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Abstract A greenhouse mesocosm experiment, repreearthworm species was no greater than that o€rrestris
senting earthworm-free North Americakcerdominated and/orL. rubellusalone. This study corroboratééld stud-
forest Xoor and soil conditions, was used to examine thés that European earthworm invasions alter North American
individual and combined\ects of initial invasion by three forest ecosystem processes by initiating a cascade of impacts
European earthworm specieDepdrobaena octaedra on plant community composition and soil properties.
Lumbricus rubellusandLumbricus terrestrison the forest

Xoor and upper soil horizons, N and P availability, and th&eywords European earthworms - Invasive species -
mortality and biomass of four native understory plant spetumbricidae- Northern hardwood forests - Plant mortality
cies @cer saccharumAquilegia canadensjsiralia race-

mosa and Carex pensylvaniga All the three earthworm

species combined caused larger impacts on most variabliegroduction

measured than any single earthworm species. These

included loss of O horizon mass, decreased thickness of tBarthworms sect many aspects of the plant growth environ-

O horizon and increased thickness of the A horizon, anghent. They alter the populations of bédial microorgan-
higher availability of N and P. The lattéwiding dMers isms, pests and diseases, plant growth regulating substances,
from Vld reports where nutrients were less available aftarause physical changes\ie root systems and soil struc-
invasion, and probably represents an initial transierture, and change the availability of water and nutrients,
increase in nutrient supplgs earthworms consume andimproving plant growth in the vast majority of cases studied,
incorporate the O horizon into the A horizon. Earthwormsespecially in regions where earthworms are native and in
also increased mortality of plants and decreased total mesagriculturalVélds (Blouin et al2006 Brown et al.2004).

cosm plant biomass, but hettee impact of all the three In stark contrast, earthworms can cause forest decline
and loss of native plant specias cold-temperate forests
that were previously earthworm free (Frelich et24106.
Across the cold temperate regions of North America, Euro-
pean earthworms have changed ecosystem structure and
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2004 Suéarez et al2004 Bohlen et al.2004h Hale etal. tially on freshly fallen leaf litter, rather than the accumulated
20051. However, it is possible that variability in the soil forestfloor layer (Hale et ak005g, and forms deep, persis-
environment in thefield could account for somefects tent vertical burrows. Large amounts of cast material are
attributed to earthworm invasion, a situation that could bdeposited in the burrows and at the surface (Pitkdnen and
remedied by controlled experiments to examine ffeces  Nuutinen1997). Although L. ferrestris can consume large
of exotic earthworms on soil properties and plant speciemmounts of surface litter (Knollenberg et 24885 Cothrel
growth and survival without other confounding factors.  etal. 1997 its burrowing habits and the pattern of forest
In addition to confounding environmental factors, severafloor removal in théield during invasion may be less disrup-
earthworm species commonly invade concurrently (Albative to the upper soil horizons where most plant roots are
and Berry1994 Dymond et al1997 Bohlen et al20043, concentrated thah rubellus (Hale et al20058.
each with spefic burrowing and feeding behaviors that can Based on these previous studies we hypothesized that the
lead to dfferent impacts (Bouch£977 Shaw and Pawluk magnitude of impacts to O horizon mass, O and A horizon
1986 Lavelle1997), so it is dfficult to determine the impor- thickness, nutrient availability and plant mortality and bio-
tance of any particular earthworm species on the changesrimass would, among species, be leasDXascteadra, inter-
soil properties and plant species composition (Bohlen et aiediate foll. terrestris and largest foL.. rubellus. Because
20043. Again, controlled experiments withffdirent earth- the three earthworm species are irffedent functional
worm species or combinations thereof are needed to undgroups, with dierent types of impacts, we hypothesized
stand whether the flierent burrowing and feeding behaviorsthat the impacts would be greater for the treatments includ-

have diferent éfects on soils and plant communities. ing all three species than for any one species, even when
For this study, greenhouse mesocosms that represdsibmass is taken into account.
earthworm-free foredtoor and soil conditions seenfield We studied four native understory plant species that

sites prior to invasion (Hale eta20053 were used to were shown to have ftitring responses to earthworm inva-

examine the fects of invasive earthworms. Thest objec-  sion in previous studies where plant community compaosi-

tive was to see whetheraehmpacts found in théeld also tion was compared on either side of earthworm invasion

occur under controlled conditions, and the second was feoonts at four hardwood forests sites in Minnesota (Hale

disentangle the impacts ofdividual earthworm species. etal.2009. Carex pensylvanica, a non-mycorrhizal native

The impacts of three invasive earthworm species were stugedge species, was the dominant native plant species fol-

ied on: (1) the foredloor (O horizon thickness and mass);lowing earthworm invasion in thgeld (Hale et al20086.

(2) properties of the upper mineral soil horizons (i.e., Mralia racemosa is a large, perennial herbaceous species

horizon thickness and the availability of N and P); and (3)hat was mostly eliminated following earthworm invasion

the mortality and biomass of selected native plant speciesin field sites. The abundanceAfer saccharum, the domi-
Three common European earthworm species withrdi  nant tree seedling in tHeeld sites, also declined following

ent feeding and burrowing behaviof3eqdrobaena octae-  earthworm invasiondralia andAcer are strongly mycor-

dra, Lumbricus rubellus and Lumbricus terrestris) were  rhizal species with much thickébrous root systems than

included in the experimenD. octaedra is a small £2—  Carex (Brundrett and Kendrick988 C. M. Hale, personal

4 cm) litter-dwelling (epigeic) species that feeds primarilyobservations)Aquilegia canadensis is a mid-sized peren-

on microorganisms associated with decaying surface litterial herbaceous species that is common in temperate hard-

(Scheu and Parkinsat994 McLean and Parkinsod00Q.  wood forests, including some forests that have been

In previousfield studiesD. octaedra has not been associ- invaded by earthworms for several decades (Hale etal.

ated with changes in forebor and soil horizon thicknesses 1999 personal observations) suggesting that this plant spe-

or changes in plant communities (Gund2092 Hale etal. cies may be more tolerant of earthworm invasion than

2005abh). L. rubellus is a medium sized3—7 cm) surface- Aralia. Based on thesfield studies we hypothesized that

dwelling (epi-endogeic) species that feeds on surface littéhe dfects of earthworms on plant mortality and total plant

but also burrows and casts in the upper mineral soil laydriomass would be greatest fécer andAralia, intermedi-

(Rozen1988 Hendriksenl99Q Hendrix et al.1999 and is  ate forAquilegia, and least foCarex.

commonly found intimately associated with plant roots, sug-

gesting that this species actively feeds in the rhizosphere

(Piearcel978 C. M. Hale, personal observations).fleld = Materials and methods

studies,L. rubellus has been associated with rapid removal

of the O horizon and changes in the abundance and comggxperimental design and mesocosm assembly

sition of forest understory plant communities (Gundale

2002 Hale et al.2005h 2009. L. terrestris is a large{£8— A randomized and fully crossed block design consisting of

15 cm) soil-dwelling (anecic) species that feeds prefererfive plant treatments anfive earthworm treatments was
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