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Over the past several decades, invasive species have become one of the largest issues in 

the field of ecology.  Invasive earthworms have received much attention, especially in northern 

North America, where native earthworms were extirpated by Pleistocene glaciations and the 

more recent earthworm invasions have altered Northern Forests significantly.  These invasions 

were primarily by European species and invasions elsewhere in the continent by other earthworm 

taxa have received less attention.  We studied the impacts of invasion by Asian earthworms in 

the genus Amynthas in a field study and two laboratory studies.  Amynthas agrestis invasion in 

the Great Smoky Mountains National Park was found to be a dynamic process on monthly time 

scale.  This invasion altered soils by decreasing the depth of partially decomposed organic 

horizons and increasing soil aggregation.  A significant decrease in millipede abundance and 

species richness was also associated with the invasion, which suggested competitive interactions 

between the epigeic earthworm and epigeic millipedes. 

To further examine this interaction, two microcosm studies were performed.  The first 

study used 13C enriched Red Oak and Eastern Hemlock litter to assess millipede 

(Pseudopolydesmus erasus) and earthworm (Amynthas corticis) food preference.  Negative 

effects of earthworms on millipede 13C assimilation were observed as was a mitigation of 



earthworms’ impacts on soil aggregation by millipedes.  A. corticis caused significant soil 

aggregation throughout microcosms and increased respiration rates relative to millipede and 

control treatments. 

The second microcosm experiment examined millipedes’ (Sigmoria ainsliei) and 

earthworms’ (Amynthas agrestis) reliance on fresh versus partially decomposed litter as a food 

resource and whether there was direct competition for these resources.  These taxa were found to 

compete for partially decomposed material and millipedes relied on this resource for survival. 

The results of these studies suggest that Asian earthworm invasion in the southern Appalachian 

Mountains poses a threat to the millipede species endemic to this region.   

 In another set of experiments we studied the effect of temperature on Amynthas agrestis 

survival, hatching rates and life history strategies.  The aim of the first experiment was to 

determine if A. agrestis was capable of surviving in the ridge-top soil along an invasion front in a 

mesic–xeric habitat gradient in GSMNP. Additionally, this study sought to determine optimum 

and tolerance conditions for A. agrestis within a range of soil moistures and temperatures. 

Investigating soil temperature and moisture as parameters of earthworm survivability will 

allow for more predictive power when investigating the GSNMP invasion. Using incubators and 

PVC tube microcosms, it was determined that A. agrestis was able to survive in the GSMNP 

ridge-top soil at temperatures of 12 °C and 25 °C. No survival was observed at temperatures of -

5, 5, or 35 °C at any soil moisture level. No survival occurred in 25 °C dry (8% gravimetric 

water) treatments. Of the conditions tested, maximum survival plus fresh-weight maintenace 

occurred at 12 °C and mid-moisture (24% gravimetric water), but highest activity and effects 

on litter and soil structure occurred at 25 °C and high soil moisture (57% gravimetric water; fi 

eld capacity). Soil moisture contributed to the success of A. agrestis at higher temperatures 



within the tolerance conditions; more moisture increased the survival rate and decreased weight-

loss. 

The hypothesis that hatching is temperature dependent was tested by gradually lowering 

cocoons from three distinct populations of A. agrestis into randomly assigned temperatures 

(either 5, 10, 15, 20, 25, or 30°C) and assessing hatching rates.  We also assessed hatching rates 

of cocoons held at 5, 10, or 15°C for 15, 30 or 60 days to determine if length of time spent at a 

given temperature affected emergence.  As expected, temperature was a determining factor in A. 

agrestis hatching but 10°C was the optimal temperature at which hatching occurred, regardless 

of time.  Hatching rate was also highest in cocoons held at 10°C for 60d versus 15 or 30d or any 

other temperature.  Although temperature was believed to be the determining factor in hatchling 

emergence, 10°C was not expected to be the optimal temperature for emergence of A. agrestis 

due to their subtropical origins.  These life history results are another step forward in the 

understanding of the invasive success of A. agrestis and other Asian invaders and could have 

implications in invasion biology as well as global climate change. 

 Finally, we examined the direct and indirect effects of prescribed fire and wildfire on 

survival of invasive, epigeic earthworm species commonly found in forest ecosystems of the 

Southeastern United States.  It was hypothesized that fire would significantly impact survival of 

invasive, earthworm species either 1) through a lack of food resources following fire, or 2) 

through direct mortality of earthworms from fire.  To test direct mortality of earthworms during 

fire, prescribed fire in an eastern deciduous forest was simulated and earthworm mortality was 

assessed.  To test the post-fire effects on earthworms after a wildfire, intact soil cores were 

collected in the Great Smoky Mountains National Park after a wildfire and earthworms were 

introduced.  Survival and biomass loss of earthworms were assessed and chemical analyses were 



performed on the soil.  No direct mortality of earthworms due to fire was seen in this study but 

indirect mortality and significant loss of biomass post-fire was seen.  Earthworms in soil that 

experienced wildfire continuously lost biomass whereas earthworms in soil that had not been 

burned gained biomass after four weeks, and then lost.  After chemical analyses, a mechanism 

for earthworm mortality could be detected: starvation.  These results could be used for future 

policy decisions on land management strategies as well as a possible way to abate invasive 

earthworm spread. 
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