids &W. We hypothesize that auxins,
which are very transient, soluble and readily brokewn in UV light, becomes adsorbed
onto humates, persist longer in soils and are seféalowly to plants. In our experiments,
the amounts of N in plant tissues did not diffegngicantly between treatments showing
clearly that any increases in plant growth weretaatdhl to the effects of plant nutrients.
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DIFFERENCES OF THE INTESTINAL MUCUS AND SOIL MICRO- ORGANISMS
IN THE INTESTINE AMONG EXOTIC AND NATIVE EARTHWORMS  FED ON
DIFFERENT SOIL QUALITIES

Isabelle Baroi§ Philippe Mora Julio Belld, José Antonio GarciaAngel OrtiZ and
Patrick Lavellé

1: Instituto de Ecologia A.C, AP 63 Xalapa Verac®dd00 México

2: UMR 137 Biosol Institut de Recherche pour le Biéppement, 32 Rue Henri Varagnat,
93143 Bondy cedex France

3: Laboratorio de Biotecnologia y Ecologia Aplicadaiversidad Veraruzana, Campus
Xalapa Veracruz 91000 México

The mutualistic hypothesis between earthworms aiedororganisms to digest soil organic
matter had been studied. The earthworms produceoca intestinal quality mucus to
stimulate the soil micro-organisms’ activity whichn decompose the soil organic matter
and make it digestible for the earthworms. This na@ism needs to be more detailed with
new experimental data, particularly to answer thestjons: Do the earthworms produce
the same mucus quantity and quality when fed witliffarent soil organic matter quantity?
Do exotic earthworms have a more intense mutualisteraction with micro-organisms
than native earthworms? Are the soil micro-orgasishe same as the ones that inhabit the
earthworms’ intestine?

Thus we have studied three tropical geophagoubwarin species, two exotRontoscolex
corethrurus and Polypheretima elongatand the nativeBalanteodrilus pearsefrom
southeast Mexico. These 3 species are grown i trginal soil where they were
collected and in two other treatments where thpeaetsve soils were amended with rich
organic matter (grinded green leavesvafcuna pruriens1% and 6 % respectively). In 5
samples: the non-ingested soil, the anterior, nmd hind intestine and the 24-hour-old
casts; the following parameters are going to besomeal: 1) hydro-soluble material or
mucus production, 2) the C and N content in theusuand 3) the microbial DNA and the
most probable number MPN).

Up to now the measurements are in process, andxpeceless mucus content in the
intestine when the earthworms are fed with moreaig matter and with a higher C/N
ratio; and that there is a quantitative and qualigaselection of the soil micro-organisms
during the intestinal course.
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EFFECT OF EARTHWORM INTERACTION ( AMYNTHAS CORTICIS AND
PONTOSCOLEX CORETHRURUS) ON THE DIVERSITY FUNGAL ALONG TIME

J. A. Garcia, G. Heredia, R. Arias, M. Ibafies, @néragoso

Km 2.5 carretera Antigua a Coatepec, No. 351. Gagagion El Haya, Xalapa, Veracruz,
México. C.P. 91070

In order to evaluate the relationships betweerhaantms interaction and the structure of
the microfungal community and the diversity, thel@geicP. corethrurusand the epigeic
A. corticis were kept in laboratory microcosms in single anthteraction treatments. The
fungal communities and the diversity were evaluatedast and in Control Soil over 24,
48, 72 and 96 days using the washing and platinthads. Richness of the fungal
community was greater in worm cast that in conswil in both species. The greatest
richness was in interaction treatment, followingarder P. corethrurus A. corticis and
Control Soil. Differences in the dominance struetwere appreciated between treatments,
but mean frequencies were not significantly différen most of the dominant specids.
merdarium H. griseaandTrichosporiellawere dominant species during all time in most of
treatments. Dominance structure of the fungal conityuwas more similar between
control soil andA. corticis being the fungal community in interaction treattté®e most
differentiated in most of dates. Differences betwemdogeic and epigeic species were
subtle and were clearer on first 48 days.corethrurusconsumed differentially soil fungi
asH. griseg Paecilomyces carnepPBestalotiopsis maculanghereadA. corticis preferred
litter fungi as Trichosporiella sp F. oxysporum and C. cladosporoides Interaction
treatment was the most differentiated treatment Bndglabrum and A. niveuswere
discriminative species. On day 72 control soil aimgjles treatments were very similars and
F. solanj F. trichoteciodesand F. moniliformebecame dominant fungi; to differende,
glabrum P. citrinumandP. simplicissimunwere preferentially in interaction treatment. No
differences between treatments were found on dapuithey were a mixture of fungi
considered as the latest decomposition stage ahdstages. Growth rates of earthworms
were better on first 48 days in association with greatest fungal richness and fungal
species asC. merdarium H. griseg H. fuscoatra and Trichosporiella which were
dominant. Diminished performance of earthworm wasagsociation with the greatest
richness and dominance efisarium sppand toxicPenicillium spp
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THE ROLE OF ANIMAL DECOMPOSER DIVERSITY IN DEBRIS
DECOMPOSITION

Ge Yuan; Sun Zhenjun

College of Resources and Environmental Scienceisalkgricultural University, Beijing,
100094, China

Compared with microorganism, little is known abdlé role of soil fauna diversity in
decomposition processes. Ample evidence suggeatseffects of soil animals on soil
processes are nearly related to their body size r&lationship indicates that at least among
keystone soil-animal species which modify the d$treee and function of the microbial
community, diversity has an important impact onaeposition and nutrient cycling. For
example, evidence indicates that the different agiohl groups of earthworms
differentially affect the activity of soil microoagisms and decomposition processes.
Experimental manipulations suggest that the los®aih functional groups and species
diversity within functional groups of earthwormsesis the ability of soil microorganisms to
use organic substrates. Whereas, the relationséiprelen animal decomposer species
diversity and soil processes remains controvers&dme evidence shows a weak
relationship between soil-animal diversity and gstasm processes. These observations
indicate high redundancy among soil animals. Ire linith these findings, the trophic
structure of the decomposer community examined stible isotopes also indicates a high
redundancy in soil-animal communities. Still othevidence supports the functional
significance of animal diversity for soil processE®wever, these studies are still too few
and are limited to narrow diversity gradients awgv Ispecies numbers. Therefore, a
microcosm experiment explain macrofauna biodiversftects on leaf litter-mass loss and
soil respiration by functional dissimilarity rathiran the number of species.The presence
of certain keystone species and the number of ifumalt groups of soil animals may be
more significant for decomposition processes tliaimply species diversity.
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DO ENGINEERING EARTHWORMS ( APORRECTODEA CALIGINOSA) AND
PLANTS DIVERSITY AFFECT ORIBATID MITES?

Grzegorz Gryziak & Grzegorz Makulec

Centre for Ecological Research PAS, Konopnickidpziekanéw Lény, 05-092 tomianki,
Poland

The aim was to study how geophagous earthwormsgeass species diversity affect the
abundance and species composition of soil orilyatids.

A field experiment was started in May 2004. Plastesocosms were filled with sieved and
mixed arable loamy soil and inserted into the $d#socosms had a surface of 45F emd
depth of 20 cm. A half of mesocosms were sown witle grass species — red fescue
(Festuca rubry, the other with a mixture of 8 grass speciesthim next year, when the
grass sward was established 6 individuals of gepmi®Aporrectodea caliginosavere
introduced to the half of mesocosms in each planamt — monoculture and mixture. The
second half of mesocosms without earthworms wad asea control. In that way four
variants were established — monoculture with anthaut A. caliginosaand mixture with
and without earthworms. In each variant 150 mesososere prepared. The sample were
taken 60 days after the introduction of the eartimgo

A total of 10 species of oribatid mites was fouAd. so far oribatid mites community is
dominated (app. 95%) by one speci&ticroppia minus because of it there are slight
differences between terms and variants. But itaceable that higher grass production
causes higher oribatid mites abundance but loweersity. After the earthworm
introduction substantial differences in abundanteriatid occurred: the abundance is
higher in mixture with and without earthworms adlywéan in monoculture in which this
effect is not observed. Experiment is not finislget| and analyses are in process.
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THE INFLUENCE OF HORMOGASTER ELISAE ON THE COLONIZATION
CAPACITY OF SOIL MICROARTHROPODS IN EL MOLAR (MADRI D)

M. Gutiérrez, M. Novo, D. Trigo, J.B. Jesus

Departamento de Zoologia, Facultad de Biologiayéhsidad Complutense, Ciudad
Universitaria, 28040 Madrid, Spain.

The effect of earthworms on microarthropod abundaaed distribution has been studied
by several authors (Marinissen and Bok, 1988; Bral@95; Lorangeet al, 1998; Salmon
and Ponge 1999, 2001; Maraanhal, 1999; Migge, 2001), but the results obtainedehav
been variable. In laboratory work involving theeusf soil microcosms (Gutiérrez et al.,
2003), we showed that the presenceHmfrmogaster elisadrom a plot in EI Molar
(Madrid, Spain) reduces in the size of mite andecobolid populations. The present work
attempted to confirm this effect and to determine tapacity of soil microarthropods to
colonise new areas in the presence and absenegtiofverms.

Microcosms composed of plastic boxes with a cerfrahm mesh jail were prepared.
Earthworms were then placed inside this jail. Ime cexperiment, the jail contained
defaunated natural soil from El Molar, while thel smitside was non-defaunated. In a
second experiment, the soil outside the jail (whtérere were no earthworms) was
defaunated, while that inside the jail was non-de#ded. Defaunation was performed
using a method based on those of Huétaal. (1989) and Wrightet al (1989). This
consisted of freezing the soil at —32°C for 24 d #ren heating it to 60°C for a further 24
h. Control microcosms were set up without earthwsormll microcosms were kept at 13°C
and 20% humidity for 21 days before extractingnfieroarthropods from the soils. These
were identified and enumerated by standard methdtle data obtained were analysed by
ANOVA.

In the first experiment, the majority of microaxpod groups were incapable of colonising
the defaunated soil containing earthworms, but wabée to colonise it when the
earthworms were absent. In the second experimeat/ynall the microarthropod groups
left the inside of the jails containing earthwornimjt in control experiments without
earthworms the majority stayed inside the jail. e THesults appear to confirm that the
presence oH. elisaehas a negative effect on microarthropod numbedscantheir ability
to colonise new zones.
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EFFECT OF EARTHWORMS ON SOIL MICROARTHROPODS DISTRI BUTION
IN A PLOT IN EL MOLAR (MADRID)

M. Gutiérrez, M. Ramajo, J.B. Jesus, D.J. Diaz €osi

Departamento de Zoologia, Facultad de Biologiayé&hsidad Complutense, Ciudad
Universitaria, 28040 Madrid, Spain.

Several authors have investigated the effect ahearms on microarthropod abundance
and distribution in field and laboratory (Marinisand Bok, 1988; Hamilton and Sillman,
1989; Lorangeet al, 1998; Marauret al, 1999; Shrader and Seibel, 2001; Tiunov, 2003).
The results obtained, however, have been variabte present work simultaneously
examined the horizontal distribution of differemtrgaworm species and several groups of
soil microarthropods in a plot in EI Molar (Madrid)The aim was to determine the
relationships between the distributions of thegmpbisms and to explain their causes.

In April 2002, the earthworms and microarthropods4a points uniformly distributed
around the experimental plot were sampled. Eantmsowere extracted from 0.5 x 1 m
guadrats using formol; microarthropods were exérdidtom 400 g soil samples using the
Berlese-Tullgren method.

Distribution maps were made according to the easthwand microarthropod abundance
data obtained. The mean abundance of microartdeom@t points with and without
earthworms was compared using the Kruskal-Wallg lslann-Whitney U tests. Principal
components analysis was also performed to deterthaeistribution trends of both types
of organism. Cluster analysis was performed tordete the different types of sampling
point in the plot in terms of microarthropod abuncks their relationship with earthworm
presence was then determined.

The greatest abundance of many types of microgrtittavas recorded in areas where
earthworms were absent. Principal components sisashowed opposing trends with
respect to microarthropod and earthworm distributicCluster analysis distinguished two
types of sampling point: one characterized by largmbers of microarthropods but low
numbers of earthworms, the other with low microamttod numbers and larger numbers of
earthworms. This inverse relationship between oaithropod and earthworm abundance
suggests there may be a negative relationship leetwheir distributions in natural
conditions. However, the influence of other fastoannot be ruled out.
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EARTHWORMS MODIFY THE SOIL FAUNAL COMMUNITY STRUCTU RE

Veikko Huhta and Mika Raty

Department of Biological and Environmental Sciendmiversity of Jyvaskyla, Finland

Decomposer communities were analysed at nine degiiorest sites in central Finland:
three birch stands planted on spruce forest (maik)three birch stands on arable soil, and
three naturally developeded deciduous stands (ynaiiver birch). All major faunal groups
were identified to species, and their biomasses vestimated (Huhta and Raty, 2005;
Huhta et al., 2005). Populations laimbricus terrestrisnd Aporrectodea caliginosavere
present in all arable soils, two natural forestd ane birch stand after sprude.terrestris
was also found at another “birch after spruce”siteile Dendrobaena octaedralone or no
earthworms at all were recorded in one natural @mel planted forest (Raty and Huhta,
2004). Numbers of nematodes, enchytraeids and arttnr@pods were lowest at the sites
with the strongest populations bf terrestrisandA. caliginosa Biomasses of earthworms
and those of all other fauna together were invgrselrelated. Laboratory experiments
revealed that the presence of burrowing earthwowils reduce the populations of
nematodes and enchytraeids (Raty and Huhta, 2@08)field observations indicate that
the same is true for microarthropods (Maraun artte8¢2000). It was concluded that the
presence or absence of burrowing earthworm spetégs a decisive role in determining
the structure of the whole soil faunal community.
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DOES EARTHWORM ACTIVITY ALTER PLANT DIVERSITY EFFEC T ON
SOIL MICROFAUNA?

Krassimira llieva-Makulec, Grzegorz Makulec

Centre for Ecological Research PAS, Dziekandénke05-092 t.omianki, Poland

The effects of two factors: plant species richreess presence of the earthworm species,
Aporrectodea caliginosan the nematode abundance and community structasestudied

in a field experiment. The aim of the study wadinal out if the activity ofA. caliginosa
can modify the plant diversity effect on soil neouss.

The experiment was established in spring of 200& IBundred plastic isolators
(mesocosms) were dug into the ground and filledh wieviously sieved and mixed arable
soil. The mesocosms (450 tin surface area and 20 cm deep) were sowed witssgs,
one half — with one specieBdstuca rubrg, and the second half — with a mixture of 8 grass
species. One year later (after one vegetation sgdsindividuals ofA. caliginosawere
introduced into the half of mesocosms in each tneat — monoculture and mixture. Some
preliminary results, concerning nematode abundagemeric diversity and nematode
functional structure, sixty days after the introtiloie of A. caliginosawere presented.

The total number of nematodes in the monocultwattnent was significantly lower than
in the mixture treatment. The presence of earthwodid not influence the nematode
density in monoculture, while in the mixture treatrh the total number of nematodes
significantly increased due to the activity of darbrms.

The generic diversity of nematodes was lower innfesocosms with one grass species,
than in mesocosms with the diverse grass speciapasition. A total of 18 genera were
found in monoculture treatments and 25 in mixturesatosms. The presence of the
earthworms did not have significant effect on tht@ltnumber of genera.

Two trophic groups dominated nematode communitiedlitreatments: bacterial and plant
feeders, but their proportions differed between tifeatments. While the proportion of
bacterial-feeding nematodes (mainly geasobeloide} was higher in monoculture, that
of plant feeders (mainly gentsaratylenchus was higher in the mixture treatments. The
presence of earthworms did not change the propoatithat two groups.
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COMBINED EFFECTS OF EARTHWORMS AND ARBUSCULAR
MYCORRHIZAL FUNGI (AMF) ON SOIL STRUCTURE PROCESSES : A
MICROCOSM STUDY

R. Milleret, R.C. Le Bayon, J.-M. Gobat

Laboratory Soil & Vegetation, Institute of Botariyniversity of Neuchatel, Switzerland

Biotic influence, mainly earthworms and arbuscuaycorrhizal fungi (AMF), plays a
major role on soil structure. Soil structure iswanportant in agricultural managment and
has been widely studied since the 1900s. Soil ag¢ien and soil organic matter (SOM)
are major components of soil fertility. According the conceptual model of aggregate
hierarchy, microaggregates (<250um) and organicidues are bound into
macroaggregates. Aggregates protect SOM physidajlymaking it not accessible for
mineralisation. Factors influencing the formatistabilization and degradation of soil
aggregates, involve physical, chemical and biglaigbrocesses. Despite the existence of a
lot of studies highlighting the importance of eartims or AMF on aggregation, their
combined effects have not been studied yet, exaemtiant growth parameters. Thus, this
study will contribute to better understand the @iearthworm and AMF on soil structure.
The general aim of this project (part of "NCCR-RI&urvival"), is an integrative study
aiming at better understanding plant-AMF-soil iatgions. Here, in particular, we study
the consequences of biological activity of AMFs asdrthworms on soil stucturing
processes and their complementary or antagoniécte on soil structure dynamic. Thus,
we focus on their role on aggregation and incorfiamaof SOM at different scales (clay-
humus complex, micro- and macro-aggregate) in otdettistinguish and compare their
single or combined effects. A plant specid®et(inia hybrid@ has been used for
mycorrhization and different amount of phosphor& 6upply (high P concentration
induces low mycorrhization) has been used in a rakgohase in order to compare
aggregation dynamics.

In order to control a maximum of parameters (ieenperature, humidity, light/dark cycle)
microcosms in climatic chamber have been used.ddasms consist of PVC tube (30cm
high and 15cm diameter) separated in two egal paitts a nylon membrane (mesh of
25um) that allows extraradical mycelium (ERM) tospahrough but stop roots. The soil
used has been first sterilised by gamma-irradiadiat re-inoculated with a known amount
of fresh filtered soil suspension in order to stdése microorganisms content in soil. This
experimental device permits to obtain eight treait:iedepending on the presence or
absence of plant, earthworm&pprrectodea caliginosaan endogeic species) and AMF
(Glomus intraradices Four repetitions were made for each treatment.

Different physicochemical analyses have been peédron mycorhizosphere, drilosphere
(casts and faecal pellets) and distant soil. Ogyartter has been examined (fractionation,
degree of humification, biochemical content), adl@e organo-mineral aggregation and
stability. Thin sections have also been used.
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BIODIVERSITY OR EGINEERING: THE IMPACT OF PLANT DIV  ERSITY AND
PRESENCE OF ENGINEERING EARTHWORMS ON COLLEMBOLA

Izabella Olejniczak and Grzegorz Makulec

Centre for Ecological Research PAS, Dziekanow LeKimynopnicka 1, 05-092 Lomianki,
Poland

In 2004-2005 a lysimetric experiment was desigreddtermine whether and how plant
diversity and/or engineering earthworms could iefloe on diversity and densities of
collembolan communities. We compared two grass comities: a single-species
community, represented by a monoculturd-etuca rubral. and a polyculture made up
of the mixture of grasses (8 species) commonly usegriculture. In addition to two plant
communities of different diversity we used in owperiments an engineering species of
earthworm -Aporrectodea caliginosdSav.). The experiment was initiated in May 2004
when 300 lysimeters were sown wibestuca rubraand 300 lisimeters by mixture of
grasses. Next year, in May 2005, we added 6 indalsl of earthworm Aporrectodea
caliginosa(Sav.) to half of the lisimeters sown wiHlestuca rubraand mixture of grasses.
In experiments we used plastic lysimeters, 450imarea and 20cm deep, filled with
alluvial coarse sandy soil. Soil samples were take2005 at depths of 0-5cm, 5-10cm, 10-
15cm and 15-20cm., four times per season: in Apefore introduction of earthworms)
and in July, September and November (after introdnof earthworms). On each occasion
samples were taken from six lysimeters of eachawardf experiment. Soil samples were
taken from central parts of lysimeter to avoid thage effect. For statistical analysis
multivariate analysis of variance MANOVA/ANOVA wassed. Species diversity of
Collembola communities was calculated accordingStmnnon-Wiener equation using
logarithms at a base of 2. Hutcheson'’s test wad tisdetermine the statistical significance
of differences between the H indices. Three growese distinguished in Collembola
communities basing on their preference to soildaye

We found in our experiments that soil layer had important effect on densities of
collembolan communities independently of plant diity and presence of earthworms
(F=7,675; p=0,0000). But this phenomenon was chmengiuring experimental season.
After introduction of earthworms we noticed a piesiteffect of earthworms on densities of
Collembola (F=4,824; p=0,03), and this effect wawerintensive in polyculture of mixed
grass (F=3,924; p=0,01). However, after 4 months, faund no effects of both plant
diversity and presence of earthworms on Collembdla.found 19 species of springtails
and number of species decreased with soil layee déminants were pioneer species
Cryptopygus bipunctatu@xels.) andsotomodes productysxels.).

Our suggestion is that engineer earthworms probable an effect on diversity and
densities of collembolan communities but it is lably connected with plant diversity and
time in season.
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THE INFLUENCE OF EARTHWORM EXCRETES ON MICROBIAL AC TIVITY
OF SOIL

Oleynik A.S?, Bityutskii N.P?, Byzov B.A®

! Faculty of Soil Science, Moscow Lomonosov Statéveirsity, Leninskie gory, GSP-2,
Moscow, Russia® Saint-Petersburg State University, Staryi Petér@fanienbaumskoe
shosse, 2, Saint-Petersburg, Russia

A number of studies have shown that earthwormsciafiéological activity of soils. In
drilosphere, a two-fold increase in the abundarfdeacteria was observed. The length of
fungal mycelium decreased by one third. The quamftthe total nitrogen, carbon and
humidity noticeably increased in comparison withiveasoil. These features give the basis
to believe that earthworms actively participate timnover of biogenic elements and
regulate microbial communities of soil (Tiunov, $ah1999). The aim of this study was to
test the hypothesis whether excretes (mucosa atikregnt) of earthworms may act as
regulator of microbiological activity of sails.

Excretes were obtained by placing 50 worms in @®ksterilized sand for 2 days. Then
the excretes were extracted from sand with distilater and added to soddy-podzolic soil.
Dynamics of soil respiration and mineral nitrogeargvmeasured. Influence of excretes in
guantity equivalent to volume, that comes from amem in 10 grams of soil (8 pg C/g,
2.5 pg organic N/g and 0,17 pg WHy), led to increased respiration of microorganisms
2 hours after treating the soil. Emission of 8@s found to be 2-3 times higher when soil
was treated with excretes. Addition of glucose ulamtity equivalent to carbon that comes
with earthworm excretes did not increase respinati@onsidering the small amount of the
carbon from the excretes and the fast reactiohefticrobial community, it is possible to
assume that excretes stimulate respiration of miganisms on the stressful mechanism.
The reaction proceeds and disappears in a day tafigting excretes. Dilution removes
effect. This means that there is some threshol¢eration of substances which cause
stressful influence on microbial respiration.

Results of plating have shown that quantitativenges in bacteria and fungi have not
occurred, therefore we concluded that worm excretesnot change the structure of
microbial community.

We have found for the first time that earthworm rexes stimulated mineralization of
compounds of nitrogen in soil. For two days aftexating the concentration of NH
increased by 19 % and that of N®y 2 times. It corresponds to 70 times and 200064
more ammonium and nitrate ions, respectively, theas come with excretes. The
concentration of nitrate ion remained higher evanday 30 of the addition of excretes.
Dilution removes the effect. Therefore, there isiedhreshold concentration of substances,
which cause stressful influence. Ammonium chloadeed at a concentration equivalent to
that of the excretes stimulated nitrification, tddhis led us to assume, that earthworm
excretes could act as promoter (priming effectymirfieralisation of organic nitrogen and
nitrification in soil. Ammonium as the major common of earthworm excretes could
stimulate nitrification in soil, causing long-teroumulative effects disproportional to the
direct action. Possibly, complex organic substanaes utilized through so-called co-
metabolism.
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TROPHIC TRANSFER OF FATTY ACIDS FROM THE GUT MICROB IOTA TO
THE EARTHWORM LUMBRICUSTERRESTRISL.

Luis Sampedrd™, Richard Jeannoftand Joann K. Whaléh

(a) Department of Natural Resource Sciences, Madd@eampus of McGill University,
21.111 Lakeshore Road, Ste-Anne-de-Bellevue, Quét@x 3V9 Canada

(b) Departamento de Ecoloxia, Centro de InvestigecForestais e Ambientais de
Lourizan, Xunta de Galicia, E-36080 Pontevedrajrspa

The diet of earthworms includes soil organic matseil microbes and other microfauna,
but the relative contribution of these dietary comgnts to earthworm nutrition is not well
known. Analysis of fatty acid (FA) profiles can eal trophic relationships in soil food
webs, leading to a better understanding of theggn@nd nutrient flows from microbiota to
earthworms. The objective of this study was to wheiiee the origin of FAs assimilated by
the earthworniumbricus terrestrid.. We analysed the pattern of FAs in (i) the bsi,

(i) soil in the earthworm gut, (iii) the absorpitissue of the earthworm gut wall, and (iv)
the muscular layers of the earthworm body wall. tiafiate analyses performed on the
FA profiles suggest that the microbial communitythe earthworm gut differs from that in
bulk soil. Diverse bacterial and fungal derived Fadich earthworms cannot synthesize,
were found in the earthworm gut wall and body wahd in the neutral lipids (storage
lipids) of the gut wall. The major compounds isethtvere 20:46, 20:53 and 18:®6,
followed by the monoenoic 18 and 18:b9c, and the saturated 18:0. The microbial FA
assemblage in the gut wall resembled the gut smierthan the bulk soil, and the body wall
of L. terrestrisshowed the same microbial derived FA pattern aggtit wall, although at
reduced concentrations. We propose the existenaespécific microbial community in the
earthworm gut that provides FAs to the earthwotrappears thdt. terrestrismay derive
more of its energy and nutrients from gut spedificrobiota than from microbiota already
present in the ingested soil, based on the tropbiationships revealed through FA
analysis.
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CHARACTERIZATION OF POSSIBLE ENDOSYMBIONTS IN  ONYCHOCHAETA
BORINCANA

R. Valle, S. Borges, and C. Rios-Velazquez

Department of Biology, UPR-RUM,PO Box 9012,MayagileR 0068Iborges@prtc.net

The presence of endosymbionts in the gubnjchochaeta borincankad been suggested
but never characterized. The intestinal tissuehisf $pecies was examined using electron
microscopy and microbiological and molecularly gsgenetic engineering techniques, in
order to identify the possible endosymbiont micgamisms. Four gram-positive,
endospore-forming anfl-hemolytic strains remained adhered to the intaktivall even
after intense cleansing. Biochemical and physialalgicharacterization proved their
similarity with Bacillus cereuswhich is typically found in soils and has been mépd as a
possible intestinal symbiont in arthropods. Thessults were corroborated by SEM that
showed bacillary structures adhered to the intaktimall. However, amplification of
bacterial 16S rRNA encoding gene from the totalogeic DNA extracted from the gut was
not possible and FISH trials were negative maybe wuthe reduced number of these
proposed gut-associated-microbes that remainsthténtensive cleansing procedure.
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EXTREME GENETIC DIVERGENCE AND MULTIPLE CO-OCCURRIN G
LINEAGES WITHIN THE EARTHWORM  ALLOLOBOPHORA CHLOROTICA

King, R.A., Tibble, A.L. Morgan, A.J. & Symondsow,.O.C.

Cardiff School of Biosciences, Cardiff UniversiB,0. Box 915, Cardiff CF10 3TL, UK

Colour dimorphism occurs in the earthwoAtiolobophora chloroticawith green and pink
morphs. The two morphs appear to have differeological preferences (the green morph
preferring moister condition), although mixed paidns are common. Previous work,
including hybridisation experiments, suggested ttretse morphs may be genetically
isolated and possibly represent separate spedies & Gerrard 1985). Preliminary work
by Harperet al. (in press), using TGGE analysis of the mitochondii2aS gene, also
showed that divergent haplotypes may be presehiniihe green morph collected from a
single population.

To investigate levels and patterns of genetic @diter and possible speciation with#
chlorotica, we screened samples from 14 British populati@msséquence variation at a
585 bp segment of the mitochondrial cytochrome aséd|l (COIl) gene. The samples
included populations monomorphic for colour morpid aalso those possessing both
morphs.

A total of 23 haplotypes were found, belonging ttotl of eight distinct haplogroups or
lineages. There were four pink and four green dgolups. Within haplogroups,

divergence ranged from 0% — 1.4%, while betweerldggpup divergence ranged from

4.5% - 16.9%. Within single populations, haplotyfiem several divergent lineages were
found with as many as five haplogroups co-occurangingle field sites

Preliminary analyses, using scanning electron msgwpy, showed no morphological
differences between samples belonging to diverljeehges. There were no clear cases of
one colour morph possessing the mtDNA of the otlobour morph, suggesting that some
at least of these lineages are genetically distaimct are not hybridising with each other,
even where they co-occurr. Theories that could aacfor both the extreme divergence
and mixing of different lineages within populationgl be presented, along with evidence
that similar genetic structuring may be found withpopulations of other common
earthworm species.
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VARIABILITY AND DIFFERENCES IN EUROPEAN POPULATIONS OF
LUMBRICUSTERRSTRIS AS DETECTED BY MOLECULAR-GENETIC
FINGERPRINTING USING THE AFLP-TECHNIQUE

Klaus Richtet? Martin Potthoft, Oliver Gailling’, Reiner Finkeldeyund Friedrich Beede

! Department of Soil Biology and Plant Nutrition, idersity of Kassel, Nordbahnhofstr.
la, 37213 Witzenhausen, Germany

2 Institute of Soil Science and Forest Nutrition,iiémsity of Gottingen, Biisgenweg 2,
37077 Goettingen, Germany

% Institute of Forest Genetics and Forest Tree BregdUniversity of Gottingen,
Bisgenweg 2, 37077 Gottingen, Germany

The earthworms of the Lumbricidae family are widdigtributed across Europe following
the extending vegetation in south-north directidterathe last ice ages. In Europe (and
today also in other temperate areas) they sucdbiseficupied a high number of different
habitats.

TakingLumbricus terrestrigs one of the most common earthworm species weldek its
genetical variability within and between populaadinom different geographical regions.
Due to the support and collaboration of a high nends European earthworm scientists we
were able to cover an area from the Alps in thelsta Scandinavia in the northeast and
Scotland in the northwest. We applied the AFLP (Afigud Fragment Length
Polymorphism, Vos et al. 1995) technique to qugntiie genetical indices of the
populations.

This talk will cover a short but detailed desciptiof the method, its application on
earthworms and the presentation of results reptiegethe current status and progress of
our project.

The populations genotyped until now exhibit a corapeely high genetic diversity but
only a weak differentiation among the populatiolibus, there is no clear association
between geographic distribution and genetic difféegion of L. terrestris populations.
Also a loss of genetic diversity in northern popiolas due to a founder effect during
migration after the last glaciations was not detlelet. Taking into account that terrestris

is a widely spread organism with limited individuabbility our results do not match the
expectations of a restricted gene flow betweeradist-isolated populations. On the other
hand the high genetic diversity of the populatitnsiaybe a key to understand the strength
of L. terrestrisin occupying new environments

Until the Krakow-meeting we will increase the numloé¢ individuals and populations in
the study and we will verify our results from theoaymous AFLP markers by analysing
mt-DNA of L. terrestris
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FOOD REQUIREMENTS AND PREFERENCES OF ENDOGEIC EARTHWORMS

S. Marhan, P. M. Khopadg O. Butenschéhm S. Haask E. Kandelerand S. Schéu

Ynstitute of Soil Science, Department Soil Biologiiversity of Hohenheim, Emil-Wolff-
Str. 27, D-70599 Stuttgart — Germaflstitute of Zoology, Department of Soil Ecology,
University of Darmstadt, Schnittspahnstr. 3, D-6AZ&rmstadt, Germany

Endogeic earthworms ingest large amounts of orgamgtter enclosed in mineral soil and
are often the most abundant ecological group of liizidae in cultivated soils. During the
gut passage, soil organic matter (SOM) is mobiligein which only a small part is
assimilated by the earthworm itself. Only littlekisown about the origin and age of the
organic matter pool which is mobilised and usedHhsy earthworms to build up biomass.
The presented studies were conducted to gain insighthe food requirements and
preferences of two common endogeic earthworm speei@ctolasion tyrtaeunBavigny
andAporrectodea caliginos&avigny.

Six experiments were performed in microcosms aadal vessels, filled with arable soils
with different contents of SOM, and with and withahe availability of different litter
types. Controlled environmental conditions in ma@sms enabled us to investigate burrow
constructions and changes in live biomass of siggéeimens during the incubations.

The ability ofO. tyrtaeumto mobilise old soil organic carbon pools was shdw the**C
signatures of C&evolved from soil as an indicator of mobilized SOBbil derived from a
maize field, where cultivation had changed from ath@; plant) to maize (€plant) 23
years ago. Microbial biomass carbon in earthworntked soil derived from younger
carbon sources than in soils without earthwormsisSoom a long-term fertilization
experiment were used to study the effects of SORNtests on earthworm performance in
the same type of soil, consisting of the sametsgture and pH (Marhan and Scheu 2005).
The results document that mostly the labile organédter pool of SOM in arable soil is
essential for soil microorganisms as well as fodageic earthwormsQ. tyrtaeum
decreased the microbial biomass, which suggeste#ithworms and soil microorganisms
compete for food resources derived from labile piganatter pools. In a food choice
experiment with the same soils, caliginosaconstructed significantly more burrows in the
soil with higher SOM content. These findings quastthe use of different soils in the
substrate avoidance response test which is comnusely in ecotoxicological tests.

In another 9 month lasting experimédt tyrtaeumbenefited from the addition of litter to
microcosms consisting of arable soil. At the endth& incubation the animals lost less
weight in treatments with low quality litter (ry&aw). This indicates that in the long term,
low quality litter as rye straw may better serve teed for food resources of endogeic
earthworms than high quality litter which is decarsed rapidly by microorganisms. In
contrast to the positive effects of plant residaasendogeic earthworm performance, no
positive effects of living annual plants could betetted in three experiments which we
performed.

In conclusion, the presented studies demonstratdtik origin a minimum amount of SOM
is crucial for the establishment of endogeic eaottmvpopulations in arable soils.
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DEMONSTRATION OF THE ROLE OF EARTHWORMS ON THE REMO VAL OF
HIGHLY COMPACTED ZONES IN FIELD CONDITIONS

Capowiez Yvan(1), Bouchand Pierre(2), Cadoux StéefR), Pelosi Céline(3), Roger-
Estrade Jean(3), Boizard Hubert(2)

(1) INRA/UAPV Ecologie des Invertebres- 84914 AVIGN cedex 09- France

(2) INRA, Unité d’Agronomie Laon-Reims-Mons, Estséelons, BP50136, 80203
Péronne, France

(3) UMR INRA-INAPG, Laboratoire d’Agronomie, BP 01, 788 Thiverval-Grignon,
France

By their excavation activities, earthworms are tjiltuto contribute to the removal of
highly compacted zones (“delta” zones) but the tjtetive measurements of their impact
is lacking. A first experiment was carried out ams-field conditions (caging experiment).
Adult earthworm from the most common speciésinfbricus terrestris Aporrectodea
giardi, A. caliginosaand A. rosed were in presence of different compacted zonés: (i
horizontal, (ii) vertical layer and (iii) isolatezbne representing different natural situations
(under wheel or timmage compaction). Dependinghenspecies (and their behaviour) we
observed different impacts on compacted zoriestdrrestris is more prone to cross
horizontal layer wherea&. caliginosais more prone to colonize vertical ones). A second
experiment was carried out in field conditions tbakacterise the dynamics of the
recolonisation by earthworms after a compactioro(tgh a 8t vehicle). Under and between
wheels zones were followed during 2 years. We stlidearthworm bulk density,
earthworm community, 2D vertical macroporosity amdter infiltration measurements
were done. We observed that earthworm recolonisatoa rapid process (less than 6
months to recover similar abundances) whereas mpaasity and water infiltration are
much slower processes. This illustrates the diltfjcof using earthworm abundance as way
to estimate the physical consequences of earthwaotivity. Moreover, 3D soil cores were
collected at different dates under and between lshaed analysed through X-ray
tomography. This enables us to visualize the (sloggolonisation of the soil with
earthworm macropores and to discuss the effedtenflifferent species present in the field.
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SEED FORAGING AND CACHING BY LUMBRICUS TERRESTRIS

Emilie Regnier, Clive Edwards, Norman Arancon, Kdatrison, Jerron Schmoll

The Ohio State University, Columbus, OH 43210. A.S.

We recently discovered that the European earthwapaties| umbricus terrestriswhich
takes and stores plant litter as a food sourcesipérmanent burrows, interacts with seeds
of weedy species in its introduced range in thevixisktern and other parts of the United
States. Lumbricus terrestriscaches the seeds of the North American annual weed
Ambrosia trifida(giant ragweed), while foraging at the soil suefdxy gripping the large
seeds with its mouthparts and pulling them insiddéurrow. The function of caching seeds
remains unknown but the outer coveringdoftrifida seeds decays rapidly and may provide
nourishment to the earthworms. Field and laboyatxperiments were conducted to
determine seed foraging preferenced oferrestris namely if the earthworm forages in a
generalist fashion for large seeds and if it foeafmr seeds when other plant residue is
available. Lumbricus terrestriollected seeds of six large seed species tdstedached
higher percentages (77% to 86%) Auf trifida, Helianthus annuugcommon sunflower),
and Sicyos angulatug(bur cucumber) compared tX¥anthium strumarium(common
cocklebur), Zea mays and Glycine max(23% to 59%). These data confirm that the
earthworm forages as a selective generalist fatssand fruits within the size range of 7-22
mm. The basis for seed selectivity byterrestrisis unknown, but may involve physical
aspects such as seed size, shape, and texturdetleamnine ease of handling along with
chemical cues such as nitrogen and phenol cortabhtnay indicate the suitability of the
material for decomposition. Field experiments wemnducted to determine if seed
foraging activity byL. terrestris was affected by the presence of other plant litter
Ambrosia trifidaseeds were dispersed to the soil surface in plittsand withoutG. max
leaf litter. There was no significant effect ofditter on seed collection bly. terrestris
84% of A. trifida seeds were collected when plant residue was preseh 94% when
residue was absent. The data from these expesnsport the hypothesis that large
weed seed species constitute a regular componenaiafrials foraged bl. terrestrisand
are attractive to the earthworms even when ottaertpitter is available. Seed foraging and
caching byLumbricus terrestrisnay be an important biotic seed dispersal actiwit the
potential to influence seed survival and seedlstgldishment by large weed seed species.
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THREE-D SIMULATIONS OF BURROW SYSTEMS MADE BY EARTH WORM
COMMUNITIES AND STUDY OF SOME PHYSICAL CONSEQUENCES

Bastardie Francois(1), Capowiez Yvan(1l), Ruy Stéap(@)

(1) INRA / UAPV - UMR Ecologie des Invertébrés 9841 AVIGNON cedex 09- France
(2) INRA- Climat-Sol-Environnement — 84914 AVIGNQ#¢dex 09- France

In the past decade, X-ray tomography was succégsidbpted as a mean to study
earthworm burrow systems under natural or artifictanditions. However this method has
some limitations such the size of the soil core,dkistence of a border effect, and cost.
Recently a new apparatus, called the “Colonne Gdmnas developed that enabled to
study the trajectory of radio-labelled earthwornohbging to different species in soil cores.
The accurate knowledge of (i) the burrowing behavif earthworm and (ii) the 3D
characteristics of the burrow systems gave thessaecg information to develop a
simulator. The input parameters are: (i) the eastimvcommunity (and principally the ratio
anecic/endogeic), (ii) the interaction betweenteaorms (avoidance or not) and (iii) the
rate of burrow refilling. Hundred simulations wemade for each parameter set and several
output parameters were computed such as (i) voamdearea of burrows connected to the
surface and (i) the verticality of the burrow sysis. The first set of parameters was used
in another model to simulate water flow through blaerow systems. Interestingly, we
observed that increasing interactions betweenwarths increased the verticality of the
burrow systems. Regarding water flow, we obserhatithe key parameters were
unsurprisingly the proportion of anecic earthwomad ¢he intensity of the burrow refilling.
These examples illustrate the potential use okouulator to study the effect of
behavioural parameters on the resulting burronesyst
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EARTHWORMS TAILOR THEIR EJACULATES IN RESPONSE TO P ARTNER
MATING STATUS

Jorge Dominguez, Julio Eiroa and Alberto Velando

Departamento de Ecoloxia e Bioloxia Animal. Unilaaide de Vigo. Vigo. E-36310 Spain.

In many animals, individuals may mate repeatedlyhiwi their reproductive cycle,
producing competition among the ejaculates to lfegtiavailable eggs. Although most
studies have been restricted to organisms withragpaexes, sperm competition is likely
common in hermaphrodites and an important selediyent shaping life-history traits.
Simultaneous hermaphrodites have both functionalafe and male reproductive organs,
and it is assumed that they have a limited amofint@roductive resources to both sexual
functions and they are likely selected to adjust hsource allocation in an opportunistic
way. When multiple matings are common, animals miusest more in sperm to
outnumber that of their rivals and as a consequerfences sex allocation. Despite of a
strong theoretical basis, empirical studies of specompetition in simultaneous
hermaphodites are rare. In this study we manipdilaggthworm mating history performing
a double-mating experiment. Spermathecae were afésbeising a stereomicroscope and
the total sperm volume received in the matings essnated by the sum of the volume of
the four spermathecae. We found that donated spefume to virgin partners was not
affected by the number of previous copulations amdomparison, earthworms triplicate
the donated sperm when paired with a previouslyethgiartner. Moreover, after two
copulations, the total sperm volume in the sperosatecorrelated with the receiver body
mass, but not after a single copulation, suggestingithe amount of sperm transferred by
the second donor was related to receiver body n@assall, these results strongly suggest
that earthworms can evaluate their partner andsathye ejaculate accordingly.
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INBREEDING AND OUTBREEDING REDUCES COCOON PRODUCTIO N IN
THE EARTHWORM EISENIA ANDREI

Jorge Dominguez and Alberto Velando

Departamento de Ecoloxia e Bioloxia Animal. Uniidaide de Vigo. Vigo. E-36310 Spain.

Earthworms are animals with reciprocal inseminatidisenia andreiBouché, 1972 is a
simultaneous hermaphroditic earthworm that livesnenure heaps at high densities, with
low opportunities of dispersal, thus very closer@guling is expected. As the negative
effects of inbreeding and outbreeding may be seweeestudied whethet. andreiadjusts
its breeding effort according to the degree of nmatatedness. To test this, we performed
laboratory experiments in which earthworms wereemhatith their sibs and with non-sibs
from the same population and no-sibs from a geducafly isolated population.
Inbreeding and outbreeding matings caused a stredgction of cocoon production,
especially in genetic lines with high reproductrages. As far as we know, this is the first
study that indicates reproductive adjustment inthasrms according to the genetic
divergence of their partners. Optimal outbreedingutd be considered a crucial point in
the management of breeding populations for appiggoses.
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LUMBRICUS TERRESTRIS: SETTLEMENT AND DISPERSAL OF ADULTS

Niki Grigoropoulou, Kevin R. Butt, Richard Petersamd Christopher N. Lowe

School of Natural Resources, University of Centiaahcashire, Preston, PR1 2HE, U.K.

The aim of this study was to investigate the infleee of earthworm density and resources
availability on the settlement and distribution aflult Lumbricus terrestris A field
experiment, set up in a mixed broadleaved woodlamvdved manipulation off. terrestris
number and leaf litter amount in 1°rmanclosures, formed from plastic sheeting extending
20 cm above and 15 cm below the soil surface. Téatrhents included 3 earthworm
densities (ambient, +30 worms/m60 worms/r) and 2 leaf litter quantities (300g dnf/m
100g dm/m). These were replicated 5 times and were randaitdgated to the enclosures.
Midden number was used to estimate the number tiedd.. terrestris Destructive
sampling of 1 replicate per treatment allowed comdition of equivalence of one
earthworm per midden. Individuals trying to disgefsom the enclosures were captured
using tunnel traps, located on the soil surfacthatenclosure sides. Initial results of the
ongoing experiment suggest that midden formati@neiased after 1 month in plots where
earthworms were added and this increase was grigaf@ots with the higher leaf litter
supply. Increase in midden formation, and thereforthe number of.. terrestrissettled in
the enclosures, was significantly greater in thasplvith high food availability (p<0.01).
Finally, the number of dispersing earthworms wasificantly greater in the treatments of
earthworm addition for both food availabilities (h€5). Greater number a&f. terrestris
dispersed from plots with low leaf litter quantiiyt the difference was not marked.
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EVIDENCE FOR THE ADOPTION OF ALLOLOBOPHORA VIRESCENS
(SAVIGNY, 1826)

Christopher N. Lowe and Kevin R. Butt

School of Natural Resources, University of Centatcashire, Preston, PR1 2HE. UK

The temperate earthworm specidilobophora chlorotica(Savigny, 1826) exists as two
colour morphs, green (g) and pink (p). It is widelycepted that the two morphs have
different ecological preferences, linked to soiltevapotential. Field observations have
suggested that the green morph dominates in wkt and the pink morph in dry soils.
Breeding experiments (Kalmus et al., 1955; Satcli@®l67) have questioned the status of
these two morphs. If they become regarded as depapecies then the name
Allolobophora virescengSavigny, 1826) is available for the pink morpln{§ and Gerard,
1999).

Laboratory-reared stocks of both morphs (collechesn observed single morph field
populations) were established to further investigdie status of this species. Life cycle
traits (growth rate, fecundity and cocoon viab)lityere assessed, firstly in standard culture
conditions, and then in wet and dry soil moistuegimes (29 and 21 % soil moisture,
respectively). A breeding experiment was estabtigieedetermine cocoon production and
viability from p x g, g x g, and p x p pairings.f§dring from these pairings were cultured
to maturity, status determined and progeny of ppRigings backcrossed with those of p x p
and g x g.

Under standard culture conditions the green moxttibéed significantly higher (P<0.05)
growth rates, fecundity (3.17 and 1.5 coc wormonth! for g and p respectively) and
cocoon viability (87 and 58 % for g and p respesiiy. Growth rates of the pink morph
were not significantly influenced by soil moistuesels. In contrast, growth and maturation
rates of the green morph were significantly (P<pr@8uced in dry soil. Allpxpandgxg
pairings bred true. Cocoon production was low kg crosses, where both pink and green
individuals produced cocoons but only those frompgink morph were viable.

It is proposed that in wet soil conditions26 %), higher growth rates, fecundity and
cocoon viability provide the green morph with a qatitive advantage resulting in the
pink morph occupying, and having adapted to, dswts conditions. It is suggested that
soil moisture is acting to isolate these 2 morgeyiding in extremes, a barrier to inter-
morphic mating. Further evidence for this isolatan be drawn from the low fecundity
and cocoon viability of p x g pairings.
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DO EARTHWORMS TRADE SPERM?

M2 Fuencisla Marifio, Alberto Velando & Jorge Domieg

Departamento de Ecoloxia e Bioloxia Animal, Uniiagade de Vigo, E-36310, Spain

Earthworms are simultaneous hermaphrodite animats @nsequently the allocation
decisions of the reproductive resources on the raatk female functions influence their
fitness. It has been proposed that the sexual iconfletween the two genders in
simultaneous hermaphrodites could be resolved byeta trading. Theory predicts that
sperm trading should occur in hermaphrodites in ctwvhthe female role controls
fertilization, for example in earthworms with sperstorage in spermathecae such as
Eisenia andrei To see whether sperm trading occurs, we examitexther individuals of

E. andreiadjust the volume of sperm they release to themelthey receive from their
mating partner. One hundred hatchling€Eofandreiwere individually bred in plastic Petri
dishes until sexual maturity. Once sexually matuamdomly established couples of
earthworms (n=50) were housed in plastic Petrieissnd revised daily until the apparition
of spermatophores, indicatives of copula. Thenhe@atms were fixed and conserved with
formaldehyde 10% in plastic tubes until their latiissection. Spermathecae and seminal
vesicles were dissected using a stereomicroscopdctal volume of sperm measured to
check whether sperm trading occurs.
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PARENTAL CARE OF ENDOGEIC EARTHWORM COCOONS: IS
CLEANING, CONSTRUCTION, AND CAST SURROUNDING OF
CHAMBERS RELATED TO HATCHING AND SURVIVAL OF JUVENI LE
WORMS?

Angel I. Ortiz-Ceballosand Carlos Frago$o

YL aboratorio de Biotecnologia y Ecologia Aplicadaj\érsidad Veracruzana, Xalapa, Ver.
Mexico; “Departamento de Biologia de Suelos, Instituto dedeta, A.C. Xalapa, Ver.
Mexico

Earthworms inhabiting soil must face an environnfefitof bacterial and fungus activity.
Antibiotic and antimicotic strategies have beeneleped by different soil organisms,
including the formation of specific glands to coenaict the attack of these microorganisms.
As far as endogeic earthworms lay their cocoongrgrdund, it is expected to found some
kind of chemical and physical protection of thenon® of the last included the
construction of chambers and, in some worms, dépnsof cocoons within burrows of
other worms.

In this study we compared the cocoon care stragegfiewo endogeic tropical earthworms:
the exoticPontoscolex corethruruand the Mexican nativBalanteodrilus pearsei P.
corethrurusis a worldwide common parthenogenetic worm cutyefttund in disturbed
and natural tropical ecosystems, widely toleramtat@ls edaphic and climatic changBs.
pearseiis a native species widely distributed in southidexico and with wide tolerances
towards edaphic changes.

Observations were carried out in a glass chambesni@vide and 35 cm heigth. Worms
(sexual mature) were feed with soil and the legiwneuna pruriensin a dark room at 26°
C. Activity was recorded each hour, during 30 d&ys. found that both species build up a
chamber where a single cocoon is deposited; in tth@ species the beginning of
reproduction is negatively related to surface pastiuction. Deposition of cocoon within
the chamber differs between both spediesorethrurudays the cocoon in the air fixed by
several mucus filaments, whereaB. pearseifixed the cocoon with only two vertical
filaments. BothP.corethrurusand B. pearseisurround the chamber with fresh casts and
periodically clean inside the chamber. In anothgreeiment currently on the way, we are
testing the effect of this “parental care” behaviouwer hatching and survival of juvenile
earthworms.
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COMPETITION BETWEEN H. ELISAE ALVAREZ, 1977 AND OTHER
EARTHWORMS IN EL MOLAR, MADRID (SPAIN)

M. Ramajo, P. Hernandez, J.B. Jesus, D.J. DiamCosi

Departamento de Zoologia, Facultad de Biologiayéhsidad Complutense, Ciudad
Universitaria, 28040 Madrid, Spain.

An unusual distribution of earthworm species waseoted in an experimental plot in El
Molar (Madrid). The three most abundant specikdstmogasterelisae Allolobophora
caliginosaandAllolobophora roseaappeared

in three, relatively isolated areas. A possiblplaxation for this might be competition.
Competition between species often centres on fdbe; capacity to obtain food, the
efficiency of its use, and resistance to a lackoofl etc., all play their part. However, the
observed distribution might also be explained by dlecupation of space or other factors
(Margalef, 1974). The aim of the present work wasdetect the possible intra- and
interspecific relationships between theses threeiep in the laboratory.

Three types of microcosms were prepared: Monospédciintrols). These contained either
H. elisag A. caliginosaor A. rosea but always alone. Two types of control were et u
single (Control A) and double (Control B). The dticontrols contained twice the initial
biomass of the single controls, thus allowing isgrecific competition to be studied.
Polyspecific These cultures contained eithérelisaeplus A. caliginosa, H. elisaplusA.
roseaor A. caliginosaplus A. rosea.Soil from each of the three areas of the experiaient
plot (i.e., theH. elisae,A. caliginosaandA. roseaareas) was used as the culture medium,
rendering a total of nine treatments (6 replicgtestreatment) for each soil type. The sall
was renewed every 14 days. The experiment last@drionths. At each soil change the
earthworms were weighed and their state of matuatprded; the numbers of dead and
quiescent individuals were also registered. Cosoamre isolated by passing the soil
through a sieve column. Mortality for the three@ps in each treatment was practically
zero, with no significant differences between tmets. The results show that, in the
microcosms containing soil from the plot area whdreslisaewas the sole species (more
sandy and poorer in organic material), intraspedé@mpetition occurs ifl. elisaeandA.
roseaas well as interspecific competition between these species This is possibly due
to the lack of food resources owing to the scangyaoic material availableAllolobophora
caliginosa however, appeared to benefit from the presendbefther species and also
grew more quickly in the double controls, perhapsause earthworm activity (production
of mucus and casts etc.) improves the poor soinibrocosms containing soil from tife
roseaarea, intraspecific competition was seerHinelisaeand inA. rosea Interspecific
competition between these two species was also. deenontrast, the growth oA.
caliginosawas not affected by the presence of the otheriepealthough the presence of
A. caliginosadid affect the growth of. rosea.ln the soil from theA. caliginosaarea,A.
caliginosa itself showed intraspecific competition and intersific competition withH.
elisae. No differences in growth were seen betwddn elisae and A. roseain the
monospecific and polyspecific treatments. Togeth@ese results show interspecific
competition exists betweehl. elisae and A. roseain soils where these species are
dominant, but in thé. caliginosaarea all three species could coexist.

The results forA. caliginosavaried depending on the soil type. In poor stiks species
benefited from the presence of the other species,rbthe A. caliginosaarea soil the
presence ofl. elisaenegatively affected its growth.

The 8" International Symposium on Earthworm Ecology
4" _ g" September Krakéw, Poland



Poster 152

THE STUDY OF ABNORMAL MOVEMENT BEHAVIOR IN EARTHWOR M
AMYNTHAS GRACILIS CAUSED BY UV-B RADIATION

Shu-Chun Chuart§ Wei-Shan L&, Chih-Fan Yany Jiun-Hong Cheld

Institute of Zoologyand Department of Life ScierfcéNational Taiwan University, No. 1
Roosevelt Road, Section 4, Taipei, Taiwan 106

Earthworms Amynthas gracilisare often observed lying on the soil surfacenca puddle
after a heavy rain in Taiwan. In this study, ultcdet-B (UV-B) exposure was found to be
correlated to the dying on earthworms. Under theBJ¥xposure, the earthworms showed
the abnormal behaviors, the S-shape movement guttging behavior. Furthermore, their
crawling was retarded after UV-B exposure. In thiady, we found that the oxygen
consumption of the UV-B treated. gracilis significantly decreased and the metabolic
production of anaerobic respiration, lactate, insth earthworm muscles increased after
UV-B exposure. It inferred that the UV-induced cliany retardation was caused by muscle
lactate accumulatation in the earthworms. On therohand, it is well known that muscle
contraction is controlled by nerve coordination.nfgocells in earthworm ventral nerve
cords were shown Fos-labelled after the UV-B raaligtwhich is a molecular marker of
neuron activation. The UV-B radiated nerves in leaorms were found to have higher
protein kinase &€ (PKCo) activity. The PKC might regulate the opening bé tcalcium
channel(s) in presynaptic cells to increase theadetlular calcium concentration, which
promotes acetylcholine (ACh) releasing. Thereftite,treatment of PKC activators, either
PMA or calcium ionophore, A23187, enhanced the &lvnormal behaviors caused by UV-
B radiation. Contrarily, calcium channels blockezrapamil, blocked the jumping behavior
caused by UV-B radiation. Besides, the UV-B radiatilso decreased the activity of
acetylcholinesterase (AChE), a key enzyme in tmagtic cleft for ACh hydrolysis. AChE
inhibitor, chlorpyrifos, prolonged Ach activity cloli enhance the earthworm jumping
behavior. Together, all of those results suppaat KGr and AChE are involved in the
regulation of earthworm movement caused by UV-Batioh.
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EFFECT OF EXPOSURE OFEISENIA FETIDA TO CERTAIN COLORED
LIGHTS ON ITS BODY GROWTH AND COCOON PRODUCTION

M. Dasgupta & S.M.Singh

Vermiculture & Environmental Research LaboratorgpArtment of Animal Science,
M.J.P.Rohilkhand University, Bareilly-243 006 (U,Rndia, e-mail :
satyendramsingh@rediffmail.com

Effect of some visual range colored lights on tlel\b growth ofEisenia fetidaand its
cocoon production was assessed. The goal of theeprrestudy was to investigate the
influence of particular light radiation on the bodrphology of the earthworms in terms
of their length and weight and the rate of repraiduc

Six sets of buckets, each of 20 litre capacityeplicate of five, were taken. Each bucket
was filled with 2.5 cm base layer of broken pieoésdricks followed by a layer of the
similar thickness of coarse sand and a third layéoamy soil of 3 cm. The top layer of 20
cm thickness was of air dried, sieved cattle ddrige moisture level of the medium was
maintained by sprinkling 250 ml of tap water evexydin each bucket. A compact
fluorescent lamp (220V, 50Hz, 18W) was fitted haiggfrom 15 cm height of the central
top of each bucket. CFLs of thelst set were simghpped by red cellophane paper; while
of 2" 3¢ 4" and %' sets by blue, yellow, green and plain transpateithout color)
cellophane papers, respectively. The last set okdts was used as control (without light
system). Ten pre-weighed mature worrassenia fetidawere introduced in each bucket
and light was given 12 hours a day for two monBwdy length and weight of the worms
were taken and number of cocoons counted afterieneent.

Body growth of the worms was recorded the maximanthe buckets provided with red
light and the minimum in the buckets with no ligg¢ystem. The maximum body length,
body weight and number of cocoons were 11.2 cni, @.8nd 80, respectively in red light
system; while these values were the minimum i2c#H, 0.57 g and 29, respectively, in no
light system. The number of cocoons were 2.76 dim@re in red colored light system
with respect to the buckets devoid of light. Worrhizdy length and weight were found
positively correlated with respect to their ratereproduction (r = +0.993, r = +0.978,
respectively). Difference in the body length andglie of the worms was highly significant
(F- value = 25233, CD =0.003; F- value =3442.86, €D.011, respectively). The
progressive order of increase in the body growtbasthworms and the number of cocoons
produced in different color radiations was as:ightl< transparent < blue < green < yellow
<red
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MICROSATELLITE ANALYSIS OF PARASITE-HOST DYNAMICS | N
LUMBRICUS TERRESTRIS

Velavan T.P, Hinrich Schulenburg and Nico K Michiel

Department of Animal Evolutionary Ecology, Univeysof Tuebingen, Germany

Lumbricus terrestrigs an obligate outcrossing hermaphrodite anddhgekt earthworm in
northern Europe. Infection df.terrestrisby Monocystis spis a well studied host-parasite
system. Molecular markers are essential to undatstiae evolutionary dynamics of this
relationship and to assess the importance of @ieresses such as mate choice and habitat
fragmentation, historical processes (e.g. bottlkeecange expansions), and direct and
indirect selective forces that shape genetic vanain natural populations. Conducting
such studies requires availability of highly vat@bmolecular markers. Therefore we
successfully isolated several polymorphic micrdétde from this earthworm species. Our
primary use of these microsatellites will be todstpopulation structure and fertilization in

a mate preference contextlirterrestris.
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CHANGES IN PLANT COMMUNITIES INFLUENCE SOIL
MACROAGGREGATION THROUGH EARTHWORM ACTIVITIES IN
BRASILIAN AMAZONIA

Lavelle, P., Velasquez, E., Rendeiro, A.C., Matid., Grimaldi, M.

UMR 137 BIOSOL, IRD/Université de Paris 6, 32 ruen Varagnat, 93143 BONDY
Cedex, France

Soil macro-aggregation was assessed in the 1Galifféreatments of an experiment where
all possible combinations of 4 plant species hadnbenplemented in three replicated
blocks. Communities comprised a grasérachis pinto) and shrub leucaena
leucocephallegume and non legume African graBsachiaria bryzanthaand a local
shrub Solanum nigrum A visual method derived from Topoliantz and Pe&r{g000) was
used and 15 different classes of soil macroaggesgétiogenic or physical of different
sizes) and other soil features were quantifiedniSeant differences were observed and
attributed to changes occurred in soil macro-irelmdte communities, with special
influence of earthworms. Biogenic aggregates aagetito populations of one small sized
endogeic species were dominant in sites coverel thié herbaceous legunfgrachis
pintoi, alone or in association. The African gr&schiaria bryzanthafavoured macro-
invertebrate communities dominated by termites magro-aggregates were mainly made
by roots. Finally, legume and non-legume shrubs tedatively limited communities of
earthworms and their macro-aggregate fractions lypnestimprised elements of physical
origine.
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EARTHWORM INDUCED MINERAL WEATHERING — PRELIMINARY
RESULTS

Daniel Carpentér Mark E. Hodsoh Paul Eggletof) Caroline Kirk

1: Department of Soil Science, University of RegdiWhiteknights, Reading, RG6 6DW.
UK.

2: Department of Entomology, The Natural Historyddum, London, SW7 5BD. UK. 3:
Department of Mineralogy, The Natural History Musgl.ondon, SW7 5BD. UK.

The role of organisms in mineral weathering hasnbiewestigated by several authors.
Studies have shown that bacteria (Bennett et &l1RGungi (Burford et al. 2003), lichen
(Banfield et al. 1999) and plants (Augusto et @D@) all have a role in mineral weathering.
The role of annelid worms in mineral weathering Haeen little studied. Mineral
weathering has been demonstrated in marine ann@idHdroy et al. 2003) and there is
some indication that earthworms may also play a imlmineral weathering (Suzuki et al.
2003). Earthworms interact intimately with the srial soil and have a major influence on
the physical structure and chemistry of soils. ylirerease the porosity and the water
holding capacity of soils (Shipalto & Le Bayon 200Zheir casts have more available
plant nutrients than the bulk soil (Edwards & BohE996). They transport material from
the lower horizons to the soil surface and they responsible for the incorporation of
organic matter into the lower horizons (Mclnerney Bolger 2000). A series of
experiments were run to investigate the effect mfepigeic earthworm (Dendrobaena
attemsi) on soil minerals weathering.  The mineralsorthite, biotite, olivine,
montmorillonite and kaolinite were mixed with a rdteed manure substrate. Four
treatments were used to investigate the effect hef ¢arthworms on the minerals;
earthworms and minerals, earthworms and no minenalsarthworms and minerals, and
no earthworms and no minerals. The earthworms Vedréo process the substrates for 1,
2, 4 and 6 months. Four sacrificial replicates wesed. Changes in mineralogy were
analysed using x-ray diffractometry, scanning etecimicroscopy and chemical methods.
Results for these experiments will be presentedatidging of olivine (formation of Fe
oxyhydroxides) and biotite (release of K) appearbé accelerated by earthworm activity,
but more resistant minerals such as hornblendeanatthite show no significant alteration
over the shorter timescales of these experiments.
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MODELLING THE CONTRIBUTION OF EARTHWORMS TO SOILN POOLS
AND PLANT N UPTAKE IN QUEBEC AGROECOSYSTEMS

Nikita S. Eriksen-Hamel, Joann K. Whalen
Department of Natural Resource Sciences, McGilvErsity, Macdonald Campus 21,
111 Lakeshore Road, Ste-Anne-de-Bellevue, Quebatada, H9X 3V9

Earthworm activity increases the rate of nitroggdiag in soils and is generally associated
with an improvement in plant nutrient uptake aniinary production. The contribution of
earthworms to soil N pools ranges from negligibdle 33 kg N ha, for a range of
agroecosystems and climatic zones. Many of thefienaises are based on laboratory
experiments under optimal conditions for earthwaetivities. There is a need to further
refine these estimates using field data.

The scientific literature documenting earthworm teimitions to soil N pools uses one of
two approaches. The first determines the quanfity that is released from earthworms as
the total N consumed by earthworms minus the Nithassimilated into body tissues. The
second determines the quantity of N that is rekkaseaurine, mucus and casts, and from
dead earthworm biomass. However, the proportioMN akleased from earthworms and
transferred to plants is poorly understood. Eartimvactivity may cause some losses of N
by increased leaching, immobilisation in the migablbiomass and denitrification losses,
thereby decreasing the amount of soil N availabtefants.

We have developed a model to refine current estisnat earthworm contributions to soil
N by calculating a nitrogen mass balance aroungilssgstem. The model determines that
the total input of N to soil should equal all outpwf N (plant N uptake, leaching and
denitrification losses) plus any change in soil dbls (inorganic N, microbial biomass-N,
and other organic N fractions). The model providteproved estimates of earthworm
contributions to soil N pools and what proportidriteat N may be taken up by plants. The
key parameters, equations and the development ef ntodel will be discussed.
Furthermore, model simulations will be presented @@mpared to other estimates from the
scientific literature.
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THE EFFECTS OF AN ANECIC AND AN EPIGEIC EARTHWORM S PECIES ON
SOIL AMINO ACIDS; A SIGNIFICANT SOURCE OF ORGANIC N ITROGEN

Donovan, S.E. & Blackshaw, R. P.

University of Plymouth, Devon, PL4 8AA, UK

The availability of nitrogen (N) in soluble formkat can be taken up by plants limits
primary production in most terrestrial ecosysteriewever, the majority of N in soils is
organically combined, and up to half of this istlie form of amino acids (AA). The free
AA (FAA) are increasingly being recognised as ampontant part of hte soil N pool, for
both plants and the microbial population. In soiy&tesms, the FAA make up a significant
part of the plant’'s N budget. The efficiency of thecomposers is the principal regulator of
the rate of return of nutrients from litter to sdilbm where they can be taken up again by
plants. Earthworms are keystone species becaude afmportant role they play in many
soil processes, particularly in decomposition anttient cycling. This is in no small part
due to their high abundance and their widespresttiloition. There is a large temporal and
spatial variation in availability of AA in soils, ith a high turnover for individual FAA.
Systematic differences in FAA composition of s@ite due to ongoing soil processes and
earthworms can be a significant regulatory fac@triganova et al, 1989). Because of
their ‘ecosystemivorous’ nature (Pokarzhevaltiial, 1997) their AA profile could also
reflect the soil habitat in which they live.

The specific objectives of this work were:

(1) To see how earthworms from two different fegdgroups — the epigeicumbricus
rubellusand the anecitumbricus terrestris- affect soil FAA profiles;

(2) To compare the relative effect of different dotypes on earthworm and soil FAA
composition, and

(3) To compare the FAA profile of the earthwormsiagt the FAA profile of the soils.

We culturedL. terrestrisandL. rubellusin individual mesocosms filled with a standard soi
(Kettering loam), with either beech litter or horsanure as a food source; a control group
had no food. After six weeks the mesocosms wemalitled. We used High Performance
Liquid Chromatography to obtain FAA spectra frora #arthworms, soil and cast material.
Principal components analysis of these data shothed the FAA profiles differed
significantly. We discuss the effect of feeding gpcand food type on FAA composition,
and the implications of this on the cycling of angaN in soil systems.
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EARTHWORM SPECIES SPECIFIC AND ORGANIC MATTER EFFEC TS ON
BURROW PROPERTIES AND SOIL WATER MOVEMENT

Pérés G. *, Schrader S. **, Cluzeau D.*, Hallairé*¥y

CNRS-UMR 6553 “Ecobio”. Université Rennes 1.StatRialogique, F-35380 Paimpont,
France.

** EAL (Federal Agricultural Research Centre). iihgte of Agroecology. Bundesallee 50,
D-38116 Braunschweig. Germany.

*** UMR INRA/Agrocampus Soil Agronomy Spatializatio 65, route de Saint-Brieuc, F-
35042 Rennes, France

Earthworms modify soil chemical and physical prajsrby their burrowing activity and
by incorporating organic matter (OM) in the soilofile. Their burrows have a major
impact on water infiltration by creating preferetpathways for water transport. Previous
studies on the subject showed that properties wblaunetworks that influence water flow
are related to (i) the morphology and geometry oifrdw systems, (ii) the earthworm
ecological groups (endogeic, anecic, epianecickhvlireate different burrow networks,
and (iii) the trophic richness of the site whiclfluence the burrowing activity. Because of
their location between the macropore itself andsthié matrix, burrow walls may play an
important role in water exchanges in the soil. Wgdthesized that the chemical and
physical characteristics of the burrow walls magoahfluence the water transport irtte
soil matrix.The aim of this study was to quantifie teffects of three earthworm species (
terrestris — epianecic;N. giardi - anecic;A. caliginosa- endogeic) in relation to two
organic fertilization treatments (cattle manure i@l slurry) on the functional role of the
drilosphere by investigating (i) physical (distdlmn of pores) and chemical (carbon and
nitrogen) characteristics of the burrows and (igtev movement (infiltration through the
burrow and diffusion through the burrow wall inteetsoil matrix).

The study was carried out in microcosms (soil calar25 cm high with a diameter of 12
cm in Plexiglas tubes) under controlled laboratwgditions (10°C). The different organic
fertilizers were applied to the soil surface ananpared to a non-fertilized control. The
earthworm species were introduced into the colurans:species per treatment. In order to
characterize burrow properties at small scale, miatitration was assessed by using a
mini-infiltrometer equipment: considering differamater tension potentials (0.05; 0.2; and
0.6 kPa), this original equipment measures the duldr conductivity of soil and allows to
characterize different pore size classes of theolus. In each column, we distinguished an
“infiltrated zone" and a "non-infiltrated zone". &hical characteristics of burrows, i.e. C
and N contents, were measured (i) in two subzomeer layer (from the lumen of the
burrow up to 3 mm) and the outer layer (from 3-1t)ndii) at three depths of the soil
columns: 0-4 cm, 4-8 cm, 12-16 cm. Chemical meaments were also done with soil
samples obtained under the infiltrated zone anchtheinfiltrated zone in order to assess
the influence of the chemical characteristics ontewamovement. For all fertilizer
treatments, the introduction bf terrestrisor N. giardi increased the soil water infiltration
(0.05 kPa), whereas in the casetofcaliginosa(endogeic) this increase was only observed
under cattle manure. The pore size distributiobath large species differetl: terrestris
burrows are characterized by large pores (0.05 pklagreas large and medium pores (0.05
and 0.2 pKa) characterized tiNe giardi burrows. The vertical distribution (depth) and
horizontal distribution (from burrow lumen into bkaenatrix) of C and N were strongly
related to the earthworm species and to the festiliype.
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LINKING EARTHWORM POPULATIONS TO SOIL PROPERTIES IN
LANDSCAPES: POTENTIAL OF THE STATE-SPACE APPROACH

Monika Joschko, Catherine A. Fox, Jens Timmer

Leibniz-Zentrum fir Agrarlandschaftsforschung (ZALF D-15374 Muencheberg;
Agriculture and Agri-Food Canada, Greenhouse aratdasing Crops Research Centre,
2585 County Road 20, East, Harrow, Ontario Canagla NGO;

Freiburger Zentrum fur Datenanalyse und ModellbilgiluUniversitat Freiburg Eckerstr. 1,
D-79104 Freiburg, Germany

Knowledge about the relationships between earthwpopulations and soil properties is
important because of several reasons, such ahdoedtimating faunal abundances from
surrogate variables (soil properties), for estinmtifunctional consequences of faunal
activities in the field, or for identifying effectsf management. Yet, information about
quantitative relationships is not readily availabjgartly due to a lack of adequate
methodologies. Relations based on randomly flustgatalues of faunal abundances or
soil properties, detected by classical statisties,often not satisfying (Nielsen & Wendroth
2003). Therefore, new approaches are necessametecting solid relationships between
soil fauna and soil properties.

In this context, spatial studies were carried outagricultural sandy soils in north-east
Germany, in order to determine relationships betwesarthworm and enchytraeid
populations and soil properties at different scaldsge data were analysed with state-space
analysis. The results indicated close relationshigtsveen earthworm populations and soil
properties However, relationships differed betwsies, seasons and scale studied. From
the results we conclude that no universal relatigmsexist between earthworm or
enchytraeid populations and soil properties. Thaulte further indicate, that state-space
analysis is a promising tool for elucidating s@lha-soil relationships at different scales
and landscapes.
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EFFECTS OF WINTER COVER CROPS, REDUCED TILLAGE AND WEED
MANAGEMENT ON EARTHWORM POPULATIONS

Shaun Roarty Richard Hackettand Olaf Schmidt

1UCD School of Biology and Environmental Sciencerigiture and Food Science
Centre, University College Dublin, Belfield, Dubkh Ireland. E-mail:
shaun.roarty@ucdconnect.ie

*Teagasc, Crops Research Centre, Oak Park, Carieland

Winter cover crops are being investigated as degfyato reduce nitrate leaching in spring
barley cropping systems in Ireland. The objectif/this study was to assess the effects of a
mustard winter cover crop and different soil tilagnd weed management options on
earthworm abundance, biomass and species diversity.

A randomised-block field experiment was set up osaady loamy soil at the Oak Park
Crops Research Centre, Carlow, Ireland, in 2008rd fwere six treatment combinations in
a spring barley main crop system, comparing a madistaver crop with no cover crop,
reduced tillage with conventional spring ploughiagd natural regeneration with autumn
herbicide application. Each of the six treatmentbmations was replicated four times,
with individual plots measuring 12 m by 30 m. Eantihm populations were assessed by
hand sorting of soil blocks (two per plot) at thestected stages of the second/third barley
cropping cycle, namely after sowing of the mainpcrdlay 2005), after cover crop
establishment (October 2005) and before springghlmg for the next main crop (March
2006).

Data for May and October 2005 suggest that mustanger crop treatments, with or
without ploughing, supported smaller earthworm paflons than treatments in which
natural vegetation regeneration was allowed to octise of an autumn herbicide to
maintain bare soil over the winter for experimematposes was associated with the lowest
earthworm population levels. Ploughing caused aatah in earthworm population sizes
compared to reduced cultivation treatments.

It is concluded that mustard as a winter cover cemen though it provides organic matter
inputs and affords soil protection between mainpsrodoes noper seresult in larger
earthworm populations. This may be because it redlwgater availability on this light-
textured soil or because mustard is not a palatfmiod source for earthworms, possibly
related to its glucosinolate content, which hasnbg®own to have suppressive effects on
root-feeding nematodes.
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EARTHWORM CASTING AND BURROWING IN CONVENTIONAL AND
ORGANIC FARM SYSTEMS

J Scullion, S Neale & Philipps L.

Soil Science Unit, Institute of Biological Sciencémiversity of Wales, Penglais,
Aberystwyth, UK

Earthworm casting and burrowing activities affebé tdistribution of nutrients/organic
matter within the soil profile influencing the Id@an of root development and microbial
activity. Water infiltration and drainage are atpeatly influenced by burrowing patterns.
There is evidence from previous studies that larthagement practices associated with
conventional and organic farming affect the sized asomposition of earthworm
populations. Less information is available on tlmmsequences of these differences for
casting and burrowing patterns and on whether diféérences can be attributed solely to
population changes.

Three pairs of adjacent organic and conventionahgapracticing similar grass-arable
rotations on similar soil types were compared; sgveotation stages were investigated
within each farm. Population and activity data wereorded on three occasions over two
years. Abundance and weight of surface casts, iifarrow openings and burrows at 30
cm depth were recorded on each occasion. Relatpnsietween population and activity
data were investigated and these relationships amedpfor different rotational stages and
farm systems. Various soil and agronomic factorsevadso recorded.

On two of the three farm pairs, earthworm populaiaere generally higher on the organic
farm though not at all stages of rotations. Surfaasting was low on all arable compared to
grassland phases, regardless of farm system; leigsitées of casting were observed within
tilled layers during arable cropping. Organic sib@sl markedly higher densities of surface
burrows at most stages of rotations compared aggkethensities were at least an order of
magnitude higher than for casting on all but loAgem grassland. Burrow densities at 30
cm depth varied less between rotational phasegdenated to be higher on conventional
farm systems.

Casting indices and burrow densities at depth gdlgecorrelated poorly with population
data. Surface burrows in contrast showed clos¢ioakhips with most population classes.
There was a general tendency for levels of surfacgowing to be higher in organic
systems for a given population density, particyladuring arable rotation phases.
Burrowing at depth showed the opposite tendency.

Findings suggest some modification to earthwormaligtur in response to management
practices, in addition to population changes. logilons for soil fertility and function will
be considered.
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FUNCTIONAL RELATIONSHIP BETWEEN EARTHWORM ACTIVITY AND
SELECTED SOIL PROPERTIES CONSIDERING DIFFERENT SOIL TILLAGE
SYSTEMS

Doreen Klofat, Stefan Schrad&& Joachim Brunotte

Ynstitute of Agroecology ZInstitute of Production Engineering and BuildingsRarch;
Federal Agricultural Research Centre, Bundesallee88116 Braunschweig, Germany

It is well documented that reduced tillage systeamsipared to ploughing cause positive
effects on abundance and biomass of earthworms.ekeny there is still a lack in
knowledge concerning the direct relation betweemhearms, functional soil properties
and applied tillage in arable soils. For this remswe measured functional abiotic
parameters related to earthworm activity to go dedpto the role of earthworms as
important providers of ecosystem services.

Within the experimental field site of the Federajrisultural Research Centre different
tillage systems are applied for long terms sinceentban 10 years: conventional tillage
with ploughing, reduced tillage without ploughingel conservation tillage with harrowing
and mulching and direct drill as a no-till treatrhedll fields sampled were cropped with
maize in 2004. Sampling for earthworms and soilstuwe occurred at three dates some
weeks before and after harvest and finally aftél titage. In case of soil functional
properties like air permeability, water tension,lkbuensity, pore volume, pore size
distribution, percentage of water stable aggregatesorganic carbon samples were taken
only once between harvest and tillage.

Earthworm abundance and biomass were highest iditeet drill treatment followed by
the conservation tillage treatment. Two speciesevieund in all treatmentgporrectodea
caliginosa and Lumbricus terrestris Additionally, A. roseawas determined under direct
drill. L. terrestris dominated under reduced and no tillage. For modt roperties,
conservation tillage showed the most beneficialltesHere the proportions of water stable
aggregates and coarse pores, organic carbon cameir permeability were highest, bulk
density was lowest. The results indicated consemdillage to be the best way to promote
earthworms to gain ecological benefits from thetivity. The results will be discussed in
the light of measures for soil protection in agitietal management.
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THE LOCATION OF ORGANIC MATTER IN SOIL MATRIX AFFEC TS
GROWTH RATES OF APORRECTODEA ROSEA

Barne A. J.

A. N. Severtsov Institute of Ecology and Evoluti®yssian Academy of Sciences
33 Leninskij prosp., Moscow, 119071, RUSSIA

Earthworms are widely used in soil reclamation paogs in order to increase the
incorporation of organic matter, and stimulate diital activity in restored soils. Surface-
feeding species translocate litter into deep haszavhereas endogeic earthworms play a
key role in carbon stabilization, formation of dtalaggregates, and development of soil
profile. The availability of food for earthworms dffferent ecological groups depends of
its location in the soil matrix.

We investigated the effect of plant litter location the growth of juvenilé. roseaandL.
rubellusin a microcosm experiment. Poplar litter cut t8 2 cm pieces and mineral urban
soil were used. Five treatments with six replicatese set up: (1) mineral soil and litter
thoroughly mixed; (2) litter placed on the soil fae; (3) litter covered by mineral soil;
and (4, 5) litter only and mineral soil only, respreely. Three specimens &f rosea(mean
fresh wt 60 mg) or two specimens lof rubellus (mean wt 110 mg) were placed in each
microcosm. The experiments lasted six weeks.

The location of litter did not affect the weightciease of.. rubellus The growth ofA.
roseawas at a maximum (13+1 mg weBkn treatments with mixed litter and mineral soil
(1), and with buried litter (19+2 mg we&k The lowest growth (5+1 mg wedkwas
recorded in soil without litter and in litter withbsoil (4, 5). In the treatment with litter
atop of mineral soil (2) the growth was 9+1 mg wéek

In order to estimate the importance of the litaaraltion for earthworms of different size, we
compared the correlation between relative growtl (% of initial wt) and initial weight
of animals in each treatment. The results sugdestsmaller specimens &f roseahad a
relative advantage in the use of food sourceséntbatment with litter on the surface (2),
whereas in the treatment with buried litter (3)gkr worms grew faster than small ones.
Larger specimens df. rubelluswere seemingly more successful than smaller spawEim

all combinations of soil and litter.

Thus, the distribution of organic residues in restio soils can affect dynamics and
eventually the overall success of inoculated easthwpopulations. Endogeic earthworms
utilize litter buried compactly or dispersed thrbugpil matrix more effectively than litter
concentrated on the soil surface. This suggests gheliminary soil preparation (e.g.
turning under) is necessary to ensure a successtlof endogeic earthworms in soil
restoration programs.
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THREE-D SIMULATIONS OF BURROW SYSTEMS MADE BY EARTH WORM
COMMUNITIES AND STUDY OF SOME PHYSICAL CONSEQUENCES

Bastardie Francois(1), Capowiez Yvan(1l), Ruy Stép(@)

(2) INRA / UAPV - UMR Ecologie des Invertébrés -9841 AVIGNON cedex 09- France
(2) INRA- Climat-Sol-Environnement — 84914 AVIGNQ#¢dex 09- France

In the past decade, X-ray tomography was succégsédlopted as a mean to study
earthworm burrow systems under natural or artificanditions. However this method has
some limitations such the size of the soil core, éitistence of a border effect, and cost.
Recently a new apparatus, called the “Colonne Gdmwas developed that enabled to
study the trajectory of radio-labelled earthwornohging to different species in soil cores.
The accurate knowledge of (i) the burrowing behawiof earthworm and (ii) the 3D
characteristics of the burrow systems gave the ssecg information to develop a
simulator. The input parameters are: (i) the easthwcommunity (and principally the ratio
anecic/endogeic), (ii) the interaction betweenteaorms (avoidance or not) and (iii) the
rate of burrow refilling. Hundred simulations werade for each parameter set and several
output parameters were computed such as (i) vommdearea of burrows connected to the
surface and (ii) the verticality of the burrow sysis. The first set of parameters was used
in another model to simulate water flow through therow systems. Interestingly, we
observed that increasing interactions between warths increased the verticality of the
burrow systems. Regarding water flow, we obsenveat the key parameters were
unsurprisingly the proportion of anecic earthwonmd éhe intensity of the burrow refilling.
These examples illustrate the potential use of sionulator to study the effect of
behavioural parameters on the resulting burronesyst
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EARTHWORM RESPONSES TO LONG TERM AGRICULTURAL
MANAGEMENT PRACTICES .

Blackshaw, R. P.; Donovan, S.E.; Hazarike, S.

University of Plymouth, Devon, PL4 8AA, UK

Crop production with different tillage practicesdasubsequent crop residue management
are important factors for sustainable agriculturerldvwide. Soil structure, degradation,
soil erosion, organic matter loses and changecemsisve biological properties are major
issues that have brought about renewed interé#iaige and residue management practices
for crop production. Tillage and other soil manageimpractices affect earthworm
populations by affecting the food supply, mulch qurction and chemical environment.
Earthworm populations are almost always higher unuetill than under conventional
practices (Parmelee & Crossley 1988, Aslemal 1997). Numerous examples from
research plots and producers’ fields support tmelasion that reduction of tillage intensity
encourages earthworm populations. Moldboard playghand no-till represent two
extremes of tillage systems, and systems with nmteliate levels of soil disturbance and
surface residue usually have populations interntediatween the two extremes.

The specific objectives of this project were to mkse the effects of long term
agroecosystem management practices on:

(1) earthworm abundance and diversity and

(2) soil properties.

We sampled plots that had been under the sameatidt for 23 years. All were annually
sown with winter wheat, and there were two treatisiesoil disturbance (ploughed, tined
and direct drilled) and crop residue (straw residiedt in situ or removed). The replicated
plots were sampled for earthworms (hand sortingodfmonoliths, 25 cm x 25 cm x 10 cm
deep), and the soil from these pits were analysedCf and N. Other soil properties,
including stable isotope ratios, soil enzyme agtjvimicrobial biomass and bulk density
were also recorded but will be reported in a corfgrapaper.

The degree of disturbance had a significant eftectearthworms, with both a higher

abundance and biomass in the direct drilled plbite addition of straw also increased the
number of earthworms. The degree of disturbanceaadition of straw increased the %C
in the 0-10 cm depth of soail, but had no significaffect on the %N. The earthworm

species composition also varied according to the tveatments. We will discuss these
findings with reference to sustainable agroecosyste
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EFFECTS OF DIFFERENT TILLAGE PRACTICES ON SOIL PROP ERTIES AND
EARTHWORM POPULATIONS

Briones M.J.I, Bescansa B.Imaz M.J, Virto 1.2 & Enrique A?

!Dept. Ecologia y Biologia Animal. Facultad de Bigie. Universidad de Vigo, 36310
Vigo, Spain

’Departamento Ciencias del Medio Natural, ETSI Agrans, Universidad Publica de
Navarra, 310006 Pamplona, Spain

Intensive agricultural practices (ploughing, féstition, burning of the residues...) strongly
affects the biodiversity and fertility of soils. @hntroduction of conservative agricultural
techniques, including reduced tillage systems (aa.tilage and conservation tillage),
provide favourable conditions for the soil popwdas due to an increase in the amount of
organic residues as available food and the reduaifothe mechanical alteration of the
surface horizons.

The aim of the study presented here was to contpareffects of different tillage systems
on soil properties (N, K, P, SOM, electrical contiity and soil pH) and earthworm’s
diversity and abundance. The site selected wasleyb@onoculture located at a semi-arid
area in Olite (Navarra, Spain). In 1994 a completadom block design of sixteen
experimental plots including three tillage systeansl one control system was established
with four replicates per treatment: (i) conventibtiitage with a mouldboard plough (MT),
(i) reduced tillage (RT), (iii) no tillage with sbble burning (NTSB) and no tillage (NT).
Fertilisers and pesticides are commonly appliedlitplots. Two soil samples (20 x 20 cm)
per treatment were taken to a depth of 20 cm fahearms in May and November 2004.
Additional soil samples from three different depf@ss, 5-15 and 15-30 cm) were taken for
chemical analyses in November 2004. Earthworms Wwanel-sorted in the field, fixed in a
10% formalin solution and identified in the labsjgecies level.

The earthworm community consisted of three speddlsiobophora rosea, Scheroteca
gigas and Prosellodrilus praticola Significantly more worms were collected in autymn
three months after the cultivation preparationthaaigh A. roseawas only recorded in
May. Conventional tillage had a detrimental effectA. roseaandS. gigagpopulations and
no single specimen of these two species was fothdth sampling date®. praticolawas
the dominant species in all treatments and the epcies present at the MT treatment,
although its mean density was severely reduced Qo0S). Treatment effects were only
significant in November when the two no tillageatraents (NT and NTSB) supported a
higher earthworm population than the RT and MT tireants (p < 0.05). No significant
differences between treatments were detected fproithe soil characteristics measured,
with the exception of nitrogen which was signifidgnlower in the MT treatment.
Furthermore, significantly higher N, K and SOM aamts were present in the upper soil of
all treatments when compared with the deeper layers

We conclude that conventional tillage has a negatifect on earthworm communities and
that different agricultural practices have a difer effect on different species. Climatic
conditions may also play an important role on emotfm activities especially in semi-arid
areas and, consequently, harvesting the crop andviag the agricultural residues from
the top soil could result in sudden exposure of gopulations to extreme temperatures,
especially in the summer months.
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DEMONSTRATION OF THE ROLE OF EARTHWORMS ON THE REMO VAL OF
HIGHLY COMPACTED ZONES IN FIELD CONDITIONS

Capowiez Yvan(1), Bouchand Pierre(2), Cadoux StéefR), Pelosi Céline(3), Roger-
Estrade Jean(3), Boizard Hubert(2)
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(2) INRA, Unité d’Agronomie Laon-Reims-Mons, Estséelons, BP50136, 80203
Péronne, France

(3) UMR INRA-INAPG, Laboratoire d’Agronomie, BP 01, 788 Thiverval-Grignon,
France

By their excavation activities, earthworms are tjiltuto contribute to the removal of
highly compacted zones (“delta” zones) but the tjtetive measurements of their impact
is lacking. A first experiment was carried out ams-field conditions (caging experiment).
Adult earthworm from the most common speciésinfbricus terrestris Aporrectodea
giardi, A. caliginosaand A. rosed were in presence of different compacted zonés: (i
horizontal, (ii) vertical layer and (iii) isolatezbne representing different natural situations
(under wheel or timmage compaction). Dependinghenspecies (and their behaviour) we
observed different impacts on compacted zoriestdrrestris is more prone to cross
horizontal layer wherea&. caliginosais more prone to colonize vertical ones). A second
experiment was carried out in field conditions tbakacterise the dynamics of the
recolonisation by earthworms after a compactioro(tgh a 8t vehicle). Under and between
wheels zones were followed during 2 years. We stlidearthworm bulk density,
earthworm community, 2D vertical macroporosity amdter infiltration measurements
were done. We observed that earthworm recolonisatoa rapid process (less than 6
months to recover similar abundances) whereas mpasity and water infiltration are
much slower processes. This illustrates the diltfjcof using earthworm abundance as way
to estimate the physical consequences of earthwaotivity. Moreover, 3D soil cores were
collected at different dates under and between lshaaed analysed through X-ray
tomography. This enables us to visualize the (sloggolonisation of the soil with
earthworm macropores and to discuss the effedtenflifferent species present in the field.
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OLIGOHUMIC ENDOGEIC EARTHWORM INDUCED MINERAL
WEATHERING — A FIELD STUDY

Daniel Carpenterl, Mark E.HodsopPaul Eggletof David Morganr, Crickette Sariz
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2:Department of Entomology, The Natural History Mus, London, SW7 5BD. UK.

3: Max Planck Institute for Evolutionary Anthropghp Department of Primatology, 6
Deutscher Platz, 04103, Leipzig Germany

It is hypothesised that the different ecologicgbety of earthworms will have different
effects on the weathering of soil minerals, duthtoproportion of the mineral soil ingested
by these different types. Endogeic earthwormsfamed deeper in the soil horizon and
feed on the mineral soil (Edwards and Bohlen, 1996)Africa, the endogeic earthworms
are further separated according to the amount gdroc matter in the soil. Oligohumic
endogeic earthworms feed on mineral soils whichehaary little organic matter in them.
Field work was carried out in the Republic of Congassess the influence of oligohumic
endogeic earthworms on soil mineral weathering. sddesms where employed to assess
the impact of earthworms on the weathering of aemsihspike to the native soil. Four
treatments were used: spiked soil with earthwolpied soil without earthworms; native
soil with earthworms; native soil without earthwarm The experiment was run for 5
weeks. Changes in soil mineralogy were analysawjusray diffractometry and chemical
analyses. Results from these field experimentsbsipbresented.
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EARTHWORM ACTIVITY AFFECTS SOIL AGGREGATION AND SOI L
ORGANIC MATTER DYNAMICS IN DIRECT MULCH-BASED CROPP ING - AN
EXPERIMENTAL STUDY

Coq C!, Barthés B, Chevallier T, Chotte J.L:, Rabary B> & Blanchart E

! Institut de Recherche pour le Développement (IRIR,SeqBio, BP 64501, 34394
Montpellier cedex 01, France
2 FOFIFA, URP SCRID, B.P. 230 Antsirabe 110, Madaga

Soil provides a wide range of ecosystem servicasale essential for human life and well
being, e.g., food and fibre production, carbon sstration, erosion control, water quality,
detoxification, and regulation of climate, Theseve®s are based on ecosystem functions
such as organic matter dynamics, nutrient cycliet;. Decades of studies have
demonstrated the importance of soil fauna and raiganisms in the functioning of sails,
and particularly in organic matter dynamics. Nelvel¢ss the role of soil biological activity
and diversity in regulating ecosystem functionshsas organic matter dynamics, and the
way it can be valued, maintained and managed icwtyral systems is poorly understood.
In the tropics, direct seeding mulch-based croppfdC) systems are extending,
especially in South America. These systems chaiaeteby no-tillage and permanent soil
cover reduce soil disturbance and often resultsigaificant accumulation of soil carbon, a
decrease in erosion, and an increase in soil Hidbgctivity and biodiversity. Studies in
Brazil, Benin and Madagascar showed a strong iser@athe density and biomass of soll
macrofauna, especially earthworms, in DMC systelfsthworms are known to modify
soil structure through soil ingestion and cast pobidn, and to modify the living
community of the drilosphere. These changes leanddifications in soil organic matter
dynamics, a key factor in soil functioning and e tdurability of agricultural practices.
However, the links between earthworms’ density éase and changes in organic matter
dynamics in such systems has not been clearlydzlte.

Our experimental study aimed at analyzing the éfffcendogeic earthworms on soll
aggregation, carbon localization and protectionireggamineralization according to the
quality and localization of crop residues, in ayela Inceptisol in the highlands of
Madagascar. Ten experimental treatments were studienesocosms, crossing: presence
or absence of earthworm®&dntoscolex corethruryis presence or absence of residues
(soybean or rice), localization of crop residuegdirporated into the soil or left at the soil
surface). The experimental setting was maintaingihd five months. Then soil samples
were wet-sieved, and earthworm casts were mansalharated from non ingested soil.
Total soil and fractions were analyzed for carbonogentration, and carbon mineralization
was measured during a 28 day incubation at 28°@i#arm addition had significant
effect on soil aggregation, particularly increasthg proportion of> 2 mm water-stable
aggregates. Litter addition, quality and localiaathad no effect on aggregation. Total soil
carbon was not significantly affected by earthwaaddition, but it was slightly higher
when litter was added, especially when it was ipooated. Carbon concentration was
higher in casts than in not ingested soil. Morepwarbon located within the casts was
more protected against mineralization comparectban in not ingested soil.

These results show that in the studied systemhwartns play a role in the location of
carbon and in its protection. However, relativefednces between treatments may have
been partly hidden by the naturally high carboncemtration of the studied soils.
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INTERACTIONS BETWEEN MORPHOLOGICAL CHARACTERISTICS OF
EARTHWORM BURROWS NETWORK AND WATER DIFFUSION IN SO IL:
SIMULATION & MODELISATION

A. Delong, B. Chanclou, G. Pérés C. Walter , J.R. de Dreuzy , V. Hallaire™ & D.
Cluzeau

*Université de Rennes |, UMR CNR=:0Big Station Biologique, F- 35380 Paimpont
** Université de Rennes |, IRISA, Campus de Beaylie-35042 Rennes cedex,

*** Agrocampus, UMR INRASAS, rue de St Brieuc, F-35042 Rennes cedex

**** Université de Rennes I, UMR CNR&éoSciencesCampus de Beaulieu, F-35042
Rennes cedex

Currently, the development of new methods of s@hagement aims to limit the physical
disturbances of the arable layer, and has as &qaoaace and interest a notable increase in
the functional diversity of soil fauna. In partiaul this new agriculture involves an increase
of earthworm populations, major responsible oflitedogical porosities of soil (tubular and
packing voids). The long term objective is thusgtantify the influence of this porosity
increases on the processes of water circulatirapiis (initiation, diffusion, macropore and
matrix flow).

The aim of the study was to create a simulatorasthevorm burrows network, thanks to
knowledge on the earthworms burrowing behaviourassto, as well as possible, adjust the
simulation of anecics earthworms to biological itgall his simulation allowed (i) to obtain
geometrical data on the burrows and (ii) to simaukaigreat number of networks in order to
carry out a typology of these networks accordingpecies. Then, a second stage was to
put in parallel the simulation of the networks andhodel of water infiltration in order to
identify the more important morphological parametesf the earthworm networks
according to the hydrodynamic properties. In cosicn, this study should permit to
quantify the influence of the earthworms bioponpsib soil water diffusion.
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SOIL FRACTAL DIMENSION, PERTURBATION AND EARTHWORMS
COMMUNITIES

Duhour A. E., Costa C., Momo F., Falco L., Malaaalz

Laboratorio de Ecologia. Departamento de Cs. Bésldaiversidad Nacional de Lujan.
Cruce de Rutas 5y 7. CP 6700 CC 221. Lujan. Pe@avite Buenos Aires. Argentina

During the last 20 years the surface of annualucelin the pampean region of Argentina
(34° S and 59 O) has increased, especially with transgenic saylf@licine may.

This process has produced a reduction in earthwpopulations, changes in their
community structure, and modifications in soil sture. Rotation with pastures allow for
soil recovering and fertility maintenance. Soilusture, in particular soil porosity, may be
characterized by measuring their fractal dimensi@m indicator of pore system
complexity).

The aim of this work was to analyze the relatiopshbetween earthworm community
structure and soil fractal dimension in relationthe recovery process that occurs during
the pasture cycle.

In the experimental dairy farm of National Univéysof Lujan (northeast of Buenos Aires
province, Argentina) three fields were selectedphgture age and use history. The first,
sowed in 1997 (P97), the second one in 1998 (PA&)tlze third one in 1999 (P99). In a
neighbouring city a reference field that preser@sy8ars without cultivation (SN) was
studied.

Samples were taken in autumn 2000. Soil and earthveamples were randomly taken
between intersection points of a 1 ha grid, equafigced at 25 m. Fifteen earthworm
samples were hand-sorted from a 25 x 25 x 20 chpedion. We registered total biomass,
number of individuals and species composition. Maxn species richness (Smax) was
estimated by means of the Chao index. The Shanmm®xiof diversity (H) was calculated,
and the confidence interval estimated by jacknifingthod. Relative abundance of species
were plotted against rank, and fitting to geomesecies (Motomura) and “broken stick”
(Mc Arthur) models were evaluated.

Five undisturbed samples were taken for fractalyaig impregnated with a mix of a
polyester resin and a fluorescent dye. Images tiéhmd blocks were taken with a digital
camera and converted to binary. Soil mass fradmakedsion (Dms), pore mass fractal
dimension (Dmp) and soil surface dimension (Ds) ewealculated by box-counting
method.

Results for biomass (g/fand number of individuals (ind/Mare greater in the three-year
pasture (P97: 72,1; 702,9) followed by SN. The $&nalalue was found in P99 (17,8;
426,7). Species richness and H were greater in $Npecies and 2,48; followed by P97
and P98. Species' distribution functions show bditing to Motomura model indicating
an intermediate level of perturbation with somerdniehy in resources' competition. Dms
was smaller in SN and P97 (1,92), Dmp and Ds weeatgr in the SN site (1,80). We
found that earthworm populations do recover inssaith pastures, and at the same time an
improvement of soil structure measured by mearfsagtal dimensions is observed; these
effects were observed after 1 year of pasture intateon.
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ECOLOGICAL GROUPS OF EARTHWORMS — THEIR BIOHYDROLOG ICAL
IMPLICATIONS AND SENSITIVITY TO SOIL PROPERTIES AND
MANAGEMENT

Christoph Emmerlinfy Heinz-Christian Friirfd Otto Ehrmant

YUniversity of Trier, FB VI — Department of Soil 8tice, Campus I, D-54286 Trier,
Germany

2 Faculty of Agricultural Sciences and Landscapehiiecture, Fachhochschule Osnabriick
(University of Applied Sciences), P.O.Box 1940, B389 Osnabriuck, Germany

® Miinster 12, D-97993 Creglingen, Germany

Earthworms are functionally classified into epigeindogeic, and anecic ecological group.
These ecological groups of earthworms (epigeicogeit, anecic) are different in their
feeding behavior, in their burrowing behavior, andheir distribution in the soil profile.
From this it can be inferred that they are influagcthe hydrological soil properties in
different ways. This is discussed for the threelagioal groups with respect to water
infiltration, preferential flow and soil hydrophadity.

The influence of soil properties and managemertherdistribution of functional groups of
earthworms is elaborated from case studies withltigated soils, soils with toxic horizons
and soils varying in their tillage regime systemslditionally we present results from
mesocosm studies.
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THE EFFECT OF EARTHWORMS ON ACCUMULATION OF SOIL OR GANIC
MATTER DURING POST MINING SOIL DEVELOPMENT

Frouz J. & Pizl V.

Institute of Soil Biology, Biological Centre AS CRa Sadkach 7, CZ-370 @eské
Budgjovice, Czech Republic

The effect of macrofauna on soil organic matteruandation (carbon content in soil),
microbial respiration, and microbial biomass in tpwsning soil was studied in field and
laboratory microcosm experiments. Field experimemas carried out at colliery heaps
located in the Sokolov brown-coal mining area (€GzBepublic). Two sites were chosen,
the first reclaimed by planting aldeAlfus glutinosa and the second un-reclaimed,
naturally overgrown by shrubs among whighlix caprea, Betula penduland Populus
tremuladominated.

Field microcosms consisting of autochthonous litkesd mineral (tertiary clay from a
pioneer site) layers were exposed at the sitesrferand three years. The microcosms were
either accessible or non-accessible to soil maaraaThe access of soil macrofauna did
not increase significantly carbon mineralizatiome(loss of organic matter from the whole
microcosms) but increased the translocation of mogmatter into the mineral layer. This
effect seemed to be more pronounced at the redtbsitey, apparently due to higher density
of earthworms. Accumulation of organic matter i timineral layer resulted in higher
microbial respiration and biomass.

Laboratory microcosms were constructed consistihgnimeral soil (alkaline clay spoil
substrate) and two types of litter: taken from amreclaimed site and site reclaimed by
planting alder. Both types of microcosms were ina@d with five different types of
decomposer community, originating from the samél f@te as the litter: (1) microflora
only, (2) microflora + mesofauna, (3) microfloramesofauna + litter feeding macro-
arthropods, (4) microflora + mesofauna + litter Hiwg earthworms and (5) microflora +
mesofauna tumbricus rubellusFour microcosms of each type were incubatederdtirk

at 15C for 90 days. The presence of macrofauna resiitedore intensive litter removal
from the litter layer. Litter removal correlatedtiwithe accumulation of C in the mineral
layer of the spontaneous sites, while it correlatéthi carbon loss from the system at the
reclaimed sites. Considering both litter types thgeit was evident that litter fragmenting
macro-arthropods were responsible for carbon lagshégher actual microbial respiration,
while the presence of soil mixing rubellusresulted in higher potential respiration and
carbon accumulation in the mineral layer.

Comparison of both field and laboratory microcosndicated that the presence of litter
mixing earthworms may be more important for soganic matter accumulation than the
type of litter.

The study was supported by the Academy of Scierick®e Czech Republic, grant No.
1QS600660505
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EFFECTS OF NATIVE AND EXOTIC EARTHWORMS ON SOIL PRO CESSES IN
THE NORTH AMERICAN PACIFIC NORTHWEST

P.F. Hendrix, K. Cromack, Jr., R.L. Potter and Tin§éme

University of Georgia, Athens, GA, USA and Oregdat§& University, Corvallis, OR, USA

As many as 100 species of Nearctic earthworms nsayran wildland ecosystems in the
Pacific Northwest of North America, but little isnéwn about their influence on soil
processes compared to the exotic earthworms thaheading forests and grasslands in the
region. We studied native and exotic earthworm petns in and around old-growth
Douglas fir forests in central Oregon and oak-deask savannas in northern California to
assess their relative abundance and effects omg@ihic matter dynamics. Field surveys
showed that native earthworms were primarily enéggeccurred mostly in undisturbed
habitats, and were highly clumped in their disttibos; densities ranged from 0 to 32
(mean=5) m? in forests and from 0 to 96 (mean=60¥ in grasslands. Exotic earthworms
occurred mostly in disturbed areas (e.g., pastg@$é,courses) and along stream banks in
forested areas, reaching highest densities inlifedi pastures (over 500 pern Field
experiments showed significantly greater effectsembtic than native species on cast
production, surface litter incorporation and midedbmineralization, even at equal
population densities. Because native earthwormenaftcur at lower densities than exotic
species, exotics should exert greater effects taives do on soil processes; where they
occur together, competitive interactions betweetivaand exotic species may alter these
patterns.
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EARTHWORMS UTILIZATION AND THEIR POTENTIAL USEINT ROPICS,
FOR INCREASING SOIL FERTILITY

Esperanza Huerta. Jannet Rodriguez-Olan, IsabalEastillo , Efrain Montejo-Meneses,
Marcela de la Cruz-Mondragon, Roberto Garcia-HeteanSheila Uribe, Dingler de la O.

El Colegio de la Frontera Sur Unidad Villahermdsm. 15.5 Carr. Villahermosa-Reforma,
Villaherlmosa Tabasco, c.p. 86280, Mexico. ehuekthg@zcosur.mx

At the southeast of Mexico, Tabasco we are seaycthia potential use of earthworms in
order to increase soil fertility. We studied 24si{7 natural and 7 managed sites) where we
applied TSBF method (25x25x30 cm monoliths) in otdedentify earthworm species and
their relationship with soil properties, in natueald managed sites (some of them also in
spatial way). 10 or 50 monoliths were made by dite found the highest diversity of
earthworms (2.58 Shannon index) in natural site®giEal rain forests) where organic
matter content (3-15%), P available (13-24 mgk@nd total nitrogen (0.14-0.43%) were
also high. We contributed with 3 new registers floe state. We found.avellodrilus
bonampakensiand Balanteodrilus pearseias native species important for being used in
agro ecosystems, because of their tolerance tdinimamanaged sites (sugar cane culture
and crops). We have cultured tropical epigeic e@artims Dichogaster saliens)vith
manure, cacao wastes addcuna prurienar. utilis leaves in order to find their potential
use for vermicomposting, after 90 days of the expent: the highest individual fresh
weight of 360 + 127 mg, with the highest growtteraf 3.54 + 5.03 mg d&y cocoons with
most biomasses (8.88 mg), and casts with the higloegent of organic matter (4.81%), N
(0.24%), available P (29.3 mgKgand k (2 cmol kg) were found in substrates with 1.5 %
Mucuna pruriens var. utilisAlso we have cultured in spite of their ecolagiteatures,
endogeic earthworms akavellodrilus bonampakensisPontoscolex corethrurysand
Balanteodrilus pearsein substrates rich in fresh organic matter (1.BB4cuna pruriens
var. utilis) where they have increased their biomass twicena month, so as they can be
reintroduced in agro ecosystems with leguminousriter to promote soil fertility. We
have reintroduced earthworms (Glossoscolecidaed teaditional backyard culture, we
observed the highest organic matter content (5.48%%)plots with earthworms and
leguminous, 1.2% higher than control plots (ploithaut earthworms and leguminous).
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EARTHWORM ECOLOGY AND INFLUENCE ON SOIL PROPERTIES IN
BAHIAGRASS/PEANUT/COTTON CROPPING SYSTEMS

Tawainga Katsvairo, David Wright, Jim Marois, JimRich, Dallas Hartzog

University of Florida, NFREC. 155 Research Roadin®@u FL. 32351

Growers are encouraged to adopt diverse croppistess. Diverse cropping systems
generally increase yield and promote greater andenubiverse soil fauna and flora.
Numerous and diverse soil fauna including microlsipécies, beneficial arthropods and
earthworms are essential for the productivity abagosystems. Studies were conducted in
Headland, AL and Quincy FL, in 2005 and 2006 toleat® earthworm species and their
influence on soil properties including water infition in bahiagrass based peanut/cotton
cropping system compared to the traditional peaatttin cropping system. We also
monitored the growth and development of earthwahmsugh the season. The sod rotation
had greater earthworm densities than the conveaitispstems at both sites. So far,
identification of the Microscolex phosphoreus (Acanthodrilidae), AmyntHageridgei
(Megascolecidae), Amynthas corticarsd Diplocardia eisenihas been made at the Florida
site and Aporrectodeatrapezoides (Lumbricidae) andOcnerodrilus occidentalis
(Ocnerodrilidae)species were found at the Alabama site. Most efghrthworm species
identified are exotic to the Southeast United StafEhe higher earthworm population
densities in the sod rotation increased watertiafibn at both sites. Soils in the coastal
region of the United States have a natural compadayer between the 15-30 cm soil
depths. This layer restricts root growth. Earthwochannels were visible even in the
compaction layer. The roots of the subsequent gattops were able to grow through the
channels to reach deeper soil depths. The rotatidtts higher earthworm densities also
had the greater cotton root development in term®aff biomass and root crown diameter.
Earthworm juveniles were mostly found in winter amdre adults observed in summer.
Earthworms are important to the cropping systemsab®e they increase aggregate
stability, water holding, and aeration and redugéese crusting.
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EFFECT OF EXOGENOUS ORGANIC MATTER ON EARTHWORM
POPULATIONS IN SANDY AGRICULTURAL SOIL: A SPATIALA PPROACH

Marion Kirchnerl, Monika Joschko2, Dietmar Barkugkifelix Gerlach3, Olaf Schmidt4

1 Fachhochschule Eberswalde, Fachbereich Landsobéftung und Naturschutz, D-16225
Eberswalde;

2 Leibniz-Zentrum fur Agrarlandschaftsforschung (&), D-15374 Muencheberg;

3 Komturei Lietzen, D-15306 Lietzen Nord;

4 UCD School of Biology and Environmental Scienggriculture and Food Science
Centre, University College Dublin, Belfield, Dubkh Ireland

It is known that biodiversity in sandy agricultusdils is strongly related to soil organic
matter content, especially in soils under dry ctimaonditions. Positive effects of organic
matter additions on different soil organisms haeerbfrequently documented. However,
most of these results are from small field trialdl anay not be applicable to large, spatially
variable fields. Therefore, an experiment was edrout at a 74 ha heterogeneous field site
in north-eastern Brandenburg (Lietzen), where eroge organic matter originating from
limnic sediments was applied in November 2005. Siagpf earthworms was carried out
on 42 permanent plots which were characterized itfgrdnt soil properties before and
after the manuring. We hypothesized that no unigesponse of the soil organismic
community to organic matter additions would be fbubut spatially different reactions of
organisms at the plots. We expected that earthwoearsted positively especially at those
sites which already supported a thriving earthwaopulation during recent years. The
results of the first sampling period after the mamy in spring 2006 are reported and
discussed.

The 8" International Symposium on Earthworm Ecology
4" _ d" September Krakéw, Poland



Poster 181

A CLASSIFICATION SCHEME FOR EARTHWORM POPULATIONS
(LUMBRICIDAE) IN CULTIVATED AGRICULTURAL SOILS IN
BRANDENBURG, GERMANY

Stefanie Kriick Monika Joschkg Riidiger Schultz-SternberdBarbel Kroschewski
Joachim Tessmann
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12051 Berlin, Germany

?_eibniz-Centre for Agricultural Landscape Resed@ALF), Institute for Landscape
Matter Dynamics, Eberswalder Str. 84, D-15374 Mbeherg, Germany

3Brandenburg State Office for Environment, T7 SedtEction, Michendorfer Chaussee
114, D-14473 Potsdam, Germany

“Humboldt-Universitat Berlin, Faculty of Agricultusnd Horticulture, Department of
Biometry and Experimental Design, InvalidenstraBe2-10115 Berlin, Germany.

Earthworm activity is observed at long-term monitgr sites as an indicator of soil
function to assess changes resulting from envirowaheand management conditions. In
order to assess changes, characteristic valuesrthinerm populations under different site
conditions have to be known. Therefore, a classifim scheme for site-specific earthworm
populations was developed for soil in agricultutade, taking interactions between
earthworm populations and soil properties into aotoCharacteristics of sites grouped by
means of a cluster analysis after principal compornalysis served as a basis for the
derivation of the classification scheme. Soil vialég found to characterise site differences
with respect to earthworm populations were theutexbf the topsoil, the texture of the
subsoil, and the soil organic matter content. Exéural classes of the topsoil were divided
into five groups comprising sandy soils (Ss), sind soils (Su), slightly loamy sand soils
(SI2), medium to strongly loamy sand soils (SI3JS&hd loam and clay soils. Soil organic
matter was divided into grades of equal size iarege from <1, 1 — 2 up to > 6 %. The
variables earthworm abundance and earthworm speesm® selected to represent
earthworm populations and were divided into sixug® ranging from very low to
extremely high. Defined groups of earthworm popate showed a clear structure in
relation to soil texture groups and the contersaif organic matter. From this distribution
a classification scheme was derived as basis fognmmstic values of site specific
earthworm populations, thus enabling the interpietaof changes over time.

Soil properties as well as management were accolent®r variation in earthworm
populations on the arable sites in Brandenburg.uhomanagement affects the soil
organic matter content, this aspect can have aeggrédgluence on earthworms than on the
soil carbon content, which leads to deviationshim tlassification scheme. The same effect
can be assumed for sites with conservation tillage.cover further sites and land use
systems with the classification scheme it may becoecessary to add further explanation
variables to the scheme. However, the presentedifitation scheme was suitable for the
prediction and interpretation of earthworm popuwlatistructure and size for cultivated
agricultural soils in Brandenburg in a first evdiaa carried out for sites reassessed after
10 years as well as for sites which were not inetlith the original database.

The authors would like to thank Dr. Johannes Griamd Dr. A. Siss for making the data
available for this work. This work was funded bg thUA Brandenburg (FE-Vorhaben A8-
2/93).
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INFLUENCE OF SOIL TYPE AND CROP ON EARTHWORMS AND G ROUND
BEETLES IN AGRICULTURAL LANDSCAPES

Kuu Annely, lvask Mari

Estonian University of Life Sciences, Tallinn Unisity of Technology

Out of all dry land ecosystems, the biological dity is the biggest in soil. Soil biota is of
fundamental importance in the cycling of nutriemtlscomposition processes, movement of
matter and energy. Soil biota plays central rolthendevelopment of biological diversity of
agricultural landscape; several soil biota growggzresent approved indicators of land use
and agricultural activities. Earthworms are the tmiogportant decomposers of organic
matter in the soil, being at the same time conrettethe processes taking place in the
ecosystem. The main carnivorous insects livinghendoil are ground beetles. Among the
more important genera from agricultural perspectiveCarabus, Pterostichus, Harpalus
andAmara

Agricultural activities change the diversity of tleosystem directly, influencing the
survival of individuals; or indirectly, changingettievel of resources. Agricultural activities
such as soil tillage, turning the soil while plogirfertilization, irrigation, using pesticides,
planting hedges, tree lines or small forest etduarfce very strongly the soil biota,
affecting the organisms living on the surface oé tkoil as well as underneath it.
Mechanical cultivating of the soil with differeng@cultural machines influences especially
strongly all the invertebrates of the soil. Eartihme are influenced by soil cultivation, the
way of crop husbandry, fertilization, plant protent in dry areas also irrigation. Soil
cultivation influences the abundance of earthwordisectly (through mechanical
disturbance) and indirectly (decreasing the avaitgtof nutrients, destroying the habitat,
taking plant litter fall into deeper layers, reamging the reserves or organic matter between
soil layers, opening the population of earthwormsirds). The ground beetles are very
sensitive to plant protection products, especipiigticides, through direct contact as well
as through eating poisoned prey.

The aim of the research is to evaluate the inflaeerfcsoil types and crops on earthworms
and ground beetles in the soil of different agtietal landscapes in Estonia. Twenty four
study areas of three most widespread soil typesb{paendzinas, typical brown soils and
pseudopodzolic soils) all over Estonia were setkdie each group of soil type, eight fields
with different management practices were seleabedstudies on 2003-2004. Earthworms
were collected during autumn period when the easthvg are most active and when they
can be found in the upper soil layers, by handirspninethod. Collecting the samples of
ground beetles on the soil the pitfall-traps wesed.

The mean abundance of earthworm communities wasitfireest in pseudopodzolic soils
and in 2003 the hay fields turned into the mostable habitat for the earthworms, in 2004
they preferred the abandoned fields. Ground beditesot show significant prefers for soil
types and crops, probably abundance of ground dseetl agricultural landscapes depend
on different factors.
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SOIL FOOD WEB, C AND N TRANSFORMATIONS AND SOIL STR UCTURE:
INTERACTIONS AND FEEDBACK MECHANISMS AS A FUNCTION OF THE
QUALITY OF EXOGENOUS ORGANIC MATTER

Ben Leroy, Stefaan De Neve, Dirk Reheul, Mauricesh®

University of Ghent, Dept. of Soil Management amd Sare, Coupure Links 653, B-9000
Gent

Applying organic matter (OM) to the soil is crucfak (i) maintaining the organic carbon
content and (ii) soil structure, (iii) the biodieéy , (iv) functioning of the soil food web
and (v) protection against erosion. It is widelytm that the quality, i.e. the composition,
of the applied OM has a significant influence oe thifferent functions of the soil (e.g. soil
physical properties, disease suppression, nutegailability); however, not all kinds of
organic amendments are of equal value.

The aim of our research is to determine how chamgewil physical properties and soil
food web structure induced by the different queditof OM interact with each other and
how they influence the C and N mineralization iil.so

Therefore we designed a field experiment in whiglvesal organic amendments are
applied, starting in spring 2005. The field triala randomised complete block design with
4 replicates and compares 8 treatments: farmyartureacattle slurry, vegetable, fruit and
garden waste (VFG) compost, two types of farm coshpmineral fertilizer, and two
treatments without fertilization (one with and owéhout a crop). All plots (8 x 6 m?)
receive the same amount of organic C (4000 kg Cémae or twice a year. Due to a
different nutrient content, applying the same anadirorganic C induces the application of
unequal amounts of plant available N. Consequeatifra mineral N is applied on
organically amended plots. The experiment has dllewing crop rotation: fodder beet,
winter wheat, a catch crop, potatoes and ryegrass.

Soil physical properties, C and N mineralizatioistribution of C and N over different soll
fractions (soil physical fractionation), and chamge composition of the soil fauna and
flora are monitored over time. Three major compaseaf the soil food web are
investigated: the microbial population and the pafion of nematodes and earthworms.
Earthworms are sampled with mustard powder andesutest handsorting. The day before
the sampling, 6g of mustard powder is mixed witmL®f water to produce a paste.
Immediately prior to sampling, this mustard pastemixed with 0.8 of water. A metal
frame of 20 x 20cm? is placed on the soil and @pditter within the frame is cleared. The
mustard solution is then poured evenly acrossrdmad. After 10 minutes, while collecting
the emerging earthworms, this treatment is repea&étdr another 10 minutes, the soil in
the same quadrant is excavated using a higher fnataé to a depth of 20cm, spread on a
white plastic and handsorted to detect remaininghearms. Per plot two samples are
investigated.

At the start of the experiment, samples were tateridentify the initial earthworm
population. Species present wérambricus terrestriendLumbricus rubelluganecic) and
Allolobophora rosegAllolobophora chloroticaand Aporrectodeae caliginoséendogeic).
We will monitor the influence of the different ttezents on the earthworm population.
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EARTHWORMS AND NITROGEN COMPOUNDS: SADIE ANALYSIS O F
DISTRIBUTION IN A “STUDY POINT”

Irina A. Panchenko, Andrei D. Pokarzhevskii, Konsita B. Gongalsky

Institute of ecology and evolution of RAS, 11907bddow Leninsky pr.33 Russia
ipanch@yandex.ru

Spatial distribution of earthworms and activitywéter-soluble N and NQ and protein
content (Bradford assay) in soil were studied ity 2000 in a grid (6 x 24) of adjacent
samples in a spruce forest near Borovsk (Kalugéomed5°13’ N, 36°22' E, Russian
Federation). A sample size was 76°camea and 15 cm depth. Six species of earthworm
(Dendrobaena octaedra, Lumbricus castaneus, Llusbél.terrestris, Aporrectodea rosea,
A.caliginosa) were extracted from soil by hand isgrt Mean density of earthworms was
188 per m with dominating of A.caliginosa (72 per’mActivity of NH, and NQ and
protein content was measured in a 5 g-probe froeryesample after 7day-conditioning
(each probe was moistening by 2.5 ml of distillegtav and kept during conditioning at
22°C). Mean activity of Niwas 0.53 mg/g soil, N§- 0.45 mg/g and protein content — 5.1
mg/g. Pearson correlation r= .17 was significant @34 (Dutilleul (1993) modified)
between protein content and total number of eantmgobut was insignificant for any
separate species number and any nitrogen comp@/ADIE analysis (Perry & Dixon
(2002) was used to determine spatial associationdigsociation) of earthworms and
different nitrogen compounds. Positive SADIE X ird®ints out an association between
parameters under study, and negative one indickdeeciation between them. Strong and
significant (p<0.025) association was shown for sN&ttivity and: total number of
earthworms (X= 0.425, p<0.0001), A.caliginosa numfé= 0.26, p=0,013), juvenile
Aporrectodea number (X= 0.222, p=0.004), D.octaatrenber (X= 0.373, p<0.0001).
Strong assotiation was also observed for proteimert and: total number of earthworms
(X= 0.382, p<0.0001), A.caliginosa number (X= 0.2480.002), juvenile Aporrectodea
number (X= 0.23, p= 0.007), D.octaedra number (X298, p= 0.0003). Strong and
significant (p>0.975) dissociation was revealedyofdr NH, activity and Lumbricus
species number (X= -0.17, p= 0,98). There was modation (or dissociation) between
NO; activity and earthworm number (total or separgiecies). Pearson correlation (r=
0.18) between Nactivity and protein content was significant p4(Dutilleul (1993)
modified) while SADIE association was more stroXg (0.291, p= 0.0004). It is obvious
that relations between both the compounds are gtoecause Niactivity is a marker of
microbial processes and protein content is a madfemicrobial biomass. Both the
compounds exhibits very strong dissociation with yddue: NH, activity (X= -0.555, p
>0,999) and protein content (X= -0.246, p=0.99MisTstudy confirms hypothesis that
earthworm distribution and activity is connectemsgly with microbial activity in soil.

The study was supported by the grant of PresidemYébung Scientists, programs “Young
candidates of the RAS” and “Young aspirants of RA®id RFBR grant 06-05-64502.
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EARTHWORM COMMUNITIES IN SYSTEMS OF REDUCED TILLAGE IN AN
ORGANIC ROTATION

Martin Potthoff, Maren Metzk& Michael Quinterhand Jirgen HER

!Department of Soil Biology and Plant Nutrition, Weisity of Kassel, Nordbahnhofstrasse
la, d-37213 Witzhausen, Germany

’Department of Organic Farming and Cropping, Uniitgisf Kassel, Nordbahnhofstrasse
la, d-37213 Witzhausen, Germany

Tillage reductions in organic farming are not asyeto work out as for conventional
farming since weed control is very limited excemt mechanical inputs. Chisel plough or
no-till practises are clearly attributed to susibie farming for the support of soil
organisms and soil biological functioning. For gomzhsons, namely the exclusion of
agrochemicals and mineral fertilizers, also theaorg growers raise a claim on sustainable
land use. In organic farming it is important to d®p and establish gentile soil tillage
practises to benefit from the support of soil oigars, especially from ecosystem engineers
like earthworms.

A project to test systems of reduced tillage inamig farming was established at the
Domain Frankenhausen (research farm of the UnjvefiKassel) in Germany in fall 2002.
Three tillage systems were compared on a siltysldesived soil in a 6 crop rotation with 4
replicates in a randomized design. The tillageesystestablished were (1) ECOMAT,

a shallow (6 — 10 cm) inversive ploughing; (2) ége culture system and (3) conventional
tillage down to 30 cm as a NIL control. In fall ZDthree years after establishment of the
field plots earthworm communities were investigatsihg formalin extraction.

In total 6 species were detected covering the esidognd anecic ecological groups. In
general, the earthworm abundance was low coveriagg@e from zero to 84 individuals m-
2. It turned out that shallow ploughing using th€E@MAT technique didn't make a
difference to conventional ploughing in earthwormpplations while the ridge culture
system was significantly reduced in earthworm nummband biomass compared to
conventional ploughing. This was true for both egelo and anecic species. The highest
abundances of anecic earthworms (dominated by iredieis) were recorded for the
ECOMAT-treatment. Detailed results for abundance biomass will be presented on the
level of ecological groups.

We conclude that tillage reductions are not effectfor the support of earthworm
communities as long as ploughing is just reducedepth and disturbance stays on as a
permanent characteristic of the agro-ecosystemgeRmilture systems, however, detract
earthworms even more than conventional tillages T$imaybe due to an increased number
of measures (eg. weed control) and/or due to lssufable habitat conditions in the ridges
(microclimate like moisture and temperature amgkts). More detailed investigations on
the habitat quality of the ridge culture systemskey groups in soil fauna are needed to
put value on these systems as favourable tillageganic rotations.

The 8" International Symposium on Earthworm Ecology
4" _ g" September Krakéw, Poland



Poster 18¢€

THE IMPACT OF CULTIVATION TECHNIQUES ON EARTHWORM
POPULATIONS IN NORTHERN EUROPE

A Rothwell”, K Chaney, PPJ Haydock& J Colé

Crop and Environment Research Centre, Harper Adémieersity College, Newport,
Shropshire, TF10 8NB, UK

2Syngenta (UK) Ltd., Jealott's Hill International §&arch Centre, Bracknell, Berkshire,
RG42 6EY, UK

The economics of cereal production following th&iear of the Common Agricultural
Policy has made farmers evaluate the methods osestdblish a crop. Concerns about soil
erosion, water-runoff and reduced biodiversityamf systems have prompted research into
the benefits of conservation tillage. Earthworm ydafions are regarded as important
indicators of soil health and increase graduallgamconservation tillage. They play a
pivotal role in maintaining soil structure througte incorporation of soil organic matter,
redistribution of soil nutrients and aiding watefiliration (Tebriigge and During, 1999).
Conservation tillage refers to non-inversion ti#taghich leaves 30% or more crop residues
on the soil surface after planting (Kéller, 200Phe number of operations is decreased or a
tillage implement that requires less energy pet argéa is used to replace an implement
typically used in a conventional tillage system.n@entional tillage denotes mouldboard
ploughing typically to a depth of 25 cm followed bgcondary operations. The intensive
manipulation and destruction of the soil structtwepled with a reduction of valuable food
resources reduces earthworm numbers and biomass cengpared to conservation tillage
(Gerard and Hay, 1979).

Limited work has been carried out across northewroge with regard to the impact of
conservation tillage on earthworm populations. fd®ults presented in this paper form part
of a research project looking at the effect of igalion techniques on earthworm
populations. This research is part of a 3 year EHd-tlemonstration project (2003-2006)
looking at improved ways of managing the land,sitij conservation tillage techniques in
order to minimise soil and water erosion. Experitabsites have been established in
temperate northern European countries in the Utdiaddom, Belgium and Hungary. The
primary hypothesis was that conservation tillagbemw compared to conventional tillage
was beneficial to earthworm numbers and biomasgh&arm populations were sampled
using both mustard extraction and soil coring tégnes in the autumn and spring. The
trends from the demonstration sites show that tlegeimporal fluctuation in data the
conservation tillage techniques were more benéfitvapopulations than mouldboard
ploughing. The dominant species in soil subjectdaventional tillage techniques were
endogeic species in contrast to conservation éllafere epigeics and anecics were more
abundant.
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EARTHWORM AND ORGANIC INPUT MANAGEMENT IMPROVE THE
QUALITY OF SOILS AND TEA PRODUCTION IN SOUTHERN CHI NA

Ruiz-Camacho N E. Velasquez P. Panigrahi, J. DaiP., B.G Zhang P. Lavellé

'UMR 137 BIOSOL, IRD/Université de Paris 6, 32 ruenf Varagnat, 93143 BONDY
Cedex, France ;

2 College of Natural Resources and Environment, IS@lina Agricultural University;
510642, Guangzhou, China

In disturbed ecosystems, soil fertility decreases iacreased chemical fertilizer inputs do
not result in a proportional increase in crop yieMore nutrients are lost and soil
degradation is accelerated.

Four treatments were tested in order to improvegtradity of soils and tea produced in the
area of Yingde in the Guangdong Province (Chinahpgushe Organic Biofertilisation
(FBO®) technique (Senapati et al., 1999). This metis based on the combined effects of
the introduction of earthworms and a specificalsidned application of organic inputs
that result in improved nutrient inputs and specdrowth stimulation processes. These
effects also have significant effects on soil gyafparticularly its physical structure and the
many properties associated to it.

We installed the systems in trenches 45x15x30crmgumorganic (NPK) and organic
inputs and several local earthworm species amonighwimynthas corticis(Kinberg,
1867)was dominant. Soil and tea quality were evatlidefore the onset of the experiment
and respectively 6 and 12 months after. Increastsa quality and organic matter content
and physico-chemical properties of soil were obsgrv

The abundance and diversity of soil macro-invedtbr communities significantly
increased. Their activity, measured by a visualuwateon of soil morphology done with a
modified version of Topoliantz and Ponge (2000)htegue, was also improved. This
technique isolates and quantifies aggregates aogprid their origin and other soil
components; a significant co-variation between agijregation patterns and soil macro-
fauna communities was observed.

Mutivariate analyses (PCA and Co-Inercia) amongrofacna, soil morphology, organic
matter, physical and chemical data have allowetinteghe positive effect of the FBO
technology on tea quality and soil properties whasrehemical fertilizer inputs were
decreased or suppressed allowing a soft trangiiards organic production systems.
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MINERALOGICAL CHANGES IN THREE COMMON SOILS BY TWO
ENDOGEIC SPECIES OF EARTHWORMS AND POSSIBLE SOURCEOF 'Fe' IN
THEIR BLOOD

S.M.Singh
Vermiulture & Environmental Researctaboratory, Department of Animal Science,

M.J.P.Rohilkhand University, Bareilly-243 006 (Iadli
e-mail: satyendramsingh@rediffmail.com

Mineralogical studies were carried out for threestncommon soils of the region before
and after passing through the gut of two speciesapthworms, Metaphire posthuma and
Eutyphoeus waltoni. The goal was to investigate ¢hanges in the soil mineralogical
spectrum due to earthworms. Samples were exposedray diffractometer (PW-1730)
fitted with vertical goniometer and the diffractipeaks were recorded and interpreted. The
study revealed that the lllite mineral, presenalinthree soils, was reduced in amount as a
consequence of its passage through the gut ofthethvorms. Feldspar was also reduced
when the soils having pH 5.9 and 8.4 was ingesyebith the worms. However, its amount
was increased when soil having pH 7.8 was takn ypbdth the species of worms.
Muscovite mineral was decreased when the soil of 5p#¥ traversed through both the
worms and also when other two sils passed throglytit of E.waltoni but its content was
unchanged when the soil of pH 7.8 passed througipddthuma but increased when the
soil having pH 8.4 was ingested.

Mineral Quartz was passed as such without any @amgts amount in the sils by both
worms;while Hematite- an oxide of iron, wheneveegant in the parent soil, was found
missing in the castings of both the worms. The Itesof the study indicate earthworms
significant role in altering and translocating thaneralogical spectrum of the soils.
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QUANTIFYING EARTHWORM-INDUCED NITROUS OXIDE AND CAR BON
DIOXIDE EMISSIONS FROM A CORN AGROECOSYSTEM

Alicia B. Speratti and Joann K. Whalen

Department of Natural Resource Sciences, McGilvErsity, Quebec, Canada

Earthworms modify the soil environment by mixingganic residues into soil and create
aggregates and macropores through their castindoamdwing activities. Generally, this
stimulates microbial growth and thus increases oiposition rates and soil respiration.
Some of the structures created by earthworms (eagts, middens and burrows) may
possess anaerobic microsites that favour the groiwttenitrifying bacterial populations in
the short term. Yet, it is not known whether thergase in aerobic and anaerobic microbial
populations due to earthworm activities would ingl@G, and NO losses from soil. The
objectives of this study were to determine 1) whetbarthworm-microbial interactions
increase C@and NO emissions from an agricultural soil and 2) whet6€®, and NO
emissions were influenced by the number of earthweoland the earthworm species
present. The field site was located on the Macab@aEmpus Research Farm, Ste. Anne-
de-Bellevue, Quebec, Canada. Steel enclosured (8ame permanently installed to a depth
of 40 cm in the soil and corn was planted in eactimulate a corn agroecosystem. Natural
earthworm populations were reduced by repeatedicapipihs of a carbaryl insecticide
before earthworm treatments were added. The seeabrtents included: no earthworms
(control), Lumbricus terrestrisL. at two population levels (1x and 2x the ambient
population level at the siteAporrectodea caliginosgSavigny) at the two population
levels, and a mixed. terrestrisA. caliginosatreatment at the two population levels. Each
treatment was replicated 4 times for a total ofeB8losures. Once a week, for 14 weeks
between June and September 2005, gas samples oleterd from closed chambers
(polyvinyl chloride cylinder, 20 cm internal diareetoy 13 cm height) during a 2-h period.
Soil temperature, water-filled pore space, exttaetand microbial biomass carbon and
nitrogen pools were also measured on each samgéitey Seasonal variation in g@nd
N,O fluxes related to rainfall events and temperafiuetuations. Soil water-filled pore
space, microbial biomass N, dissolved organic C H@4-N were positively correlated
with the CQ flux from enclosures during the season, but onigrobial biomass N was
positively correlated with the O flux. The cumulative COflux was greater R<0.05,
Tukey-Kramer test) from the. terrestris1x treatment and thA. caliginosa2x treatment
than the control, but earthworm treatments did afféct the cumulative )0 flux. We
found thatA. caliginosapopulations in enclosures at the end of the seaswa positively
correlated with the cumulative GGlux (r=0.366, Spearman coefficient) but not witte
cumulative NO flux. ThelL. terrestrispopulations were not correlated with €@ N,O
fluxes, possibly because many died during the sumwigich was uncharacteristically hot
(many days with >3 temperatures). These results suggest that eartisye@specially
endogeic species, stimulated £@missions from our experimental corn agroecosystem
Earthworms did not influence ® emissions at the temporal and spatial scales lsdnip
this study.
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VARIABILITY OF EARTHWORM COMMUNITIES IN RELATION WI TH SOIL
BULK ELECTRICAL CONDUCTIVITY IN A LOAMY SOIL UNDER DISTINCT
CROPLAND MANAGEMENT

Valckx Jan, Wauters Johan, Cockx Liesbeth., Varriésine Marc., Hermy Martin. and
Muys Bart

Division Forest, Nature and Landscape, CelestipemP00 E, BE-3001 Leuven, Belgium

The spatial variability of the earthworm commurstiem a conventionally plowed and a
non-inversion tilled arable field located in theafo belt in central Belgium was assessed
and compared with soil bulk electrical conductivitp autumn 2003 earthworms were
sampled in 100 locations within a sampling aredal@b x 75 m2 in each field using a
combined sampling technique (mustard extractiotofedd by hand sorting). 48 samples
were taken on a regular grid (15 x 15 m) while tbmaining 52 sample locations were
randomly chosen in the sampling area. Soil bulktakal conductivity (EC) was assessed
in the same sampling area through magnetic induatieasured by an EM38DD device
(Geonics Ltd., Ontario) connected with a GPS witlteasity of 720 measures per hectare.
In each field soil samples were taken (0-30, 3660 61-90 cm) in five locations spanning
the range of interpolated EC values. Texture, pbistare content and organic carbon were
determined for each depth fraction.

Geostatistical analysis was used to detect spatraictures in the soil bulk EC and
earthworm data (numbers, biomass). Maps of theadmhstributions of soil properties and
earthworm populations were computed with the pkiigfing interpolation method.

In the plowed parcel 7 earthworm species were w@bserAllolobophora chlorotica
Aporrectodea caliginosap. longa Ap. roseaDendrodrilus rubidusLumbricus terrestris
andOctolasion cyaneumPensities reached 448 earthworms per m? and lssmwas 93 g
m2, Only 5 species were observed in the non-invarsited parcel:Ap. caliginosa Ap.
limicola, Ap. longa Ap. roseaandL. terrestrisand abundance was also lower than in the
plowed parcel: 201 thand 70 g r.Soil bulk EC was higher and more variable in the
plowed parcel. The plowed parcel also had slighther pH values and contained more
moisture at a depth of 60-90 cm but had a lowey ctantent than the non-inversion tilled
parcel.Earthworm populations occurred in distirpgaes clusters between 20 and 40 m in
diameter. Similarities between earthworm populaiand soil EC were high in the plowed
parcel but less pronounced in the non-inversidedtilparcel. In both parcels however,
anecic speciesAp. longaandL. terrestrig occurred in zones with low clay content at a
depth of 30-90 cm while the reverse was true fereéhdogeic speciesl( chlorotica Ap.
caliginosa Ap. rosea and Octolasion cyaneujrDespite the preference of both anecic
species for low clay content at greater soil defitay lived in separate clusters. Locations
with high L. terrestris biomass and low numbers appeared next to clustérs low
biomass and high nhumbers suggesting the occurm@niesenile and adult. terrestrisin
spatially separated patchelp. caliginosaand Ap. roseashowed similar spatial patterns
but Ap. caliginosaclearly was more abundam. rubidus an epigeic species, was present
in a zone neighboring a pasture from where it pbbbmigrated into the cropland.

This study demonstrated that earthworm populatisasspatially structured in patches with
varying diameters (20-40 m). These spatial pattseem to be driven both by species
interactions as well as soil conditions.
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EFFECTS OF ORGANIC MATTER CONTENT ON EARTHWORMS AND
NITROGEN MINERALIZATION IN GRASSLAND SOILS

P.C.J. van Vliet , B. van der Stelt and R.G.M. dede.

Wageningen University, Department of Soil QualRy) Box 8005, 6700 EC Wageningen,
The Netherlands

Earthworms play an important role in the nitroggole in the soil. Through their activities
they affect the mineralization of organic matteredily and indirectly. In the Noordelijke
Friese Wouden (NFW) in the Netherlands, due to desaf continuous differences in land
use and management, soil phenoforms differing iantity and quality of soil organic
matter are present.

In a field study we wanted to determine consequeédalifferent organic matter contents
for earthworm population dynamics and nitrogen iogel We expected a higher
mineralisation rate and a larger number of earthwgoat grasslands with a higher organic
matter content.

To test this hypothesis we selected nine dairy $alonated on sandy soils in the northern
part of the Netherlands. At each farm two grasdanchich differed in organic matter
content, were selected. At 4 farms the slurry manused to fertilized the grasslands, was
enriched by the additive EuromestfigMx).

Earthworm and soil samples were taken in April,eJand September 2004. Triplicate pits
of 20x20x20 cm (WxLxH) were sampled for earthworim&ach grassland. Soil from each
pit was collected on a plastic bag and examinedefothworms, and 500 mL of 0.2 %
formaldehyde was poured into each pit to recovethearms occurring below 20 cm. All
earthworms found, were taken back to the laborateejghed (fresh weight) and identified
to species (adults and juveniles). Numbers wereessed on a frbasis. The species were
allocated into the categories anecic, epigeic atogaic. Cocoons were washed from
separate soil samples taken to a depth of 15 camt Rield and root biomass were also
determined. Soil samples for the determination imfemal nitrogen, potential mineralization
and actual nitrogen mineralization were taken ¢éiepth of 10 cm.

Results were analyzed within each farm using paires$ts (high organic matter content
versus low organic matter). For an analysis fodatl combined we used an ANOVA with
manure quality (Mx and controle) as a categoriealable and organic matter content as a
continous variable.

At each farm the grassland with the highest orgamidter content had the highest root
biomass. These grasslands also contained the taig@sdances of earthworms and had the
highest numbers of cocoons. Due to differences aih moisture during the season,
abundances of earthworms and fractions of epigendogeic and anecic earthworms
changed during the growing season. With an incré@asarganic matter in the soil, the
potential nitrogen mineralization increased.

In this presentation the organic matter contenthef soil, manure quality, abundances of
earthworms, the species distribution of earthworamgl the fractions of epigeic, endogeic
and anecic earthworms will be related to the paderind actual mineralization in the
different grasslands.
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IN SITU COMPOSITIONAL ‘FINGERPRINTS’ OF EARTHWORM
CHLORAGOCYTES: INTER-POPULATION DIFFERENCES IN FIEL D WORMS
WITH MULTI-GENERATIONAL METAL EXPOSURE HISTORIES.

A. John Morgah John Charnocdk Andrew Benneft Fariba Bahramj Jane Andre®,
Dylan Gwynn Jonés Jake Bund$; Mark Hodson, Stephen Stiirzenbadneter Killé

'Cardiff School of Biosciences, Cardiff Universiardiff CF10 3TL, UK;

“CCLRC Daresbury Laboratory, Warrington, Cheshire AMBAD, UK;

3Dylan Gwynn Jones, Cledwyn Building, Institute abBgical Sciences, The University
of Wales, Aberystwyth SY23 3DD, UK;

“Biological Chemistry Section,

Division of Biomedical Sciences, Faculty of Lifei&uaces, Imperial College London,
London SW72AZ;

®Department of Soil Science, School of Human andrBnmental Sciences, University of
Reading, Whiteknights, Reading RG6

6DW, UK; ®Pharmaceutical Science Research Division, Drugdviscy Group, Kings
College London, London WC2R 2LS, UK.

Determining the distribution, speciation, and dalleffects of metals on earthworms in the
field is essential for gaining insights into theodeactive fraction of accumulated body
burdens and toxicosis. RecentKsray absorption spectroscopy (XAH), and subcellular
fractionation [2] were used to determine tbeordination chemistrieand partitioning,
respectively, of metals in whole-earthworm preparet._Moreover, an NMR-platform
assay has been used to evaluate metabolite priofiladigenous and microcosm-restrained
introduced earthworms under potentially stressieidfconditions [3]. Assessing situ
metal speciation and multivariate biochemical dfest spatial resolutions approximating
the dimensions of single cells represent formidalgiehnical challenges This paper |
describes the novel applications of two high-engrgynchrotron-based, physical
techniques (micro-EXAFS [4] and Fourier Transfornfrdred Microspectroscopy, FTIR
[5]) to detect, map, and characterise the metalir@mment and global biochemical
consequences of metal exposures in the chloragogdissues of earthwormksumbricus
rubellug native to one uncontaminated reference site anthriee sites whose mine-
associated soils are contaminated to differentetegwith Pb and Zn. Both microfocus
techniques were applied to thick (nominally 50 pmpfixed and unstained, cryostat
sections of earthworms that had been quench frozéme field to minimize the effects of
non-environmental stressors. We conclude thatth@ speciation of Pb and Zn in gut
contents and in chloragocytes are different; faaneple, Pb is probably surrounded by a
shell of S scatterers in the gut lumen but is surded by shells of O and S in the cell; (ii)
the FTIR spectra displayed qualitative tissue-dmecharacterisitics; (iii) FTIR revealed
site-specific, inter-population, phenotypic diffaces (particularly in the wavenumber
range 1800-800 ch) in the biochemical profile of chloragocytes. Thisthe first time to
our knowledge that earthworms have been subjeotéldese forms of analyses, where the
compositional and structural fidelities of an afiat metal-sequestering tissue have been
preserved in approximatelyn vivo states. The implications in terms of metal toxico-
availability and cyto-toxicity will be discussed.
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CLONING AND REAL-TIME PCR TESTING OF 14 POTENTIAL B IOMARKERS
IN EISENIA FETIDA FOLLOWING CADMIUM EXPOSURE

F. Brulle, G. Mitta, C. Cocquerelle, D. Vieau, Srhiére, A. Leprétre, F. Vandenbulcke

Laboratoire d’Ecologie Numérique et d’EcotoxicolegEA 3570. Université de Lille 1.
France

Metal pollution causes disturbances at variousléewé biological organization in most
species. Important physiological functions couldaffected in the exposed individuals and
among the main physiological functions, immunityynpaovide one (or more) effector(s)
whose expression can be directly affected by a Ime&teposure in various
macroinvertebrates. As many proteinic effectorswat a high degree of homology
between species, determination of primers allovitmg cloning by RT-PCR of selected
effectors in the laboratory moddtisenia fetidawas done. After cloning, the level of
expression of each gene was analysed following ®xes (80 and 800 mg.Ky to
cadmium using real time PCR. The implemented ambr@aade it possible to test quickly
potential biomarkers irEisenia fetida Selected effectors were calmodulin, heat shock
proteins, superoxide dismutase, catalase, metaltoghn, 3-adrenergic receptor kinase,
pyruvate carboxylase, trancriptionally controlleg@mbr protein, protein kinase C and
ubiquitin.
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HAS METAL CONTAMINATION AFFECTED CLONAL DIVERSITY O F THE
EARTHWORM DENDROBAENA OCTAEDRA?

Haimi, J., Yliniemi, I. & Knott, E.

Department of Biological and Environmental Scierie€).Box 35, FI-40014 University of
Jyvaskyla

Metal concentrations and genetic (i.e. clonal) diitg of the parthenogenetic epigeic
earthworm specieBendrobaena octaedravere studied in three metal contaminated areas
in Finland. Main harmful contaminants were Cu amdalthough several other metals were
also increased close to the contamination sourch&hwwere the Cu-Ni smelter
(Harjavalta), the steel mill (Imatra) and the Zmguction plant (Kokkola). In Harjavalta,
two contaminated sites (1 and 2 km from the smeliad an uncontaminated site (8 km)
were sampled. In Imatra and Kokkola, one contarethét and 2 km, respectively) and one
uncontaminated site (4 km in both areas) were sesingMore than 40 specimens bf
octaedrawere sampled from each site. Total (rigorous stitend-assisted aqua regia
extraction) and estimated bioavailable (acetic amitraction) soil metal concentrations
were analytically determined for the soil sampleahf each site. Metal concentrations of
each earthworm specimen were analysed (aqua regecton). All metal measurements
were performed with ICP-OES. Genetic variatioinoctaedrapopulations was evaluated
by analysing variation in allozymes using celluloseetate electrophoresis. Basing on
preliminary surveys, eleven different enzymes vassayed in the study.

Metal concentrations (both the total and estimaiedvailable values) were elevated in
the soils in the vicinity of the contamination soes. Further, concentrations of Zn and Cu
in D. octaedrawere significantly higher at the sites close te tontamination sources
compared to the uncontaminated sites indicatingriglencreased exposure of earthworms
to metals. Zn became accumulated in the earthwarare than Cu.

In Harjavalta, clonal diversity was lowest at th&r site, and was similar at the 1 and 8
km sites. The proportion of unique genotypes waski at the 2 km site, and unexpectedly
highest at the 1 km site. Concomitantly clonal dmanice was highest at the 2 km site. In
Imatra, genetic variation was similar at the sangiles and no clear reduction of clonal
diversity was observed at the 1 km sample site @vetpto the 4 km site. In Kokkola,
clonal diversity value and proportion of unique gemes were higher at the 4 km site
although the difference to the 2 km site was small.

Our results showed that high metal exposure leaets needed to significantly affect
genetic (clonal) diversity and variation in partbganeticD. octaedra It was shown in a
separate experiment that octaedraavoid Cu and Zn contaminated soil more sensitively
compared to few other earthworm (both epigeic ardbgeic) species (Lukkari and Haimi,
2005). As the contamination is very heterogenenube field we suggest thBt octaedra
can reduce its exposure by avoiding the most cantted soil patches and food resources.
However, other factors seem also to counteract tdreffects of metals because body
burdens of the earthworms living close to the cortation sources were clearly elevated.
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ECOTOXICOLOGICAL RESPONSES OF EARTHWORMS TO ULTRAMA FIC
SOILS

RA Maleri*, AJ Reineck& SA Reineckk J Mesjasz-PrzybylowiéAV PrzybylowicZ

'Department of Botany & Zoology, University of Stxibosch, South Africa;
’Materials Research Group, iThemba LABS, PO Box Bitnerset West 7129, South
Africa

Besides a number of other unfavourable living ctod$ such as drought and poor organic
content, ultramafic soils are characterised byesmély high concentrations of a range of
heavy metals of natural origin known to be toximtganisms living in and on these soils.
The aims of the study were to investigate the abdity and effects of these heavy metals
on earthworms and the ability of earthworms to serwinder these conditions. Soils from
the Barberton area, Mpumalanga, South Africa weskected and different fractions
representing different levels of (bio-)availabilityere analyzed for arsenic, chromium,
cobalt, copper, manganese and nickel. Two ecoplogstally different speciesisenia
fetida and Aporrectodea caliginosa were long term exposed to these ultramafic soits a
to a pristine control soil and responses to stiese measured on different levels of
earthworm organization. The endpoints on the slideellevel were DNA integrity as
measured by the Comet Assay, cell membrane infegstmeasured by the neutral red
retention assay, and cellular proliferation as mess by the MTT colouring assay. As
endpoints of sublethal effects, cocoon productifetundity and viability, affecting
population development and growth were investigaBedthe individual level, heavy metal
body burden and tissue distribution were evaluatedrelation to non ultramafic or
anthropogenically contaminated soils, the propartid heavy metals in the DTPA and
CaCl-extractable soil fraction, representing mobile andbilisable amounts of heavy
metals was far lower. Significant responses wewadan all earthworm bioassays, but the
sensitivity of the different bioassays was not pedle by the level of organization. No
resistance of earthworms towards the metals waereodbd, but both earthworm species
showed different strategies for metal sequestrafitne toxicity of ultramafic soils is not
necessarily related to the total or bioavailabl@ants of the selected heavy metals. It can
be speculated that ultramafic soils either contaiidentified toxicants or that interactions
between toxicants play a role or that earthwormesatle to remobilize a certain amount of
heavy metals. It was shown that earthworms areub®ils for the assessment of the toxic
stresses emerging from these ultramafic soils thmitthe application of a single endpoint
does not give reliable results when studying eéfeof soils with such complex
composition.
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EFFECT OF TIME AND MODE OF DEPURATION ON TISSUE COP PER
CONCENTRATIONS OF THE EARTHWORMSEISENIA ANDREILUMBRICUS

RUBELLUSAND LUMBRICUS TERRESTRIS

Arnold, R.E. and Hodson, M.E.

Department of Soil Science, School of Human andianmental Sciences, University of
Reading, Reading, RG6 6DW, UK.

Eisenia andreil.umbricus rubellusndLumbricus terrestrisvere exposed to 250, 250 and
350 mg k' Cu in Cu(NQ),aqyamended soil for 28 days. Earthworms were themi@dgd
for 24 to 72 hours, digested and analysed for GLTanor, subsequent to depuration were
dissected to remove any remaining soil particlesnfthe alimentary canal then digested
and analysed. This latter treatment proved impésd$dr E. andreidue to its small size.
Regardless of depuration time, soil particles wetained in the alimentary canal bf
rubellus and L. terrestris Tissue concentration determinations indicate thatandrei
should be depurated for 24 lh, rubellusfor 48 h and_. terrestrisshould be dissected. Ti
was bioaccumulated and therefore could not be asexh inert tracer to determine mass of
retained soil. Calculations indicate that afterd2§s earthworms were still absorbing Cu
from soil.
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EFFECTS OF CHROMIUM (lll) AND CHROMIUM (VI) ON THE GROWTH AND
REPRODUCTION OF THE EARTHWORM EISENIA FETIDA.

Sivakumar. $ @ D. Prabha and C. V. Subbhuraam

# Institute for Ocean Management, Anna Universitye@ai-600025, Tamilnadu. INDIA.
ssivaphd@yahoo.com

* Dept. of Environmental Sciences, Bharathiar Ursity, Coimbatore —600048,
Tamilnadu. INDIA.

The effects of Cr(lll) and Cr(VI) on the growth, taeation, number of cocoons produced,
hatching success of the cocoons and number of Igshproduced per worm in 10
different soils and organic substrate (cow dungyehbeen assessed and thesg&Eénd
NOEC values were determined in soils. The statibtamalysis using two way ANOVA
showed that there were significant differenceshadgrowth and maturation rate of worms.
The results of factorial design experiment showsat hot only in a soil but also among
soils there were significant differences in thevgiorate but not in the maturation rate of
worms. The difference between Gnd NOEC values of Cr(lll) and Cr(VI) on the
growth of the earthworm was more than five timdse NOEC values for the effect of both
species of Cr in soils on reproduction were witkraptions half or less than that recorded
on growth. The NOEC values for the effect of Crsiils on the number of hatchlings
produced were equal or less than those valuesdeddor cocoon production. The NOEC
values of Cr(lll) and Cr(VI) on growth and reprotioa show that growth is less sensitive
than reproduction. The body concentration of Cworms generally showed an increasing
trend. Among soils the body concentration of CiiearThough the difference between the
concentration ranges of Cr(lll) and Cr(VI) to whittte earthworm exposed was five times,
when the mean body concentration of earthworm soiawas compared, the difference
was around 1 mg/kg only. The stepwise multiple €sgion analysis predicted strong
dependence of bioavailable concentration of Cr ofilit and Cr(VI) added and is only
slightly modulated by the soil characteristics sasipH, EC, CEC, OC and clay.
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TOXICITY INFLUENCE OF OLAQUINDOX ON EARTHWORM

Gao Yuhong; Sun Zhenjun

College of Resources and Environmental ScienceisaCkgricultural University, Beijing,
100094, China; College of Animal and College of al science and technology,
Agriculture University of Hebei, Hebei 071001, Chin

Recently, veterinary medicine and bioactive metédmlare released continually to soil
environment by excretion and promote adverse effectnon-target organisms utilizing the
excrement. Olaquindox is the growth promoter antbanterium medicine of animal and
utilize widely in livestock production. Olaquinddx assimilated rapidly and excreted after
administration, about 85% of olaquindox with uramed 15% of parent medicine with feces
are directly or indirectly discharged in the sail inost cases, raising the concern over
possible adverse effects on soil dwelling organisims the present study, standard
earthworm acute toxicity concluding filter papesttand solution test were used to assess
the toxicity of olaquindox, and earthworm growtheravas tested weekly with sublethal
exposure, catalase (CAT) activity of whole earthwoand its various segments were
measured to determine further the toxicity of oladox. In the growth rate and CAT
activity measure test, the olaquindox concentratimnsubstrate were control (0 mg. kg
dry weight) and four exposures (500, 1000, 3000 5@@0 mg. kg dry weight). The
results showed: the 48-h median lethal concentrati€©50) was 1.02 mg.cfon filter
paper and above 4000 md.lin solution, and morphological changes of earthworm,
especially the anterior segment, showed a progmessif damage with increasing
olaquindox concentrations, which was conformed wille result in solution test. In
addition, earthworms growth rate revealed no sicaiftt effect (p>0.05) with 7d or 14d
expose of lower concentrations (500 mg.k@000 mg. kd), while reduced significantly
(p<0.01) with 7d or 14d exposure to higher conaeitns 13000 mg. kg and 5000 mg.
kg'Cicompared to the control. CAT activity in whole é&avorm and the anterior and mid-
part was inhibited significantly at two higher centrations after 14d exposure. However,
only the anterior exhibited the significant (p<0.08duce of CAT activity at two lower
concentrations compared to the control, which ssiggeCAT activity of the anterior was
more sensitive to Olaquindox than other segments.
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VALIDATION OF CHOLINESTERASE INHIBITION AS A BIOMAR KER OF
EXPOSURE FOR EARTHWORMS IN APPLE ORCHARDS

Rault M., Mazzia C., Denoyelle R., Mascle O., Cajsaw

UMR406 INRA/UAPYV Site agroparc — 84914 Avignon Crde - FRANCE

Earthworm communities were estimated using mustadd apple orchards at the regional
scale in Provence: 5 orchards were in conventifesahing, 5 in IPM (Integrated Pest
Management), 5 in organic farming and 3 abandosed€ at least 7 years) orchards as
control. Conventional and IPM orchards use manyawooghosphate and carbamate
pesticidesAllolobophora chloroticaand Lumbricus terrestrisvere very common in these
orchards and were chosen for cholinesterase (Chdfcterisationl. terrestrisexhibits a
two to three-fold higher specific ChE activity than chlorotica Based on substrate and
inhibitors specificities it is likely that inL. terrestris ChE activity is a true
acetylcholinesterase (AchE). Characterization oblicksterase fromA. chlorotica is
uncertain and cannot be classified as true AchBnainportant part of the cholinesterase
activity seems to be related to butyrylcholinesteraTo follow ChE activity in natural
conditions, ten earthworms of each species weteatetl in each earthworm in April far
terrestrisand in April, May, August and November &t chlorotica ChE inhibition was
observed inA. chloroticaat each date in most of the orchards under IPMoorentional
protection strategy and never in organic or abaedoorchards. Surprisingly, inhibition
was still observed in November, i.e. 2 months affter last pesticide application. Fbr
terrestris ChE inhibition was only observed in 2 orchardsl@amconventional protection
strategy. The difference between the two earthwspacies could be due to (i) their
different forms of ChE or (ii) to difference in eogure related to difference of behaviour.
To gain insight into the duration of ChE inhibitioa laboratory experiment was set up
using parathion as a model organophosphate pestidit observed that ChE inhibition
could last more than two months under laboratomydi@mns forA. chlorotica This is in
agreement with our field observations.
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EFFECTS OF DIFFERENT FUNGICIDE APPLICATION RATES O VER FOUR
YEARS UPON EARTHWORM CAST PRODUCTION IN CACAO
SYSTEMS IN SOUTHERN CAMEROON

Lindsey Norgrove

University of Hohenheim project, IITA Cameroon, t@mbourn, 26 Dingwall Rd.,
Croydon, CR9 3EE, UK

Copper-oxide based fungicides to control cacaokplad disease are the main external
input used in cacao systems in Cameroon and elsewlbe cacao tree trunks, pods and
leaves are sprayed manually during the rainy seassimg a knapsack sprayer. However,
losses of fungicide to the soil surface are indktafrom dripping during the spraying, and
during subsequent rainfall. Earthworms are knowbdasensitive to copper. For example,
studies in vineyards in Europe have shown that-tengy use of copper fungicides has
increased soil copper concentrations and where ertrations exceed 80 mg Kg
earthworms are eradicated. However, there are fevyin-situ studies on toxicology from
the tropics.

An experiment was established in smallholder fasn86 y old cacao farms in southern
Cameroon to assess the effects of different fudgieipplication rates (none, reduced, and
manufacturers recommended rate) upon earthwornpeadtiction over four years and this
was also compared with cast production in a fofadiow of the same age. The
experimental design was a replicated randomisedptien block design with imposed
spray treatments and three replications.

While initially there were no significant differees in cast production between cacao spray
treatments, by the third year, there were signifiatifferences in cast production between
treatments with highest production in the zero gpraatment (21.1 Mg F3 compared
with 14.4 Mg h& in the reduced spray treatment and 10.2 M{ inathe recommended
rate. This trend continued in the fourth year vliéh2 in the zero spray, 12.1 in the reduced
and 4.5 Mg Mg hain the recommended spray regime.

Casts and soil were analysed for texture and clerpamrameters. Casts derived from the
high fungicide application plots had a higher patage clay than those derived from the
low fungicide application and zero-spray treatmefisis suggests that the earthworms
may be feeding more in the deeper soil layers whegeclay content was higher to avoid
the soil with higher Cu concentrations near thdamgr. However that low term spraying at
high application rates does, in the long run hamegative impact upon earthworm activity.
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THE USE OF EARTHWORMS AS A TEST ORGANISM IN ECOTOXI COLOGY:
A CRITICAL REVIEW

Christopher N. Lowe and Kevin R. Butt

School of Natural Resources, University of Centatcashire, Preston, PR1 2HE, UK

Earthworms have played a major role in acute (Iptleicity testing for over 20 years.
Recently there has been a shift from lethal to letimal testing, with more sensitive and
ecologically relevant tests designed to monitoe lfycle traits (e.g. growth rate and
fecundity). Due mainly to its short life cycle aadse of culturekisenia fetidais the most
widely used test species, but use of this epigaithavorm, especially in chronic tests, has
been widely questionedE. fetida is more tolerant than most earthworms to soil
contaminants, does not inhabit mineral soil anghisommon in most natural environments.
Continued reliance on this species is often atteithuto time constraints and perceived
difficulties in culture and maintenance of more iapiate soil dwelling earthworms.

A critical review of earthworm use in non-lethalo&uxicological studies is presented. In
laboratory studies, species selection has often based on commercial availability and
where non-commercial species were used there wasaay reliance on field-collected
earthworms. The validity of results employing eaxdhms of unknown origin or previous
exposures must be questioned. Many non-lethal efudiave relied heavily on
methodologies adopted from acute testing wherehwarin maintenance was not a
priority. In reporting experimental design, abiotmd biotic conditions were largely
overlooked. A number of studies have been pubdiskithout reference to critical factors
such as earthworm density, feed, temperature ofF wwisture levels. Earthworm
senescence has been identified as a source ofespecially in reproduction tests where
adult number is directly related to cocoon productiThis has been partially addressed by
culturing individuals separately (for growth stus)i®r in pairs for reproduction studies. It
is recommended that a further improvement couldrbele by the use of parthenogentic
species (e.gOctolasion cyaneu)nallowing reproductive output to be assessed on an
individual basis. The use of such species would @lsrmit tests to be undertaken on
genetically identical cohorts

It is widely recognised that there are problemshweixtrapolation from laboratory to field
scale. However, field tests remain uncommon dwffizulties of experimental design and
interpretation of results. Using laboratory-reaeagtthworm cohorts and new mark-release-
recapture techniques may allow for development staadard comparative procedure that
can be employed across different sites. It is estggl that the wider use of established
earthworm culture techniques allied with referertce ecological requirements and
behaviour of test species will increase the coesist and validity of sub-lethal toxicity
tests.

The 8" International Symposium on Earthworm Ecology
4" _ d" September Krakéw, Poland



Poster 20E

RECOVERY OF CHOLINESTERASE ACTIVITY IN THE EARTHWOR M
EISENIA FETIDA SAVIGNY FOLLOWING A SHORT-TIME EXPOSURE TO
CHLORPYRIFOS

Aamodt, Solveig; Sverdrup, Line E ; Sjursen, He@liidbrandsen, Marius;
Stenersen, Jgrgen

Program for Toxicology and Ecophysiology, DeptBaflogy, University of Oslo, P. O.
1066 Blindern, 0316 Oslo, Norway

Organophosphorus (OP) insecticides cause irreVersihibition of cholinesterase (ChE)
activity. ChE are essential enzymes in the nerveystem of almost all animals.
Reestablishment of active enzymes is slow and akpen elimination of the insecticide
from the body, followed by two lengthy processesctivation and/or biosynthesis of new
enzyme molecules. The results presented here dématenthat recovery of the activity of
one of the cholinesterases (E2) in the earthwiisenia fetida(Savigny) is virtually absent
after acute exposure to the OP insecticide chlgupgs, while another cholinesterase (E1)
slowly re-establishes its activity. Chemical analyshowed that the elimination of
chlorpyrifos from the body of earthworms was quitepid and the oxygen analogue
(chlorpyriphos-oxon) was not detected in any ofsamples.

The activity of the two cholinesterases was distrated by selective inhibition with
carbaryl (5 pM in one minute), which inhibits Elngoletely, without influencing the
activity of E2. Earthworms were exposed to chloifogr (240 mg k) in soil for 48 hours
and were subsequently transferred to clean sdihiiee independent replicates. Controls
were kept under similar conditions, and were nbjfett to chlorpyrifos treatment. After 7-
14 days of recovery, the appearance and behaviothef exposed worms were
indistinguishable from that of the control wormsheTchlorpyrifos content of the worms
was determined by gas-liquid chromatography. lapleared almost completely in a first-
order elimination rate during seven days with &-lii@ of approximately 24 hours. The
activities of E1 and E2 were measured spectrophetiazally in homogenates from whole
specimens at regular intervals for 12 weeks by gusigetylthiocholine as substrate.
Immediately after exposure, the E1 and E2 activigre 0.479 + 0.074 nkat/mg protein
(mean £ SEM, n=3) and 0.45 = 0.06 nkat/mg respelstivcompared to control values of
1.57 £ 0.178 nkat/mg and 0.951 + 0.07 nkat/mg, eespely. After three weeks E1 had
regained activity comparable with the activity imntrols, whereas E2 stayed low
throughout the 12 week monitoring period. It wasréiore concluded that there is no
reactivation orde novobiosynthesis of E2 whereas E1 is slowly reactidatEhe non-
recovery of E2 suggests that historically exposadhaorms have low levels of E2 even
when OP insecticides can no longer be traced iin bively. Provided a reproducible base-
line for E2 control activity in is established, tB@ level could be considered as a tool to
detect previous episodes of exposure to OP pesticdwarfare agents in earthworms.
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INTEGRATING SYNCHROTRON INFRARED MICROSCOPY (SIM)
METABOLOMICS WITH METAL SPECIATION IN EARTHWORMS

J. André'? M.E. Hodsoh S. R. Sturzenbauni and A. J. Morgah

1. Department of Soil Science, School of Human&ndronmental Sciences, University
of Reading, Whiteknights, Reading, Berkshire, RG&§ UK

2. School of Biosciences, Cardiff University, PBax 915, Cardiff, CF10 3TL, Wales,
UK.

3. School of Biomedical & Health Sciences, Kingtdl€ge London, 150 Stamford
Street, London SE1 7NH, UK. E-mail: j.andre@readingik

Metal bioavailability has traditionally been estieg indirectly through chemical
extractions of soil. However, a true assessmentistif requires an accurate measure of
organism exposure and an alternative means of ssipe toxicity is provided through
organism-based estimates of metal absorption atmcellular accumulation. Tissue
fractionation methods can be used to demonstratsithcellular partitioning of metals into
operationally defined active and detoxified frandoand provide information regarding
metal bioavailability and toxicity (Vijveret al 2004). The use of organisms in risk
assessment bioassays does however raise the quedtiavhether they can evolve
genetically based resistance through processestafah selection as this would lead to
confounding estimations of the contaminant in goesand render the species unsuitable
for monitoring. In this study the subcellular p@whing of Pb, Zn and P was investigated
in Lumbricus rubellugAnnelida: Oligochaeta) resident in metallifercsmls associated
with two disused Pb and Zn mine-sites. The expearindesign involved: (a) maintaining
mine-site earthworms (fully clitellate adults) onmetr native soils and, (b) maintaining
earthworms collected from an uncontaminated refsresite on both metalliferous soils in
the laboratory for two weeks. Earthworms from baththe ‘treatment groups’ were
sampled at 0, 1, 3, 14, 28 and 70 day intervalsfiaationated into a C (cytosol), D (metal-
rich granules) and E (tissue fragments) fractioralf¢eet al, 1998). The morphological
distinctions of the sub-cellular fractions were fioned by transmission electron
microscopy (TEM). Furthermore, the effects of sexjeileed metals on the biochemical
‘fingerprint’ of the major site of metal accumulati, the chloragocytes, was assessed by
synchrotron—based Fourier Transform Infrared mjpeafroscopy (FTIR).
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THE EFFECT OF EDTA AND THE DPASV LABILE COPPER
CONCENTRATION ON THE TOXICITY OF COPPER TO EISENIA ANDREI
BOUCHE

Arnold, R.E.} Hodson, M.E?, Comber, S.
!Department of Soil Science, School of Human andfBnmental Sciences, University of
Reading, Whiteknights,
Reading, Berkshire, RG6 6DWWRc-NSF, Medmenham, Marlow, SL7 2HD. Current
address: Atkins Limited, Chilbrook Oasis BusineaskPEynsham, Oxford, OX29 4AH

The most significant route of uptake of metals astlewvorms is that of passive adsorption
of the metal dissolved in the soil interstitial eathrough the dermal membrane, or via an
uptake route that is related to the soil pore watetal concentration. The concentration of
the free cupric ions (the most available form gfer) and the easily dissociable and
exchangeable inorganic complexes of copper préséné soil solution, are considered to
govern uptake. However, causal relationships betweetal speciation and terrestrial
biological toxicity / bioaccumulation are limitediel to inherent difficulties in measuring
chemical speciation in the aqueous and solid phafssasils.

This series of experiments aimed to determine éhationship between the speciation of
copper in solution and the mortality and tissuepssproncentrations &. andrei A novel
technique was used which exposed the earthwormectmmstituted ground water solutions
treated with both copper nitrate and the chelatiggnt ethylenediaminetetraacetic acid
(EDTA). Differential Pulse Anodic Stripping Voltametry (DPASV) was used to
determine the labile copper concentration.In thst fexperiment matur&. andreiwere
exposed for 14 d to reconstituted ground watertdcbavith concentrations of Cu(NR
such that the total dissolved copper concentraticer® 0.006 — 0.125 mg Cu.IThe 14 d
LC50 was 0.046 mg Cu'(95 % ClI were 0.032 — 0.066 mg Ct).I There was a significant
positive correlation between earthworm mortalityd ahe bulk copper concentration in
solution (Pearson Product Moment Correlation Coigffit (PPMC), R = 0.95, P < 0.001),
and a significant positive correlation between leaorm tissue copper concentrations and
the copper concentration in solution (PPMC, R 80P < 0.001).In a second experiment
three concentrations of EDTA (0.15 mby D.35 mg *, 50 mg 1) were added to solutions
of reconstituted ground water containing 0.099 mig £ 0.049 mg Cut and 0.125 mg Cu
I, andE. andreiwere exposed to the solutions for 14 d.The moskeuhdifference in both
the mortality and tissue copper concentration a@egiras a result of the addition of EDTA
solution was evident in solutions containing 0.12% Cu I*. There was 100 % mortality of
E. andreiexposed to solutions treated with 0.125 mg €aridd 0 mg EDTA 1, a figure
which was reduced to 60 %, 50 % and 25 % in satsticontaining 0.15, 0.35 and 50 mg
EDTA I* respectively. There was a corresponding decreaskei DPASV labile copper
concentration from 1.06 — 0.0Qy I following the addition of 0.15 mg EDTAland 50
mg EDTA I' respectively. The decrease in mortality and easthw tissue copper
concentrations following the addition of the EDTA iherefore attributed to the
complexation of the free copper ions with EDTA nmlles, and the non bioavailable
nature of the resultant Cu-EDTA complex.

It is anticipated that quantifying the effect ofpp@r speciation in solution would greatly
aid the understanding of the importance of chengoatposition and speciation of metals,
the interpretation of comparable experiments usioigs, and the development of a biotic
ligand model predicting the toxicity of metals t@argaworms.
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IMPACT OF EARTHWORM DENSITY ON METAL MOBILITY AND
AVAILABILITY

Heather S. Ashton and Mark E. Hodson

Department of Soil Science, School of Human andfnmental Science, University of
Reading, RG6 6DW, UK

It has been suggested that earthworms may be ofnusahancing phytoremediation or
alternatively that earthworms may enhance metalilibpolat contaminated sites thereby
increasing risk of exposure for receptors. In #tisdy earthworms were cultivated for 28
days in two different metal contaminated soils iffedng earthworm number to soil mass
ratios. Swaledale soil contained 16 ppm Cd, 28 fam5164 ppm Pb, 3433 ppm Zn, 6 %
organic matter, had a pH of 6 and a sandy texiisley soil contained 5 ppm Cd, 110
ppm Cu, 910 ppm Pb, 260 ppm Zn,10 % organic mattet,a pH of 5.4 and was a loamy
sand. Earthworm number to soil mass ratios rangewh f1 :200 to 1 :5. After 28 days
earthworms were depurated on filter paper and nimidly burden was determined. Soil
solution was extracted from soils using rhizon smlution samplers and analysed for
metals and dissolved organic carbon. Cold and ladémextractable carbon were measured
on the soils. Soils were extracted with30, to estimate microbial numbers. The European
3-stage sequential extraction was applied to tiis. so

Earthworm metal body burden and BCR Step 1 extodetmetal decreased with increasing
earthworm density. Metal and organic carbon sdilitsmn concentrations and cold and hot
water extractable soil C increased with increaséggthworm density. There were no
signficant changes in microbial activity with eartirm density.

The data are consistent with earthworm-derived mcgeompounds complexing metals and
bringing them into solution off soil particle soigt sites. Thus metal concentration in soil
solution and therefore metal mobility increaseshwéarthworm density. However, the
metals present as organo-metal complexes are adable for uptake by the earthworms
so that metal body burden is unaffected or decseage metal bioavailability decreases.
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EFFECTS OF THE ALTHEMINTIC ABAMECTIN ON THE THREE SOIL
INVERTEBRATE SPECIES

Xiaoping Diao' % Anne Duus Hanseh John Jenseh’, Zhenjun Sur
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Department of Biology, Aarhus University, 8000 AashDenmark? National
Environmental Research Institute, 8600 Silkeborgniark

Abamectin, an antiparasitic agent with high effiwig to prevent parasites, is widely used
in livestock production. It can be excreted in faeces of treated animal and enter the
environment by amending the soils with manure. Bissub-lethal effects of the drug on
soil fauna are very important to environmental radsessment of veterinary medicines.
Very little information on effects of Abamectin @oil fauna was known. The effects of
Abamectin on the survival, growth and reproductainthree species soil invertebrate
F.femintaris, Enchythraeis and earthworm, have lstedied in the laboratory to evaluate
the sublethal toxicity of Abamectin on differentilsavertebrate animals and predict the
possible environmental risk of veterinary medicin€ke results showed that Abamectin
was toxic to adult survival of springtails at thencentration above 0.5 mg/kg. Estimated
EC,o and EG, values was found in the range of 0.48 mg/kg a®dmg/kg respectively.
Reproduction was a more sensitive parameter thewival The number of juveniles was
reduced significantly at the soil concentration vah®.25 mg/kg. They showed a good
correlation between survival and reproduction ofirgpail. The adult survival of
Enchytraeids was a less sensitive endpoint to Abim&here was no toxicity to survival
of Enchytreides ,whereas the number of juveniles realuced at the concentration above
25 mg/kg. Abamectin showed significant toxicity dhe growth of earthworm at
concentrations above 2.5 mg/kg. The mean biomagheingroup exposed to above 2.5
mg/kg Abamectin was reduced. The mean number ofoam produced at the
concentration 1 mg/kg was reduced by 48 % and tiva® no cocoons produced at the
highest concentration of 5 mg/kg. There was sigaift difference of the number of
hatchling between the control (19.5+5.2) and thposure at the concentration over 1
mg/kg (5.75+£3.5). Among the three test animalsingjpail was the most sensitive species
to the exposure of Abamectin. Reproduction wasntiest sensitive endpoint to all tested
animals following the exposure of Abamectin. Iltcencluded that there was direct toxic
effects of Abamectin to non-target soil invertebrauch as springtail, enchytraeids and
earthworms. Further field study on sublethal tayiaf Abmectin should be conducted.
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EARTHWORM EXPOSURE TO THE FUNGICIDE CARBENDAZIM -
INVESTIGATING THE EFFECT OF SOIL PROPERTIES ON CARB ENDAZIM
BIOAVAILABILITY AND TOXICITY TO  EISENIA FETIDA

Sian Ellis, Mark E. Hodsoh Philip Wegé

'Department of Soil Science, University of ReadiRgading, Berkshire, UK. RG6 6DW;
“Syngenta Jealott's Hill International Research @eBtacknell, Berkshire, RG42 6EY.

Current ecotoxicological guidelines for the deteration of the effects of chemicals on
earthworms under field conditions recommend theaise reference substance in order to
validate that the field study is capable of deterin effect on earthworm populations. The
reference substance must cause a >40% and <80%timdin earthworm populations in
order for the study to meet the validity crite@arbendazim is currently recommended as a
reference substance following the withdrawal ofdrmapl. However, current studies with
carbendazim have shown a high variability in resgofl10-80% population reduction)
which often invalidates studies. Additionally threvél of variability in response observed
amongst studies using carbendazim is greater thanobserved amongst previous trials
using benomyl.

The wide variation in earthworm response to carbeimd may result from a range of

different factors such as earthworm behaviour, pagmn structure and soil chemical and
physical properties. In order to gain a better ustd@ding of the reasons for the varied
response of earthworms to carbendazim, these eliffefactors are being investigated as
part of a larger study.

Organic matter, pH and clay content are key comptnef the soil which influence fate

and transport of chemicals. Therefore this posteuges on how these soil properties
influence carbendazim bioavailability and its suhsmt toxic effects on earthworm

populations.

The preliminary experiments reported here usedetirthwormE. fetidabecause of the

large number of existing toxicity studies carriedat @n this species. Initially an OECD
acute toxicity test was performed using a soil Eintio the standard OECD soil (with pH =
6.6 organic matter content = 7% and a clay conteh?%) in order to determine an LC50
concentration for carbendazim. Subsequent expetgmeised this concentration of
carbendazim in the same soil but with soil pH, aigamatter content and clay content
systematically varied.

Soil pH was varied between 5 and 8 using calciurba@ate (to increase pH) and HNO
(to decrease pH). Organic matter content was vaetsheen 1 and 10 % through the
addition of sphagnum moss peat. Clay content weed/detween 10 and 30% by addition
of kaolinite clay. Toxicity of carbendazim was assed after 7 and 14 days. Bioavailability
of the carbendazim was assessed by analysis ofbtldy tissues of the surviving
earthworms. Statistical analysis was carried outdébermine the key soil parameters
controlling toxicity and bioavailability of the daendazim.
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THE COMET ASSAY AS A BIOMARKER TO DETERMINE EARTHWO RM
SPECIES SENSITIVITY DIFFERENCES TO CADMIUM GENOTOXI CITY

F. Fourie, S.A. Reinecke and A.J. Reinecke

Department of Botany and Zoology, Stellenbosch ®Ersity, Private bag X1, Matieland,
7602, South Africa

The concept of species sensitivity differencesesoming important in ecotoxicology, but
testing usually focuses on lethality of toxicarithe effects on the suborganismal level are
mostly ignored; therefore the present study congpaspecies sensitivities using a
biomarker of genotoxicity. Five earthworm speciésnynthas diffringensAporrectodea
caliginosa Dendrodrilus rubidusEisenia fetideandMicrochaetus benhamivere exposed
for 48h to cadmium sulphate in artificial soil watand DNA integrity was assessed with
the comet assay. The comet assay proved to bel wsafucadmium induced significant
amounts of DNA damage in thred.(caliginosa D. rubidusand E. fetidg of the five
species, withE. fetida the most sensitive and therefore an appropriapeesentative
earthworm species. All exposed earthworms accuedil&€d, but these body loads did not
correspond to the amount of DNA damage; most ofGtievas probably sequestrated and
did not cause DNA damage.

The 8" International Symposium on Earthworm Ecology
4" _ g" September Krakéw, Poland



Poster 212

TOXICITY OF ALBENDAZOLE ON ADENOSINE TRIPHOSPHATASE AND
ACID PHOSPHATASE ACTIVITIES OF EARTHWORM

Gao Yuhong; Sun Zhenjun

College of Resources and Environmental Scienceisalkgricultural University, Beijing,
100094, China; College of Animal and College of fai science and technology,
Agriculture University of Hebei, Hebei 071001, Chin

In recent decades, because of incorrect or exeestilization in domestic animals, a
substantial quantity of veterinary medicine anditsactive metabolites have been released
continually in the soil environment by excretiomdapromoted adverse effects on sail
ecosystem. Albendazole (ABZ) exhibits broad speciragastrointestinal anthelminthic
activity and have been used widely in livestockve3al studies suggested that carcinogenic
potential and embryotoxicity in vertebrate wereueeld during long-term use of ABZ.
There is, however, no clarity of the effects thla¢ tuse of ABZ might have on soil
organisms. The aim of the present study was tormhéte the toxicity of ABZ on whole
body and different segments (the anterior, the paid- and posterior) of earthworm,
Eisenia foetida during 2, 7 and 14 days of expose to ABZ by meaguadenosine
triphosphatase (NaK*-ATPase and Mg -ATPase) activities and acid phosphatase (AP)
activities. The ABZ concentrations in substrate aveontrol (0 mg. kg dry weight) and
four exposures (100, 200, 400 and 600 mg- ¢y weight). The results indicated that both
ATPase and AP activities varied in relation to &xposure time and ABZ level as well as
the segments of earthworm. ABZ inhibited signifitgrATPase activities in the mid-part
at all exposure duration, especially after 7 dayd 44 daysof exposure. Even with the
lowest concentration (100 mg:Kg both ATPase activities were inhibited signifidgirat

14 days exposure compared to control. The ATPadwites, however, enhanced
significantly in the anterior with highest concextion at 14 days, which might be caused
by the special organs in the anterior (calciferglads, gizzard, esophagus, stomach, or
reproductive apparatus). In posterior segment, afilgr 14 days, Na, K*- and Md*-
ATPase activities were reduced significardy ABZ concentration increased. On the other
hand, significant decrease of AP activity was egped in the anterioand mid-partof
earthworm with exposure to 14 days compared to evhobly and the posterior, even on the
lowest concentration AP activity was significantcoased. Our results suggested that
obvious response of ABZ on the AP activity was rhyagaused in the anterior and mid-part
of earthworms after exposure to 14 days, while ASEPactivity varied significantly in the
mid-part and posterior of earthworms with 14 dayposure. Being sensitive to low
concentrations, these enzymatic activities couldieseas early warning signals of soil
contamination.
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EFFECT OF FLUIDIZED BED COMBUSTION ASHES USED IN ME TAL

POLLUTED SOIL REMEDIATION ON LIFE HISTORY TRAITS OF THE
OLIGOCHAETA EISENIA ANDREI

F. Grumiaux, S. Demuynck, S. Lemiéere, F. VandeckmjlA. Leprétre

Laboratoire d’Ecologie Numérique et d’EcotoxicolegEA 3570. Université de Lille 1.
France

The use of Fluidized Bed Combustion (FBC) ashesrasobilising agents for metals in
contaminated soils is a recent and promising ampro&o date, only few studies focused
on the possible impact of such treatment on saihda The aim of the present work was to
investigate the effects of silico-alumineous amdfoscalcical ashes on the earthworm
Eisenia andrelife history traits in OECD artificial soil.

An important mortality of either juveniles or magwwvorms was observed following silico-
alumineous (>60% mortality) or sulfo-calcical (¥00mortality) ashes adjunctions. This
effect was due to a transient increase of soil p¥hen worms were exposed to
supplemented soils several weeks after ashes didjnsc allowing pH to decrease, no
mortality occurred. However, adverse effets affeglife history traits were observed after
pH stabilization. Indeed, growth rate was signtfitareduced for both treatments.
-Silico-alumineous ashes decreased significantoon production, hatching success and
increased the incubation period.

-Sulfo-calcical ashes decreased drastically cocpmduction and abolished hatching
success.

Consequently, both ashes exhibited sub-lethal &ffdcely to affect population dynamics.
Most of the harmful effects observed on growth aedroduction of worms could be
attributed to an increase of pH and/or an osmoistuthance caused by FBC ashes ,
especially sulfo-calcical ones.

To conclude, a compromise must be found betweeitiywsand negative effects of a
remediation process. It is essential to evaluatémpact on biota. Complementary studies
may provide information regarding remediation pss&s. In case of field application, the
disposal strategy must consider the adverse effectauna.
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THE EFFECTS OF MERCURIC CHLORIDE ON SURVIVAL, GROWT H,
REPRODUCTION, BURROWING SPEED AND GLUTATHIONE
CONCENTRATIONS IN THE EARTHWORM SPECIES EISENIA FETIDA
SAVIGNY

Gudbrandsen, Marius; Aamodt, Solveig; Sverdrupelin; Sjursen, Heidi;
Stenersen, Jgrgen

Program for Toxicology and Ecophysiology, DeptBadlogy, University of Oslo, P. O.
1066 Blindern, 0316 Oslo, Norway

The earthwornkisenia fetidawas exposed to various concentrations of meraugy well-
characterized agricultural soil obtained from aaldield (As, Norway), and the effects on
survival, reproduction and glutathione levels weeeorded. Internal concentrations of
mercury were also measured. For each treatmentréplicates containing groups of five
or ten clitellate earthworms were used. Mercury added to soil in the form of mercuric
chloride (HgC}).

Repropduction (cocoon production) was arrestechiarinediate and high concentrations
after four weeks (E& for reproduction was approximately 7.4 mg Hg/kd)s&lutathione

(a non-protein thiol) was analyzed by standard spphotometric methods. Earthworms
exposed to mercury (22 to 740 mg Hg/kg soil forrfereeks) experienced a threefold
increase in glutathione levels from background levef approximately 0.62 pmol/g
earthworm wet weight.

Pre-exposure to a non-toxic mercury concentratdihrog/kg soil for one week) strongly
increased survival in a subsequent standard tesedaut one week after the termination
of pre-exposure. Calculated kg&values for pre-exposed and non pre-exposed worens w
545 and 170 mg Hg/kg soil, respectively.

The difference in cocoon production between pressgd and non pre-exposed worms was
small, but significant (t-test, p<0.05). Mercurypesure increased glutathione levels in a
concentration-related manner, but at a similar rat@re-exposed and non pre-exposed
earthworms, suggesting that the increased tolenaasenot caused by the GSH increase.
Internal concentrations of mercury followed a oite-dinding hyperbola reaching a
maximum at 139 49 and 165 +16 pg Hg/g earthworm wet weight in two independent
experiments. The shape of the accumulation curuggested that glutathione levels in
earthworms were closely related to internal mercarycentrations.
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HEAVY METAL CONCENTRATIONS IN SOIL AND EARTHWORMS
COLLECTED FROM AGRICULTURAL AND INDUSTRIAL HABITATS IN
EGYPT

Hamada M. Mahmoud

Biology Department, American University, 113 Kas$iihi Street. P.O. Box 2511. Cairo
11511, Egypt

The important role of earthworms in the biomaguifion of heavy metals in terrestrial
ecosystems and its role in the transfer of heavialma@oward higher trophic levels are
widely recognized. In the present study the bioeotration levels of essential (Cu, Fe,
Mg, Mn, and Zn) and non-essential (As, Cd, Hg, Bhd Sn) heavy metals were
investigated in soil and earthworm samples to etelwsoil contamination in different
habitats and the validity of earthworm as a biatathr of soil contamination and the
selected ecosystems health status. Both soil aidveams were sampled from three sites:
Fyoum (about 100 km south of Cairo) and Abu Raw@ttout 8 km to the North of Giza
Governorate) representing areas polluted by aguallactivities; Mostorod (about 10 Km
to the North of Cairo) representing area moderatiiuted by industry to examine
whether earthworms populations originating fromfediéntly polluted terrestrial habitats
differ in their tendency to accumulate heavy metalaot. For each of the metals, evidence
suggests that bioconcentration depends on the matacentrations in the soll;
bioconcentration is greater at lower soil conceitns. Eearthworms collected from
industrial area exhibited different storage capaehd different concentration factors
(concentration in animal/concentration in soilfeefive bioaccumulation of some heavy
metals by earthworm, revealed a strong influencenfrodustrial pollution on the biotic
community. This study for the first time presenttadon the impact of heavy metal
pollution on various earthworms in Egypt. The pwesitcorrelation between some heavy
metals concentration in the soil and in earthwoisnmsoteworthy. In general the variation in
heavy metals concentration in soil and earthwormslifferent sites may be significant
depending on soil properties and pollution statiugill also be of interest for the future to
analyze certain effects of metal concentrationoihan innate immune response of resident
earthworms and to compare those with results fridmaraqyeographical populations.
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DISRUPTED HOMEOSTASIS IN COELOMOCYTES OF EISENIA FETIDA
EXPOSED DERMALLY TO HEAVY METALS

Joanna Homa A. John Morgaf) Barbara Plytycz

'Department of Evolutionary Immunobiology, InstitateZoology, Jagiellonian
University;
“Cardiff School of Biosciences, Cardiff Universiardiff Wales, UK

We have previously shown thdisenia fetida dermally exposed to heavy metals
accumulates some of them avidly in the body, wkaadcompanied by upregulation of
stress proteins in coelomocytes (Homa et al. 20@5)heavy metals accumulate also in
immunocompetent cells and affect their elementadmasition (Morgan and Morgan 1998;
Fischer and Molnar 1992), the aim of present stugias to follow day-by-day the metal
content, elemental composition, and stress pratgpression in coelomocytes extruded
from animals exposed to heavy metals via filtergrap

Mature earthwormE. fetidawere exposed via filter paper for 1, 2 and 3 daysvater
(controls) or zinc, cooper, lead and cadmium cHkesi(44 mg/L) at concentrations 1.32
pglent. Coelomocytes were extruded from animals subjeitigtie electric shock (1 min.,
4.5 V) and used for analysis of expression of rh&aick proteins (HSP70, HSP72),
caspase-3, and metalotionein MT-2 by immunocytodbieyn western blotting and dot
blotting (Homa et al. 2005). The contents of hemetals and elemental composition (Ca/P
and S/P ratios) in coelomocytes were measured bgyXmicroanalysis combined with a
scanning electron microscopy (SEM) (Banach et @042 in the Department of Cytology
and Histology, Institute of Zoology, Jagielloniamildersity.

During 3-day dermal exposure, copper, lead and aadnaccumulated in the earthworm
body while excess of Zn was efficiently eliminaté&tevertheless, coelomocytes retrieved
from coelomic cavity were affected by each of th€uopper accumulated gradually mainly
in amoebocytes, while lead in both amoebocytes almbcytes. Zink appeared in
coelomocytes transitionally on day 1, while cadmiomday 2. All heavy metals affected
in various ways the Ca/P and S/P balance in coealgtes. Apoptotic pathway was
activated by Cd, Pb, and mainly Cu, but not by Zmwater exposure. HSP-72 and MT-2
were upregulated by metal exposure, HSP72 being s@nsitive to lead contamination.
Constitutive expression of HSP70 make it less @titra as biomarker of metal pollution. In
conclusion, coelomocytes homeostatis Bn fetida is significantly disrupted, at least
transitionally, in animals exposed to environmep@lution, thus these cells may serve as
sensitive biomarkers of soil quality.
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THE EFFECT OF CHELATOR (EDTA) AMENDMENT ON THE
ACCUMULATION OF METALS (PB, ZN, MN, NI) BY EARTHWOR MS (EISENIA
FETIDA) MAINTAINED IN THE LABORATORY ON DIVERSE
METALLIFEROUS FIELD SOILS

Laura Jones, Michael O'Reilly, A. John Morgan

Cardiff School of Biosciences, Main Building, Cdfdiniversity, Park Place, Cardiff
CF10 3TL, Wales, UKrforganajl@cardiff.ac.gk

Abstract: Metal contaminated terrestrial sites represernjomeanvironmental problems in
many industrialised countries. A number iof situ and ex situ clean-up protocols are
available, but there is currently an increasedrastein phytoremediation [1]. In many
cases, and especially where Pb is a major contamiaanending soils with a chelator
increases the availability and uptake of metalsplants. For example, the commonest
chelator for this purpose, EDTA, has been showernbance the phytoextraction of Cd,
Mn, Ni, Pb, and Zn [2, 3], but with some risk of taeleaching. To our knowledge, very
little work has been published on the effects oélator-mediated increases in metal
availability on the survival, reproduction, and aleaccumulation (and, by implication,
potential trophic transference) of ecologically on@ant, ‘non-target’, soil organisms, such
as earthworms. Therefore, the primary aim of thesent study was to assess, under
laboratory conditions, the effect of a moderate BDApplication on the performance of
Eisenia fetidaexposed for 4 weeks to four different metal-corterted soils: (i) a
circumneutral, heavily Pb+Zn-contaminated mine s@Draethen’); (ii) an acidic,
moderately Pb+Zn-contaminated mine soil (‘Strean(i)) a heavily Mn-contaminated,
pyrolusite-rich, mine soil (‘Barmouth’); (iii) a donear a working Ni smelter and
contaminated by atmospheric deposition (‘ClydacBgrthworms were maintained in pairs
of five (‘Draethen’) or eight (‘Sream’, ‘BarmouthClydach’) replicates per treatment.

The main findings were:

1. EDTA amendment did not significantly reduce eadhw survival rates in Draethen,
Barmouth, and Clydach soils below the 100% survial non-EDTA-amended

contaminated soils. Survival in EDTA-amended ‘Stneaoil was significantly reduced to
approximately 55%, but without depressing pH is tilready acidic soil.

2. Reproduction rates (cocoon counts) were very Iovbath Pb+Zn-contaminated soils
(‘Draethen’ and ‘Stream’), whether amended or MeRTA-amendment did not affect
cocoon counts in the Ni-contaminated ‘Clydach’ sdiut did significantly reduce

reproductive output in the Mn-contaminated ‘Barnmowoil (where, in the absence of
EDTA, reproduction was particularly high).

3. EDTA did not alter the Cagkxtractable metal fraction(s) of ‘Barmouth’ (Mn),
‘Clydach’ (Ni), ‘Draethen’ (Zn), and ‘Stream’ (Znjt did increase the Pb fraction in both
‘Draethen’ and ‘Stream’ soils.

4. EDTA treatment of field-derived soils significantlincreased the earthworm
concentrations of Ni (‘Clydach’), and Pb (‘Streamit not ‘Draethen’). Mn (‘Barmouth’)

accumulation showed an upward, albeit non-significirend; Zn was unaffected in both
‘Stream’ and ‘Draethen’ soils.
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UPTAKE OF MERCURY BY THE EARTHWORM LUMBRICUS TERRESTRISIN
A UK CREMATORIUM

Lowe, C. N., Langdon, C. J. and Stout, D.

School of Natural Resources, University of Centiatacashire, Preston, PR1 2HE

440,000 people are cremated in the UK every yetir an estimated discharge of 1300 kg
of mercury (3g Hg per cremation) arising mainlyrfr the thermal decomposition of dental
amalgam It has been predicted that by the year 282@atoria will account for between

11 and 31 % of mercury emissions to air in the Dliéw statutory guidance published by
the UK Government in 2005 has recommended that &anma should install equipment to

cut mercury emissions by 50 % by 2012. Only a féwdiss (e.g. Nieschmidt and Kim,

1997) have been conducted on the local environrhanpact of crematoria emissions and
have concentrated on mercury and lead concentgatiosoils in the vicinity (crematoria

grounds) of the crematorium stack. Earthworms am@wk to accumulate metals in their
tissues and are also used as bio-indicators ohsaith.

This preliminary study was conducted at Prestonm@terium in north-west England. A
transect was established in the direction of thevagiling wind from the stack, and
sampling points marked at distances of 5, 10, 0568, 90 and 200 m from the stack. At
each distance soil cores (n = 3) were taken and édlitellate) L. terrestriswere collected
(using mustard extraction) for lead and mercurylyasms on an ICP-MS. Earthworm
populations at each distance were assessed byctomjle (using mustard solution
vermifuge) earthworms from 3 x 0.25?msquares. These were preserved (in 0.37 %
formalin solution) and identified in the laboratdEarthworm populations did not differ
significantly in their abundance or species ratlogial results of lead and mercury uptake
into soil and earthworm tissues indicate that distafrom the stack is primarily important
when determining potential negative environmentapacts of crematoria emissions.
Results suggest that earthworms provide a goodatali of the bioavailability and possible
bioaccumulation in the food chain of mercury (inlgoemitted by the cremation process.
Further investigations are recommended.
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THE IMPACT OF CADMIUM AND MERCURY CONTAMINATION ON
REPRODUCTION AND BODY MASS OF THE EARTHWORMS EISENIA
FETIDA (SAV.)

Stanistaw tapiski', Maria Réciszewska

1 — Department of Small Animal Breeding, AgricutbtUniversity of Cracow, al.
Mickiewicza 24/28, 30-059 Krakow, Poland, e-mailapinski@poczta.fm

2 —Department of Zoology and Ecology, Agricultutadiversity of Cracow, al.
Mickiewicza 24/28, 30-059 Krakow, Poland, e-maikoscisz@ar.krakow.pl

The accumulation of heavy metals in the tissuesasthworms is a helpful indicator of
environmental contamination. The degree of sulestcantamination can be additionally
evaluated on the basis of survivability, reproduttand body mass of earthworms. In this
study, in laboratory conditiongisenia fetida(Sav.) earthworms were exposed to a series
of increasing concentrations of cadmium and merd@ry 4, 6, 8, 10g/g dry mass of
substrate). The numbers of animals and their baaigsnvere checked after 4 and 8 months.
The strongest impact of substrate contamination evasted upon the number of young
individuals and cocoons. The cadmium contaminadiimhnot affect adversely the mass of
earthworms, whereas in the mercury-contaminatedipgtbe decline in body mass was
evident. After 8 months of experiments, the heavgtah content in the bodies of
earthworms was determined using atomic absorppestsometry. An evident relationship
between the cadmium and mercury contents in thetsatb and their accumulation in
earthworms' tissues was found. The concentratiathenbodies exceeded the level in the
substrate.
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EARTHWORM ( EISENIA FETIDA) BIOASSAY TO ASSESS THE POSSIBLE
EFFECTS OF PLATINUM TAILINGS DISPOSAL FACILITIES ON THE
ENVIRONMENT ALONG A GRADIENT

M.S. Maboeta, L. van Rensburg & P.J. Jansen vastiReg

School for Environmental Sciences and Developnidatth-West University,
Potchefstroom Campus, Private Bag X6001, Potcluefsir2520 South Africa

Platinum mines produce large amounts of inorgaaitings containing high levels of
metals which are disposed of on tailings disposalilifies (TDFs) and there is no
information available on their possible effectstba surrounding terrestrial environment.
The aim of this study was to do an earthworm biapasx soils along a gradient from a
TDF over a period of 28 days in terms of growtlgroegluction and metal accumulation.
After 28 days the earthworms in the soil colleatpdo 1 km away from the TDF showed a
significant (P < 0.05) decrease in bodyweight amdhie soil 2-5 km away showed no
effect. The earthworms in the soil collected 15 kmiay from the TDF showed a
significant (P < 0.05) increase in bodyweight. Thean hatching success of cocoons was
significantly (P < 0.05) higher in the soils furtteway from the TDF viz. 15 km > 3-5 km
> 2-0 km. Cr, Cu, Ni and Zn concentrations in #uéls collected in the soils on the
platinum TDF (TDF - 15 km in the case of Zn) weighler, while Cd, Co and Pb were
lower when compared to screening benchmarks prdpmgéhe U.S. Dept. of Energy. The
presence of these metals in a mixture, howeveremdlextremely difficult to assess their
effects. All of the metals had low bioconcentratfactors (BCFs) viz. < 0.01 (CR, Ni and
Pb), 0.01 (Co), 0.33-0.5 (Cd), 0.01-0.08 (Cu) ari860.29 (Zn). It can be concluded that
platinum mining, with TDFs as source of contamioati has negative effects on the
environment but further studies are needed to askeexact extent of these effects.
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EFFECTS OF METALS IN GROWTH, REPRODUCTION AND
GAMETOGENESIS IN EISENIA ANDREI INHABITING IN ARTIFICIAL
CONTAMINATED SOILS. FIRST RESULTS

M2 Fuencisla Marifib& M2 Paz Ondina

! Dpto. Ecologia y Biologia Animal, Universidad d&V, Spain.
2 Dpto. Biologia Animal, Universidad de Santiagoa®p

The aim of this study was to check the effect afraetals (Cd, Cu, Ni, Pb, Se and Zn) on
growth, reproduction and gametogenesis Hisenia andrei inhabiting in artificial
contaminated soils. Of the six metals chosen s shidy, four of them, Cd, Cu, Pb and Zn
have been tested in earthworm frequently for différauthors but about effects of Ni and
Se there are little information for terrestrial émtebrates.

For the study about the effect of metals on sulyviy@wth and reproduction preclitellated
earthworms [isenia andréi were cultivated in artificial soils containing figirent
concentrations of six heavy metals (Cd, Cu, Ni, ®and Zn) and one control soil during
195 days.

All cultures were supplied weekly with horse mananel were checked each 15 days, and
cocoons were separated, weighted and incubateddndily and examined twice weekly.
For gametogenesis couples of preclitellated eantimsdEisenia andrei were cultivated in
similar artificial soils. Earthworms were weeklywiged until the first copula and in this
moment worms were fixed until their later dissectfor estimating the effect of metals on
total volume of sperm in seminal receptacles, gmaining sperm in seminal vesicles and
the mean number of mature ova.

The first results indicated significant differendeghe effect of the different heavy metals
in almost all the studied parameters.
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EFFECTS OF PARATHION AND IMIDACLOPRID ON THE CROP/G 1ZZARD
COMPLEX OF APORRECTODEA CALIGINOSA

Mazzid” C., Rault M., Mazet®B., Belzunce$” L. and Y. Capowie?”.

WLTE - UMR406 INRA/UAPYV, Ecologie des Invertébrégl@4 Avignon cedex9 —
France ;

@ TIS - CNRS UMR 6150, IFR Jean Roche - Facultd/@elecine. 13916 Marseille cedex
20 - France

Earthworm is a relevant indicator of environmerthhnges and is currently used as a
biomarker for assessing chemical pollution. Orgdmgphorus agents and pesticides are
know to induce in some cases, a weight loss argltaration of the burrowing behaviour.
Earthworm gut represents one of the two contanungiathways with the skin.

In this study, we focused our attention on the fgiagard complex, a part of the
earthworm gut equivalent to the stomach of vertelsrand we investigated the effects of
pollutants on its biochemical (cholinesterases (Cloffutathion-S-transferase (GST)) and
physiological (motility) parameters. The crop/gimzareparation is dissected away from
the animal and immersed in physiological solutioostaining different concentrations (10
% 10° and 10°M) of parathion (Oleo-Bladan, Bayer) and imidaciddConfidor, Bayer).

The biochemical results show a 70% decrease oftite (cholinesterase) specific activity
for parathion at 18M concentration. We observed no effects of parattoa the GST
activity and no effect of imidacloprid on the ChRdaGST activities. Considering these
results, we tested the contractile responses giapations pre-treated by immersion in
parathion 13M. We observed a loss of the spontaneous contrecéad a diminution of
the area under the curve (AUC) after applicationK@fl rich solution. Applications of
acetylcholine induced also a diminution of AUC. $lephysiological results seem to
indicate a dysfunction of the contractile machinery

Parathion at high concentration affected biochelraca physiological parameters of the
crop/gizzard complex. These additional data coulkplaen the physiological and
behavioural alterations previously observed withs tlorganophosphorus pesticides.
However, further investigations are needed to compthese biomarkers in other
conditions; for example crop/gizzard complex ofteaprms collected in mesocosms or
polluted fields.
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BIOTIC CONTROL OF ATRAZINE DEGRADATION IN SOILS: IM  PACTS OF
EARTHWORMS ON ATRAZINE DEGRADING BACTERIAL COMMUNITIES

Cécile Monard, Fabrice Martin-Laureft Philippe Vandenkoornhuys€&rancoise Binét

LCNRS, Université de Rennes 1, UMR 6553 ECOBIO - #9RCAREN, Ave Général
Leclerc, Bat 14B, F-35042 RENNES Cedex, France ;

2INRA-CMSE, UMR 1229 INRA-Université de Bourgognejdvbbiologie et Géochimie
des Sols, 17 rue Sully, BP 86510, F-21065 Dijone@eérance

Enhanced atrazine degradation is observed in etdtil soils frequently treated with this
herbicide. Different soil bacteria such BRseudomonasp. strain ADP an&helatobacter
heintzi. have acquired the capacity to metabolise this bihbi The genes involved in
Atrazine catabolism are carried onto a plasmid anelatzA B, C, D, Eand F in
Pseudomonas sp\DP, andatzA, BetCin C. heintzii

As efficient soil engineer, earthworms modify galilysical and chemical properties, along
with microbial communities and activities. They maypange the distribution and
degradation of organic compounds such as pesticides

We have analysed interactions between earthwolomslfricus terrestriswith indigenous
and atrazine degrading bacterial communities. Reprtative soil biostructures of
earthworm activityi.e. ingested soil, excreted soil, bioturbated sod aningested soil in
presence of earthworms were sampled. Soil micrososere treated with Atrazine and
inoculated or not either witk. sp. ADP orC. heintzii. In all soil microsites we have
estimated the atrazine degrading activity of bateommunity (CQ) along with 16S and
atzAgenes quantities by real time PCR.

We demonstrate i) a significant decline in the namiif C. heintziithirteen days following
inoculation but not folP. sp. ADP, ii) an enhanced atrazine mineralizapotentiality in
all microsites except in excreted soil and iii) agative impact of earthworms on
indigenous bacteria but a stimulation of atraziagreding strains in burrow-linings formed
by L. terrestris

Other objectives are to assess the microbial fraable to degrade Atrazine and to analyse
the earthworms impact on this degrading communittesther molecular strategy based
on SIP RNA will be performed usintjC labelled Atrazine and preliminary assays are
currently running witH*C-Glucose.
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INTERPOLATED NICKEL MAPS FOR EARTHWORMS AND SOILS A ROUND A
NICKEL-SMELTING POINT SOURCE

A. John Morgah Karen Ingrarh Stuart Davie's Michelle Rowsoh Peter Brabhafn
'cardiff School of Biosciences and

“Cardiff School of Earth Sciences and OceanograPhygliff University, Main Building,
Cardiff CF10 3TL, Wales, UK. horganajl @cardiff.ac.uk

Abstract: Ni is an essential trace element whose bioavititlaband consequent toxicity
toward terrestrial plants and animals, is both ddpet on intrinsic edaphic factors (notably
pH) and on the ecophysiology of receptor organisiis.is listed on the European
Commission List Il (Dangerous Substances Directigseld Ni compounds are classified by
the World Health Organisation in Group 1 (humancicergens) [1]. Some plants are
efficient Ni accumulators (e.¢/accinium myrtillu§, but there is no evidence that any soil-
dwelling animal species have similar propertiesttliveorms are acknowledged macro-
accumulators of several different essential and-essential metals; and yet, there is
considerable uncertainty about the Ni relationshbipsarthworms [2, 3] due to a number of
factors, including a very limited number of fieltldies on populations living in heavily
contaminated, geochemically diverse, soils.

Ni production at the INCO Ltd. Ni smelter in the &wgea Valley (UK), the largest working
Ni smelter in western Europe, started in 1902 antticues to the present, processing feed
material imported from Sudbury, Canada. Soils (&A0depth), plants (the gragsgrostis
capillaris) and earthwormsLumbricus rubelluswere hand-sampled at 36 stations within
an area of about 2 x 3.5 km around the smelter,aanadlysed for Ni concentrations (conc.
HNO; digests). The resolution of sampling was highasthie immediate vicinity of the
source. Sampling-station positions were recorddtl wiGPS navigator (Jarmin ETREX).
Interpolated metal-distribution maps for abioticldnotic samples were plotted with Surfer
Software.

The main findings were:

- Soils near the point-source contain ¢.3000 pgNijgmass, compared with the UK Soil
Guideline Value (SGV) for ‘residential soils withtoplant uptake’ of 75 pugNi/g) [4]. The
Ni concentration in a high proportion of the sabsceeded the coccon production EC50
value (85 mgNi/kg) recorded fdtisenia veneta&xposed for 4 weeks to spiked soil in the
laboratory [4].

- The slope of the downwind Ni gradient in soil aathworms is steep.

- The Ni bio-concentration factor (BCF = wagn+ soily;) in earthworms was very low
across the entire sampling area, indicating efficiegulation.

- Soil pH varied considerably across the samplimg granging from 3.91 to 7.69); soil pH
did not exert a strong influence on Ni accumulatigrearthworms.

- Ni was not partitioned to any particular tisstection of the earthworm.
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THE MANGANESE RELATIONSHIPS OF ECOPHYSIOLOGIALLY
CONTRASTING EARTHWORM SPECIES (LUMBRICUS RUBELLUS AND
APORRECTODEA CALIGINOSA) INHABITING MANGANESE-MINE SOILS

A. John Morgan, Becki Pleasance, Hannah Kinseygr6avies

Cardiff School of Biosciences, Main Building, Cdfdiniversity, Park Place, Cardiff
CF10 3TL, Wales, UKrfiorganajl@cardiff.ac.)k

The transition metal Mn is biologically essentidd. has multiple redox states. Mn
phytoavailability is highest in the reduced stdtence, Mn mobility is relatively low at
circumneutral and alkaline pHs, but relatively highacidic and anoxic soils. Unlike other
essential transition metals, Mn does not have aimmh storage protein in animal tissues.
Observations indicate that biogenic manganese oxidaoparticles play important
nutritient-regulatory roles in soils, mainly by fage-coating and masking minerals [1].
Similarly, manganese oxides are ecotoxicologicathportant because they not only
scavenge and reduce the bioavailabilities of aerasential metals (Cu, Fe), but they also
suppress the accumulation of non-essential metays Pb, Cd) by receptor organisms [2].
Despite the geochemical, eco-physiological, andH®mical prominence of Mn and its
minerals, surprisingly little is known about thetalge and fate of the transition metal in
field populations of (even) earthworms, whose meghdtionships are generally well-
studied.

The Harlech Dome area of N.W. Wales is renownedMar mineralization which was
mined over much of the locality up to about a cgntaigo [3. In this study, two earthworm
species with differing Ca physiologies (the epigkiembricus rubellus with ‘active’
mineralizing calciferous glands and the endoggiorrectodea caliginosavith ‘inactive’
glands) were collected and analysed at 10 sitessa¢he Dome. In addition, a number of
invertebrate taxa (slugs, snails, earthworms, idepanillipedes, and centipedes) were
analysed at one site, ‘Cell Fechan’ O.S. Map Re§H614166, to gain insight into the
distribution of Mn at different trophic levels.

The main findings were: (i) soil Mn ranged from @Opg/g to 45,000 pg/g dry weight
(conc. HNQ-digests) across the study sites, values excee¢hinatural’ or ‘background’
global range of <1 to 4000 ug/g (mean around 30D466Yg) [4]; (i) gastropod molluscs
accumulated Mn in their soft tissues much morecieffitly than all other macro-
invertebrate species; (iii) consistently low Mn dgiencentration factors (BCF) in
earthworms (e.g. BGJ; for L. rubellusat ‘Cell Fechan’ = 0.04) indicate tight homeostasis
(iv) shallow earthworm-to-soil(‘total’) Mn regressi slopes confirm the ability regulate
Mn; (v) no significant differences were found iretivin burdens of the two earthworm
species. Finally, electron spin resonance speapysof frozen-hydrated, powdered,
whole-worms showed that Mn (1V) is the predomingmécies.
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EFFECTS OF IVERMECTIN CONTAINED-CATTLE DUNG ON THE
EARTHWORM, EISENIA FETIDA

Young Eun Na, Hea Son Bang, Min Sun Han

Environment and Ecology Division National InstituteAgricultural Science and
Technology, RDA, Suwon 441-707, Rep. of Korea

The effects of faecally excreted ivermectin on sualvand growth of the earthworm,
Eisenia fetida(Savigny), have been studied in the laboratory. @was collected 1, 2, 3
and 7 days after dosing ivermectin. The mortalityvorms provided with untreated dung
was 0% whereas mortality in ivermectin within a wees high as 73.7%, 98.3% in 1 and
2 days dung, respectively. The growth rate of tlwems fed dung from 1 day excreted
dung from cattle given ivermectin was 75% lowemtlizat recorded for the control. In total
number of hatchling earthworm in each treatmentjay after treatment produced the
lowest compare with untreated control. However,gdfrom cattle treated with ivermectin
did not prevented the rate of hatchling from eagsboon of earthworm. The results show
that ivermectin is less toxic to 2nd generatioeafthworm.

We concluded that ivermectin have adverse effectthe survival and growth d&. fetida
when exposed through dung under laboratory comditid his results will be discussed in
relation to the effects of anthelmintics on norg&drorganism in our ecosystem.
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UPTAKE AND EXCRETION OF METALS BY EISENIA FETIDA, IN NATURAL
POLLUTED SOILS

Johanne Nahmani (a), Stuart Black (b) and Mark ldnda)

a) Department of Soil Science, School of HumanBmgdronmental Sciences, University
of Reading, Whiteknights, Reading RG6 6DW, Unitadd€iom

b) Department of Archaeology, School of Human angifenmental Sciences,
Whiteknights, University of Reading, Reading RG6/8DUnited Kingdom

Numerous studies have evaluated the accumulatiometdls byEisenia fetidabut most of
them where performed on artificial soils, or onlsairtificially amended with metals. The
aim of this study is (1) to investigate soil mdbédavailability and toxicity to the OECD
standard earthworrgisenia fetidaon the basis of soil physical and chemical progernd
(2) to test existing, and produce new kinetic medel metal accumulation and excretion
in earthworms. Ten sites (2 unpolluted soils, 7asjrand 1 industrial site) were selected
and soils were sampled (0-10 cm depth). For eathm®, CEC, organic matter, texture,
and metals were analysed. Then, 500g of each soé put into plastic boxes and 12 adult
earthworms were added. To evaluate the rate oflraptake, earthworms were sampled
from each soil (6 earthworms per boxes, 5 boxdsy & 7, 14, 21, 28, and 42 days. After
the earthworms had been in the metal contaminaiidos 42 days they were transferred
to uncontaminated soil in order to evaluate the aditexcretion of metals; earthworms were
sampled (6 earthworms per boxes, 5 boxes) 7, 14,281 and 42 days after being
transferred to the uncontaminated soil. Earthwdnms the microcosms were analysed for
metals burden; additionally, metal concentrationshe soil solution were analysed. There
were significant differences in rates of metal kptand excretion between different metals
and between different soils. Texture, pH and totedtal content were key parameters
accounting for variability of uptake and excretlmgtween soils. These parameters also had
a significant effect on earthworm parameters sichveight, cocoon production and lethal
effects. In this presentation results will be usetest existing models on earthworm metal
uptake rates and new kinetic models for metal actamon and excretion will be
presented.
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BIOCHEMICAL AND BEHAVIOURAL EFFECTS OF PARATHION ON
APORRECTODEA CALIGINOSA UNDER LABORATORY CONDITIONS

Olvera-Velona Angeluz(1,3), Capowiez Yvan(2), Ottiernandez Laura(l), Benoit
Pierre(3)

(1) Universidad de Morellos, Av. Universidad 10@hl. Chamilpa, C.P. 62210
Cuernavaca, Morelos. México

(2) INRA/UAPYV Ecologie des Invertebres- 84914 AVIGN cedex 09- France

(3) INRA, UMR Environnement et Grandes Cultures858 Thiverval-Grignon, France

Ethyl parathion is a widely used organophosphatstiggde in Mexico. The sublethal
effects of this pesticide were studied usigcaliginosaas a model earthworm since it is
very common in agricultural soils in France butoala Mexico. In a first experiment,
classical endpoints (i.e. mortality, weight lossl @holinesterase activity) were measured in
earthworms exposed to parathion sprayed on foterdift soils, three Mexican soils (two
vertisols and one andosol differing in their orgamatter content) and one French soil
(eutric cambisol). All earthworms were collectedFrance in an abandoned orchard close
to Avignon. The Predictive Environmental Concentrat (PEC) for parathion is
approximately 0.625 mg/kg of dry soil (or ppm). tBarorm mortality was between 80 and
100% for concentrations in parathion of 100 ppmtfar three Mexican soils but was only
50% in the French soil. Weight loss was significalifferent from the control for
concentrations in parathion of 10 ppm and no diffiee was observed between the four
soils. Significant cholinesterase inhibitions webserved in the four soils for concentration
in parathion of 1 ppm. No important differenceseiffiects were observed between soils
suggesting that exposition was not directly relatedorption coefficients of the active
ingredient but to available concentrations aftal smestion. Another experiments were
carried out with the French soil to evaluate bebaral effect (avoidance and burrowing
capacity) of parathiorA. caliginosadid not avoid any of the tested concentrations1(10
and 0.1 ppm) of parathion. The burrowing behaviotiA. caliginosawas significantly
affected in 2D terrarium for concentrations as lasvl ppm showing that behaviour is a
sensitive biomarker.
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CORRELATING EFFECTS OF LONG-TERM HEAVY METALS EXPOS URE ON
LIFE-CYCLE PARAMETERS AND NEUTRAL RED BIOMARKER RES PONSES
IN EISENIA FETIDA.

Reinecke SA and Reinecke AJ

Department of Botany and Zoology, University ofl@t@osch, Private Bag X1,
Matieland, Stellenbosch, 7602, South Africa. E-nsal@sun.ac.za

Earthworms were exposed in a long-term experimertetavy metals in our laboraatory.
They have been exposed to different heavy metads aperiod of 10+ years at sublethal
concentrations of the respective metals in an acgsubstrate. A number of studies have
been conducted using specimens from these cultweeas, looking at the possible
development of resistance by methods such as atlegymetallothioneins, the MTT assay,
the comet assay and DNA polymorphism. Since itdlesady been established that good
correlations exist between the Neutral Red bionrarksponses and life-cycle parameters
in earthworms, it was the aim of the present sttwyletermine whether this could be
shown for worms from these long-term cultures andcbmpare these results with
exposures of previously unexposed earthworms. 8w of earthwormdE(senia fetida)
obtained from control (non polluted) and long-tehavy metal (Cd, Zn, Cr, Cu, Pb)
polluted substrates kept in the laboratory, wengosgd to the respective metals in OECD
soil. Five exposures were done for each group -riigdrom control cultures were exposed
to a high and a low concentration of the metal sodms from the pre-exposed cultures
also to the same high and low concentrations akasdb a clean substrate. Control worms
were also exposed to a clean substrate as expeaimemmtrol.Growth was monitored
weekly over eight weeks and cocoons collected. Gosavere allowed to hatch in distilled
water and hatching was monitored. After eight weafkexposure, the neutral red retention
times were determined and worms and substrates waeatysed for metals by AA
spectrometry after acid digestion. The results wengy varied with clear correlations for
some but not for other metals between biomarkgrorses and traits. So far it seems that
different heavy metals exert different influencestioese parameters.
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CHANGES IN THE OVARY CELLS STRUCTURE IN THE EARTHWO RM
DENDROBAENA VENETA (ROSA) IN NEUROSECRETION DEFICIENCY AND
AFTER EXPOSITION TO CADMIUM

Ewa Siekierska

Department of Animal Histology and Embryology, Sin University, 40-007 Katowice,
ul. Bankowa 9, e-maikiekiers@us.edu.pl

Earthworms living in soil polluted with cadmium aeoulate its ions in some tissues of
their bodies. Cadmium accumulated in the gangliaesfie system inhibited the synthesis
of neurosecretion and its release from the cellssudra- and subpharyngeal ganglia
(Siekierska, 2003). Cadmium ions also caused distadegenerative changes in the
earthworm ovary structure and affected oogenesekig@ska, Urbaska-Jasik, 2002). But
it is not known whether those changes result frbendirect cadmium effects on the ovary
or they are the manifestations of disturbancesirasecretion synthesis and release. In the
absence or shortage of the released neurosecrét@oprocesses, which are regulated by it
may get distorted. The aim of the study was to rdetee whether deficiency in
neurosecretion may induce changes in the ovaryomogites structure in the earthworm
speciesDendrobaena venetand define possible correlations between thosaegdwmand
the ones induced in the ovarian structure by cadni@uins present in soil.

The experiment was conducted on decerebrated $gxoatured earthormB. venetabred

in uncontaminated soillheir head parts were cut off at segment 6, taidepghem of the
nerve cephalic ganglia. The ovaries of experimeatal intact specimens were isolated
after 20 days of decerebration, fixed and procefseelectron microscopy.

The experiment indicated that decerebration degrithee earthworm of the substances
produced in the supra- and subpharyngeal gangiladasturbed oogenesis considerably. In
these cases also the structure of the ovary iedhiawormD. venetawas affected. Within
the ovarian stroma irregularly shaped, elongated Broadened spaces were visible.
Ooplasm of large oocytes was distinctly shrunk #msir surface undulating. In oocytes the
number of well-developed Golgi dictyosomes increlamed endoplasmic reticulum formed
circular patterns. In trophocytes, Golgi complexasl endoplasmic reticulum cisternae
were strongly vacuolised and were similar to thihsg were manifested in ovarian cells in
case of cadmium occurrence. Cadmium disturbed @sierand induced degenerative
changes in the ovaries in somatic cells as welhascytes and trophocytes (Siekierska,
Urbanska-Jasik, 2002; Siekierska, 2003). After the asialpf the obtained results it was
possible to conclude that cadmium effects on tharywef earthwornD. venetaindirectly

by suppressing neurosecretion synthesis. Such wsiool may be confirmed by the fact
that the structure of oogonia did not seem affeatgther in neurosecretion deficiency nor
after exposition to cadmium.
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CADMIUM EFFECT ON THE SEMINAL VESICLES STRUCTURE AN D
SPERMATOGENESIS IN THE EARTHWORM DENDROBAENA VENETA
(ROSA).

Ewa SiekierskaMarlena Brzozowa

Department of Animal Histology and Embryology, Sien University, 40-007 Katowice,
ul. Bankowa 9, e-maikiekiers@us.edu.pl

Cadmium ions inhibit cocoons production and de@dastility in earthworms living in
cadmium contaminated soils. However, it is hot knomhether reproductive disturbances
are caused only by cadmium induced degenerativaggsain the earthworm ovary and
which affect oogenesis (Siekierska, Uiblea-Jasik, 2002), or they are manifestation of
disturbances in spermatogenesis too. The aim sfstioidy was to determine what changes
in the testes, seminal vesicles structure and sgteganesis occurred after Cd exposure
and whether those changes were dose dependenterhimat vesicles structure and
spermatogenesis were testedi@ndrobaena venetaarthworms exposed to cadmium ions
at concentrations: 10 and 50 mg Cd'kuf soil for 20 days and in the controls. In this
species spermatogenesis took place in testes amdadeesiclesD. venetahad 2 pairs of
small testes lying in segments 10 and 11 and 3 pdiseminal vesicles in segments 9, 11
and 12 of the body. The testes contained spermait@gahich divided mitotically.
Divisions were synchronous and resulted in the kbgveent of groups of cells
interconnected by cytoplasmic bridges forming @tstmorula). The last mitotic division
of spermatogonia gave primary spermatocytes whiereweleased from testes to seminal
vesicles. Spermatogenesis continued within the rs&mvesicles and the subseqent
spermatogenic stages were observed - clustersimfipr and secondary spermatocytes,
spermatids and spermatozoa. Cytoplasmic bridgesemt@d germ cells in a cluster to an
acellular central mass - cytophore. During spergetesis cytophores enlarged and in
spermatid morulae reached the maximal size. Thaptagmic mass of cytophores included
mitochondria, lysosomal bodies, ribosomes and eiadapc reticulumD. venetahad 3
pairs of seminal vesicles. Among the germ cellstelts the somatic tissue was distributed,
which filled the inside of seminal vesicles.

Light and electron microscopy revealed that cadmiamin both concentrations caused
distinct degenerative changes in the seminal \esiclicture and affected spermatogenesis.
Young stages of spermatogenesis were most susleefdiltadmium. Differently shaped
membranous structures were located within nucleioshe primary spermatocytes and the
cytoplasm of those cells was strongly vacuolizetie Thumber of clusters within the
seminal vesicles decreased and the volume of sonigBue among them increased.
Degenerative changes occurred in cytophores. Thegrhe smaller in size and irregular in
shape and their cytoplasm was vacuolized. Cadninimbited spermatogenesis.
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EFFECT OF CADMIUM AND MERCURY ON THE SURVIVAL, MORP HOLOGY
AND BURROWING BEHAVIOUR OF THE EARTHWORM LAMBITO MAURITII
(KINBERG )

Sivakumar.$ @, Prabha. D , Subbhuraam. C.V/

# Institute for Ocean Management, Anna Universitye@ai-600025, Tamilnadu. INDIA.
" Dept. of Environmental Sciences, Bharathiar Ursitgr Coimbatore —600048,
Tamilnadu. INDIA.

@ Corresponding author e-mail: ssivaphd@yahoo.com

The earthwormLambito Mauritii (Kinberg) were exposed to various concentrations of
cadmium and mercury in soil and water medium. Thlr2 LCs, value of cadmium and
mercury in water environment was 1.1 mg/L and On0§/L respectively and in soil
medium it was found to be 800.7 mg/kg and 336.68Kggm he various behavioral changes
observed were burrowing, fast movement, liftingtleé body, curling and coiling. The
morphological changes were rupture of the cutidllnod accumulation, constriction,
bulging, oozing out of blood and oozing out of @weic fluid. In all the concentrations
tested the time taken for the initiation of morpigital changes decreased.
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ACUTE AND CHRONIC ECOTOXICITY AND BIOAVAILABILITYO F
PHENANTHRENE IN CONTAMINATED SOILS BY EISENIA ANDREI BOUCHE
AND EISENIA FETIDA SAVIGNY

Yvernile P.,'Bari G.,'de Lillo E., Spagnuolo M.?’Maboeta M.S.'Ruggiero P.

Dipartimento di Biologia e Chimica Agroforestale &thbientale, Universita di Bari; Italy
2School for Environmental Sciences and Developnieatth-West University,
Potchefstroom Campus, Private Bag X6001, Potcluefsir2520 South Africa

Several protocols, such as OPTTS and OECD, ashkessdute toxicity of pollutants
indifferently on Eisenia fetida fetidaor Eiseniafetida andrej considering a similar
physiology of the two subspecies. On the contrargry recent biomolecular and
spectrophotometric investigations have demonstrdiatthey are two well defined species
(Albani et al., 2003). Therefore, they might show specific tolemiand sensitivity to the
same xenobiotics.

The aim of the present contribution is to compargsmlogical responses &. fetidaand

E. andreiin the presence of a specific pollutant in ordeevaluate the validity of the use
of the two species indifferently in ecotoxicolodistudies.

The toxicity of the Polycyclic Aromatic Hydrocarb®(PAHS) is usually associated to the
chronic risks that their exposure involves. Relévarthe correlation of these studies with
the acute toxicity and with the pollutant fractiactually accumulated in the body of a test
organism (actual bioavailability).

The acute toxicity test has been carried out on aatificial soil with increasing
concentrations of phenanthrene as representatiPéd\bis. After 20 days of aging;. fetida
and E. andreihave been added to the soil and incubated underotied environmental
conditions for up to 28 days. kg were assessed for both species. Moreover, the
bioavailable fraction of phenanthrene was evaludigdmeans of its accumulation in
earthworm body at the end of the incubation pefaaual bioavailability).

The response of the immunological systenkofetidaandE. andreiin the presence of the
pollutant has been studied by means of the lysosamambrane stability of the
coelomocytes every 7 days within 28 days from tbgitning of the experiment, applying
the Neutral Red Retention Time (NRRT).
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POSSIBLE RESISTANCE TO CADMIUM IN THE EARTHWORM  EISENIA
FETIDA? USING A BIOMARKER TO DETERMINE LONG-TERM EFFECTS

P. Voua Otomo and SA Reinecke

Department of Botany Zoology, Stellenbosch Univgrdprivate Bag X1, Matieland, 7602
South Africa, sar@sun.ac.za

The MTT Assay was used to assess the effect of icediICd) on the activity of the
mitochondria ofEisenia fetida Adult earthworms from a long-term cadmium expoaad

a control culture were exposed to a range of Caeatnations (0, 2.5, 5, 10, and 20 mg/l)
in artificial soil water for two days. Coelomic teivere thereafter extracted and transferred
to microtiter plates and the tetrazolium salt (MTWwas added to the medium. The
reduction of the MTT into a blue formazan produngasurable by a multiwell scanning
spectrophotometer (at 570 nm) reflected the mitodhal activity of the cells. Analysis of
variance across treatments and cultures revealguifisant differences between the
different groups. Post-hoc analysis showed sigpnit differences amongst rather than
within the cultures. When absorbance values fbtrehtments within each culture were
added together a very highly difference between ttin@ cultures was found. A third
population (an outdoor population) Bf fetidawas added to the study and the MTT assay
was similarly carried out as for the long-term lediory cultures. It was found that all three
populations differed significantly from one anotlmeterms of their absorbance values. The
laboratory control culture and the outdoor popolatiowever did not show any differences
at the untreated exposure samples.. Differencedsnrbance appeared when these groups
were exposed to cadmium. Both the outdoor and dherhtory control culture however,
were significantly different from the long-term c¢aidim exposed culture across all
exposure samples. Differences in absorbance atehted exposure samples, between the
outdoor population and the long-term laboratorytamrculture could have been caused by
differences in feeding regimes and other ecolodiaelors. Whereas differences between
the long-term Cd-exposed and the long-term cowtutilres were directly related
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MECHANISMS BY WHICH EARTHWORMS INTERACT WITH PLANT
PATHOGENS, PLANT PARASITIC NEMATODES AND INVERTEBRA TE PEST
ARTHROPODS

Clive A. Edwards and Norman Q. Arancon

The Ohio State University, Columbus, OH, U.S.A.

It has been demonstrated that earthworms can mfueplant diseases, by spreading
infective spores into plant rhizospheres, changihgir viability; and affecting the

susceptibility of crop plants to plant pathogensartBworms interact strongly with

nematodes in soils, by changing the viability afina¢ode cysts that they ingest; influencing
the relative balance of trophic levels of: plantgsitic, bacteriovorous, fungivorous, and
omnivorous nematodes; and by moving nematodes théo rhizospheres of plants.
Examples of these interactions and their importamtidoe discussed.

Recent research in our laboratory has demonstcidady, that most organic wastes can be
processed rapidly into humic materials (vermicongosby interactions between
earthworms and microorganisms; these materials rimte in microbial activity and
diversity. Our research has shown that vermicongpgsbduced commercially, from food
waste, paper waste, or cattle manure, can suppogasdations and damage by a range of
species of plant parasitic nematodes includiMgloidogyne hapla and Heterodera
glycines,on a range of ornamental, vegetable, and fruipgrin both the greenhouse and
field. Possible mechanisms of nematode suppressaoe: (i) competition between the
main trophic groups of nematodes, plant paraditesgjivores, bacteriovores, predators and
omnivores, (ii) increased populations of fungalgsites of cyst nematodes, (iii) increased
populations of nematode-trapping fungi, (iv) builgh of bacterial parasites of plant
parasitic nematodes. Any of these mechanismseasilfle because, passage of organic
wastes through the earthworm gut promotes increasidobial activity, particularly
fungal activity, by several orders of magnitude. Wave demonstrated that small amounts
of vermicomposts can suppress attacks by planbpgatis, such aBythium Rhizoctonia,
Plectosporium,Phytophthoraand Fusarium in the greenhouse, and Verticillium wilt,
Phomopsis, Uncinula necat@and bacterial rots in the field. Possible mecéasi for
pathogen suppression include: (i) a general pathegppression by competition with other
microorganisms for energy and nutrients (ii) specuppression due to multiplication of
particular microbial antagonists (iii) productionf ofungistatic substances by
microorganisms. We have also demonstrated clehdy vermicomposts can suppress
populations and damage by tomato hornwolar{duca quinquemaculdtacucumber
beetles Diabiotica undecimpunctajacabbage white butterflie®ieris brassicag) mealy
bugs Pseudococcuspp.), spider mitesTetranychus urticde and aphidsNlyzus persicae
significantly. Possible mechanisms of pest invadtbsuppression include: (i) changes in
plants’ nutritional status, (ii) altered rates aftment release, (iii) uptake of phenolics into
plants.
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RELATIONSHIPS BETWEEN EARTHWORM POPULATIONS AND
MANAGEMENT INTENSITY IN CATTLE-GRAZED PASTURES IN| RELAND

James Curry, Paul Doherty, Gordon Purvis and Gtah&dt
UCD School of Biology and Environmental Science,

Agriculture and Food Science Centre, Universityl€gd Dublin,
Belfield, Dublin 4, Ireland. E-mailames.curry@ucd.ie

While an earlier survey of earthworm populationssixty-eight pasture fields in Ireland
had revealed a significant, positive relationshiptween management intensity and
earthworm biomass (Muldowney et al. 2003), the dataibited a great deal of inter- site
variability, probably reflecting local managemerndnditions. This paper reports new
results from randomised, large field plot experitseaonducted on three grassland research
farms located on medium-textured mineral soils @lblSead Co. Tipperary, Grange Co.
Meath and Johnstown Castle, Co. Wexford. The empmri at Solohead involved four
levels of fertilizer application (80, 175, 225 af80 kg N ha-1), and the plots were
rotationally grazed for appropriate intervals byrgdaows. Three levels of fertilizer were
compared at Johnstown Castle (0, 225 and 390 K9 had two at Grange (100 and 225 kg
N ha-1), and the plots at these sites were rotalfipgrazed by suckler cows and followers
or dry cattle.

Between 10 and 15 species were recorded per sitke, Allolobophora chlorotica and
Aporrectodea caliginosa being dominant. Other abohdpecies included Aporrectodea
rosea, A. longa, Lumbricus terrestris, L. friendi, festivus, L .rubellus and Satchellius
mammalis. Mean earthworm densities per treatmenges from 198 to 324 ind. m-2 and
biomass from 60 to 176 g m-2. ANCOVA revealed gn#icant overall relationship
between management intensity as indicated by Ncgin rate and earthworm density

(F = 18.24, P = 0.024) and biomass (F = 26.14, B.045). There was considerable
variation between the three sites, but in no caas earthworm populations adversely
affected by intensive management.

It is likely that any adverse effects of tramplirapn earthworm populations were
compensated for by increased dung and plant litfarts. The presence of high earthworm
populations is potentially an important factor suatertacting adverse effects on pasture of
soil compaction at high stocking levels, especialiyheavy soils liable to poaching.
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MODELLING AT REGIONAL SCALES THE POTENTIAL AVAILABL E
RESOURCES FOR SUSTAINING EARTHWORM POPULATIONS

Fox', Catherine, Jarvislan, and Monika Joschko

Agriculture and Agri-Food Canada, Canada and ZAWEncheberg, Germany;
[foxc@agr.gc.ca]

The extent of population abundance of differenttre@orm species across agricultural
landscapes at regional scales is in direct respngariations in environmental properties
and influences from cropping and tillage managemdsnvironmental attributes such as
soil, climate, and topography define the set ofuratavailable resources or inherent
conditions that exist across the landscape. Ferdifferent earthworm species one can
from field observations and literature sources mhetge and identify the ecological
preferences to various soil types, temperature randture ranges and influences from
changing topographic position in the landscapantthis knowledge of the environmental
resources required, one can in general identifgdaape areas at regional scales that would
be conducive to either supporting or limiting eamihm population growth; that is, the
inherent natural potential. In addition environt@nattributes, cropping patterns and
tillage management will affect the extent or amyolg to which the existing inherent
natural potential can sustain earthworm populadibundances. Depending on crop type
and tillage system, there will be differences ia #mount of crop residues and the extent of
disturbance from tillage operations that will afféoth availability of food resources and
soil habitat. By recognizing these interactingluahces from both environmental
properties and agricultural activities provides @ams by which to identify across regional
scales the set of resources that are potentialgiladble for sustaining earthworm
populations. A modelling approach based on Geducafnformation Systems (GIS)
methodologies is being proposed for identifyingedional scales the potential extent of
available resources.

The 8" International Symposium on Earthworm Ecology
4" _ g" September Krakéw, Poland



Oral 24(C
LAND USE CHANGE, EARTHWORM DIVERSITY AND ACTIVITY, AND SOIL
EROSION

P. Jouquét J. Mathied, N. Bottinellt, P. Podwojewskj D. Orangé T. Toart

! Laboratoire d'Ecologie des Sols Tropicaux, IRDA32nue H. Varagnat, 93143 Bondy
Cedex, France.
2 Dong Ngac Commune, Tu Liem District, Hanoi, Viema

A lot of articles deal with the effect of soil matauna (termites and earthworms) on soil
properties and ecosystems functioning. These gsuim@s are usually considered to
positively affect soil organic matter decompositamd nutrient cycling, then increasing the
concentration of nutrients in their biogenic stuwes (casts, sheetings, nests, galleries...)
and promoting the growth and diversity of planthey are also considered as good
indicators of soil quality in term of soil structlirstability. However, there is a paucity of
data concerning their impacts on tropical ecosysteith steep slopes.

This study is part of the MSEC project (Managen@n$oil Erosion Consortium), which
examines the effects of land use changes on smsi@r on a regional scale in southern
Asia. The aim of this study is to analyse the éffexf land use change on (1) earthworms,
in term of diversity and abundance, and (2) dynamhisoil aggregates and nutrients, in an
experimental watershed in Vietham (Dong Cao Villagea Binh Province).

Land use management had a major effect on the sm®position and diversity of
earthworms, probably due to changes in the quaatity quality of available litter. Annual
crop plantations (cassava, Bracharia and fallowjewaharacterized by endogeic species
(mainly Pheretima californicathat has little effects on soil surface. Conviysine forest
and eucalyptus plantations were characterized hgewp species (mainlyPheretima
leucocircg that produced large, globular and very water Istalasts on the soil surface.
The activity ofPh. leucocircaled to a typical granular soil structure that essed surface
roughness, and infiltration, as compared to theuahmplantations. As a consequence,
earthworm activity led to an increase of waterlirdtion, a decrease of water runoff and
soil erosion. Although soil cover plays an undiggutole on soil conservation, our data
clearly show that other biological parameters, aspecially earthworm populations, must
not been neglected in studies of the determindrgsiberosion.
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EFFECTS OF AGROCHEMICALS (FERTILIZERS AND INSECTICI DES) ON
JUVENILE EARTHWORM POPULATION DENSITIES IN SEMI-ARI D
TROPICAL RICE ( ORYZA SATIVA L.) PADDIES (INDIA

M. Vikram Reddy and A. Narayana Goud

Department of Zoology, Kakatiya University, Warah@gfndhra Pradesh), INDIA
Present Address for Correspondance: Departmentabfy and Environmental Sciences,
Pondicherry University, Pondicherry 605 014, INDIA

Earthworms are most important beneficial soil anén@mneliorating the physico-chemical
and useful microbial characteristics of the so#éridus contemporary agricultural practices
such as application of different agrochemicalscaffee earthworm populations and their
activity either adversely or favorably. These atpemicals are used indiscriminately in
agriculture in the tropics. Therefore, the effeofsfarmer’s doses of different chemical
[Urea and Diammonium phosphate (DAP)] and orgamiarin Yard Manure (FYM)]
fertilizers and organochlorine [Antio, Dimecron aflsalux] and organophosphate [Methyl
Parathene, Monocrotophos and Dimethiote] inse@&imh densities of three different age-
groups such as juveniles, pre-adults and adultacgheorm populations were monitored
and assessed during three crop seasons in theaseniropical wetland rice agriculture
fields at Gadwal in Mababoonagar district (15 Bband 17 20’E) of Andhra Pradesh in
India, which showed that the fertilizers, both cleah and organic did not show any
significant effect on the population densities@dtochaetona phillott{Michaelsen) after
30 days of broadcasting in the rice nursery systerd®wever, its juvenile population
reduced (38 times) significantly in densities ie thurseries treated with Urea and DAP and
increased in the FYM treated nursery systems #ftedays of broadcasting compared to
the control ones [ANOVA: P<0.01]. Further, it wamihd that the response of the juvenile
population densities dfampito maurittiKingberg to different doses of Urea in rice fields
(after transplantation of rice plants from the euiess) showed two to six fold increase in
the population densities in treated paddies conap@réhe control ones (ANOVA: P<0.05].
The response of population densities of differgy@-groups oD. phillotti after 30 days of
broadcasting of FYM in the fields depicted a twidftncrease of juvenile populations in
the paddies compared to that of the control on®&JXA: P<0.05].

The response of population densities of the thgeegroups of.. mauritti after 30 days of
treatment of different organochlorine insecticidbswed that the densities of its juveniles
decreased about two folds under Ekalux and thrkis fander both Antio and Dimecron
treated paddies leading to half to two fold deceezfsthe total population of the earthworm
compared to that of Control ones [ANOVA: P<0.01pwever, the population densities of
juveniles, pre-adults and adults of bdih Phillotti and L. mauritii though decreased in
response to the organophosphate insecticide appficafter seven and 30 days, but such
decreases were not statistically significant. Tfueee it is concluded that these
contemporary agricultural amendments showed simfi effects on the juvenile
earthworm populations in the rice agro-ecosysteiims; application of nitrogenous and
organic fertilizers significantly increased the gmile population densities of O. phillittii
and L. mauritii, whereas the persistent organodioimsecticides significantly decreased
their abundance while organophosphate insectiadé&sot show any significant effect on
their densities.
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ACIDIFICATION AND SOIL REHABILITATION OF ATLANTIC
BROADLEAVED FORESTS ON LOAMY SOILS USING EARTHWORM
REINTRODUCTION: AN EXAMPLE OF ALTERNATIVE STABLE ST ATES?

Bart Muys (1), Raf Aerts (1), Jan Valckx (1), H&Bweté (2), Bruno de Vos (2)

(1) Division Forest, Nature and Landscape, Katlkaligniversiteit Leuven, Celestijnenlaan
200E, BE-3001 Leuven

(2) Flemish Institute for Nature and Forest RedeéifdBO), Gaverstraat 4, BE-9500
Geraardsbergen

This paper hypothesizes that Atlantic broadleawsdsts on loamy soils as they occur in
Central Belgium and elsewhere are examples ofraltime stable states (sensu Scheffer et
al., 2001; Scheffer and Carpenter, 2003). Accardim this theory many aquatic and
terrestrial ecosystems show multiple equilibrisgleaharacterized by a specific ecosystem
state in terms of biomass, productivity, specie®imity, or other ecosystem performances.
The ecosystem may move from one equilibrium to lagoas a consequence of degradation
or rehabilitation. The lower ecosystem state behey stronger attractor, shifting from a
higher to a lower stable state as a consequenaalegradation process is more likely than
the opposite through a restoration process. Usittg flom literature and own observations
we recognize this pattern in Atlantic broadleaverk$ts on eolic loess, where the original
highest stable state, being a plant species-ricsfoon a carbonate-buffered soil with
vermimull humus has disappeared since long whenugper layers ran out of carbonate.
Depending on the degradation history (level of lasmextraction, dominant tree species,
level of acid precipitation) most of these forastside in the mesotrophic stable state, being
a rather plant species-rich forest on a base cétiffered soil with an acid mull humus, or
in the oligotrophic stable state, being a plantcgsepoor forest on an aluminium-buffered
soil with a moder humus. There are different reasamy the oligotrophic state is a
stronger attractor and thus a more stable statettt&amesotrophic one, among which the
fact that acid cations are more strongly boundhenetxchangeable places than base cations,
and the fact that the disappearance of endogeiceapdcially anecic earthworms in the
pHu20 range 4-4.5 is a semi-irreversible process duthéoslow migration rates in this
spatially continuous hostile environment. It isoalg/pothesized that shifting back from the
oligotrophic to the mesotrophic state is only pblesthrough an active restoration process,
in which several driving forces are modified simankously. This is illustrated by
comparing results of soil rehabilitation effortern literature, where only one factor was
corrected (mostly by liming) with results from owwn integrated rehabilitation
experiments, where tree species change, fertitimaéind earthworm reintroduction were
combined.
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