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Earthworm invasion is a lens through which to view ecological theories 

on trophic cascades, ecological cascade effects, and biological invasion
Å Trophic cascade: predator-prey (including herbivore) effects; 

top down or bottom up through predator or producer changes

Å Ecological cascade effect: broader term for many types of changes that 

propagate through an ecosystem

Trophic cascades thought to be strong in aquatic systems and terrestrial 

systems with simple food webs

Callan, Nibbelink, Rooney, Wiedenhoeft, and Wydeven. 2013. J. Ecol 101: 837-845.



Trophic levelðwhat does it mean for earthworms? Where 

are detritivores in most trophic pyramids?

What has been studied:

Å So-called brown-field tropic cascades based on dung and its decomposers

Å Falling detritus consumed at various depths and lake or ocean bottom

Econguru: Fundamentals of Ecology
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Earthworms are:
ÅMacrofauna decomposers

ÅMobile hot spots for microbial decomposers within, as well

as influencing other decomposersðmicrobial biomass and function

We commonly think about removing predators at top 

of the pyramid or changing growth of primary producersð

but not so much about sideways entrance into the pyramid 
through a decomposer pathway 

Iôm a mobile hot spot



Earthworms are also engineers

that alter energy flow, but also 

physical environment within the 

soil (density, temp, H2O, nutrients) 

Earthworms eat the habitats of

other species

What trophic and ecological 

cascade effects will this 

combination of many types

of change cause? 

What happens when we step on the gas pedal 

that controls rate of decomposition? 

Earthworms provide that experiment on a grand scale! 

From Wikipedia



Anecic: Lumbricus terrestris (nightcrawler) 

~ 1 in.

Earthworm functional groups

Epigeic: Dendrobaena octaedra

Epi -endogeic: Lumbricus rubellus Endogeic: Aporrectodea caliginosa



Earthworm functional groupðfundamental engineering effects

Epi-endogeic and epigeic (L. rubellus, Dendrobaena, Dendrodrillus)

Speed up litter decayðloss of litter habitat, loss of physical effects of litter,

loss of water absorption capacity, insulation of soil temperatures

Endogeicð(Aporrectodea rosea, caliginosa, longa, trapezoides, Allobophora

chlorotica, Octolasion cynaeum, O. octaedra); loss of litter, compact soil, 

integrate OM into thick black A horizon, leaching, soil mineralogy effects 

leading to effects on N, P, K, Ca, Mg availability

AnecicðL. terrestris. Eat fresh litter, maintain bare soil, predator on seedlings

Beverly Van Praagh



Sampling earthworms in the field
Photos: Alex Roth



Five stages of invasion
Stage 1

Worm free
Stage 2

Epigeic only

Stage 3

Endogeic

and epi-

endogeic 

invade

Stage 4

Increasing 

Biomass

and a few L.

terrestris

Stage 5

High biomass,

L. terrestris dominated

Loss, Hueffmeier, Frelich,

Host, Sjerven and Hale. 2013

Natural Areas Journal 

33: 21-30



Stage 2, Dendrobaena only

Stage 3, + Aporrectodea ssp.

and L. rubellus

Stage 5, + L. terrestris

Photos: J. Schlaghamersky



Soil cores from the 

same location in 2000

and 2010é

note color change and

reduction in thickness

of organic horizon
Photos: Dave Hansen and George Schlaghamersky

2000 2010



Base of balsam fir, stage 5 earthworm invasion, and 

European earthworms in the BWCAW. Photos: Doug Wallace, David Chaffin

Plant community and native species



Invasion was most strongly related to 

campsites, portage trails, and motorboat lakes

Map by David Chaffin



How earthworm invasion affects the environment

Micro cascadesðsmall-scale ecosystem processes that are related to

fundamental engineering effects, e.g. loss of O horizon, soil BD, water, 

temperature and nutrient cycles

Macro cascadesðextended ecological cascade effects and trophic 

changes of concern to human society at large spatial extents



The complex of micro cascades leading to fundamental 

effects on soils (blue arrows), and secondary/tertiary effects

on plants (green arrows), and animals (purple arrows)

Direct effects

on seeds

Soil structure;

bulk density,  

organic horizon

Earthworms
Seedbed

Microbes,

mycorrhizas

Water

C, N, P, K, 

Ca, Mg 

pH

Individualistic 

effects on plant 

species populations

Plant community

change

Animal species

effects



Fundamental
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effects

Exotic 

earthworms 
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Nitrate leaching rates in 

riparian forest, northern 

WI

Soil and water quality



Dave Hansen

Soil and water quality


