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Summary. Earthworms can alter the physical, chemical, and biological properties of a forest 
ecosystem. Any physical manipulation to the soil ecosystem may, in turn, affect the activities 
and ecology of earthworms. The effects of organic matter removal (logs and forest floor) and 
soil compaction on earthworm activities were measured in a central hardwood region (oak- 
hickory) forest in the Missouri Ozarks. Soils in this region are characterized by a cherty resi- 
duum that is primarily of the Clarksville series (Loamy-skeletal, mixed, mesic Typic Pale- 
dults). Earthworms were collected from a 15 cm depth each spring and fall for 2 years by the 
handsorting method and estimated on a per meter square basis. Two earthworm species, 
Diplocardia ornata and Diplocardia smithii, were the most dominant native species found in 
the site. Organic matter removal decreased the average individual biomass of both species. 
However, these species responded differently to soil compaction. Soil compaction affected 
D. orrzata adversely and D. smithii favorably. This suggests that the degree of soil compaction 
was not restrictive to D. smithii (2-mm dia) but it was to D. ornata (5 mm dia). Moreover, the 
apparent better soil environmental conditions resulting from the remaining organic matter in 
compacted soil enhanced D. smithii population and growth. Sampling position affected 
D. orrzata but not D. smitlzii. Other factors influencing the ecology and activity of these two 
species will require further study. 

Key words: Earthworm, organic matter, compaction, hardwood 

Introduction 

Any physical manipulation to the soil ecosystem may affect the distribution, activities and 
ecological environment of earthworms. In forest soils where logging and harvesting may be 
common commercial practices, the long-term effect of these practices on soil productivity 
and forest health are of great concern to researchers and the national forest service. Manage- 
ment practices that ensure long-term sustainability of forests are a national priority (Ponder & 
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Mikkelson 1995) set forth by the forest service through a network of coordinated long-term 
experiments established across the United States. In Missouri, the experiments focus on the 
long-term impacts of soil compaction and organic matter removal (merchantable logs, boles, 
and forest floor removed) on various soil properties. 

Soil compaction from the use of heavy logging equipment in forest ecosystems or from 
tractors in agricultural systems have been studied for a number of years (Youngberg 1959; 
Dyrness 1965: Lindermann et al. 1982). The effects of compacted soil on plant growth and 
root development is also well documented in the literature (Froehiich 1979; Lindemann et al. 
1982). However, very few studies are on the impact of soil compx~on  on native earthworm 
species and microbial activity in forest soils. Furthermore, any manipulation like harvesting 
and removal of the organic matter (logs, boles, or forest litter) may have an effect on the 
microbial and earthworm activity. The objective of this study was to evaluate the effects of 
soil compaction and organic matter on two native earthworm species, microbial activity, and 
soil properties in an oak-hickory forest in southeastern Missouri. 

Materials and Methods 

The study site was located on an area of the Missouri Department of Conservation Carr Creek State Fo- 
rest in Shannon County near Ellington, Missouri. The site is the location of a USDA Forest Service 
Long-Term Soil Productivity Study (Powers et ai. 1989). The soil at the site was a loamy-skeletal, mi- 
xed, mesic Typic Paledults. The mean annual precipitation at this site is I12 cm and the mean annual 
temperature is 13.3 "C. The study is located on the upper northeastern-facing side slopes (20-28 %) of 
two parallel ridges. The oak-hickory timber is the major forest type in the Central hardwood region and 
occurs over a variety of soils, relief, and stand conditions. 

The experiment was a three factor randomized complete block design (RCBD) with two levels and 
three replications. Experimental factors were organic matter removal (OMQ and OM,) with OMo re- 
presenting plots with only mrchantable logs removed and OM, representing all above ground biomass 
(including logs) plus the forest floor. The forest floor was removed initially by raking the material from 
the plots. Soil compaction included no compaction, Co and severe compaction, C2 with a bulk density 
to 1.8 g cm-3. Soils have been compacted to a depth of 30 cm by removing logs with a skidder and using 
a roller to severely compact the soils. Sampling position was also a factor which included samples from 
the top or the bottom of the plot. 

Earthworms were collected from a 15 cm depth (30.5 x 30.5 cm) each spring and fall for two years. 
Earthworms were anesthetized with 70 96 ethanol and preserved in 10 % formalin and later identified 
using the somatic key of James (1990). Ash-free biomass (AFB) was determined by the method of Par- 
melee et al. (1990). 

Soil samples were taken from a 0-15 cm depth and kept cool until subsequent laboratory analyses. 
For each soil sample, soil moisture (MC, dried at 105 OC for 24 hours), soil inorganic N, (SIN, 0.5 M 
k,SO, extract) and soil microbial C and N (SMBC, Honvath & Paul 1994 and SMBN, Brooks et al. 
1985, respectively) were determined. 

Data were analyzed by ANOVA (SAS 1989) using split plot with treatments as the mainplot and sam- 
pling time as the subplot to account for repeated sampling of the same experimental plots. Duncan 
Multiple Range Test (DMRT) and Least Significant Difference (LSD) mean separation tests were 
used where significant differences occurred. Pearson correlation was used as a simple correlation ana- 
lysis. 

Results 

Diplocordin ornatG (5-mm, diameter) and Diplocardia smithii (2-mm, diameter) were the do- 
minant native species found in this oak-hickory forest in Missouri (USA). Total populations 
of earthworms collected from the site increased with time. Both D. smithii and D. ornata were 
responsible for this increase (Fig. 1). The buildup in D. smithii population was more rapid 
than D. ornata. In 1997, D. smithii population exceeded that of L). omata, 16 5% more in 
spring and 4 $5 more in the fall (Fig. 2). D. smithii had an annual variation while D. omata 
had a seasonal variation (Fig. 2) due to higher number of juvenile species. 

Pedobiologia 43 ( 1999) 6 803 



Fig. 1. Mature earthworm populations distribution based on total populations of both species including 
juveniles 

1996 1 997 1996 1 997 
Diplocardia smithii Diptocardia omata 

Fig. 2. Mature earthworm densities in spring and fall of 1996-1997 

Organic matter removal significantly affected D. smithii and D. ornata averaged AFB 
and all the soil properties measured (Table 1). There was a positive correlation between 
D. smithii averaged AFB and SIN and a positive correlation between D. ornata averaged AFB 
and SMBC (data not shown). Diplocardia smithii individual AFB, L). ornata individual AFB, 
MC. SIN, SMBC, and SMBN decreased with organic matter removal (Table 1). D. ornata 
population and AFB decreased with soil compaction while D. smithii population and AFB 
increased with soil compaction. 

Soil compaction affected D. smithii and D. ornata quite differently (Table 1). Soil corn- 
paction had an average positive effect on D. smithii but a negative effect on D. ornata. Signifi- 
cantly greater D. ornata population and AFB were found in noncompacted soil than in com- 
pacted soil. Significant positive effect of soil compaction on D. smithii was recorded in spring 
and fall 1997. 

804 Pedobiologia 43 ( 1999) 6 
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Sampling position significantly influenced all D. ornata variables (Table 2). Significantly 
more D. ornata were found in the bottom of the plot compared to the top of the plot. Sampling 
position did not significantly affect any of the soil properties, soil moisture, soil inorganic N 
and soil microbial biomass C and N. Slightly greater soil moisture and soil microbial biomass 
C were seen at the bottom of the plots. 

Table 2. Effect of sampling position on earthworm variables and soil properties, USDA- FS, 
1996- 1997" 

- - 

Sam- Diploccr rdiir smitlzii ~ i ~ l o c a r d i a  ornata Soil properties* 
pling 
position population AFB* AFBY population AFBS AFBP MC SIN SMBC SMBN 

nurlzher tn-2 g i n - g  gpri number m-2 g m-2 g p r l  5% mg kg-! mg kg-' mg kg-' 

Top 3.2 a 0.327a 0.083a 3.0b 0.793 b 0.278 b 27.04~1 27.3a 626a 107.6a 
Bottom 5.7 a 0.489a 0.078a 6.9a 1.972a 0.296a 27.65a 22.4a 636a 109.5a 

* Mean separation by Duncan at P 50.05. 
T MC - moisture content: SIN - soil inorganic N; SMBC and SMBN - soil microbial biomass C and N. 
a Total earthworm ash-free biomass in' asquare meter area. 

Individual earthworm averaged ash-free biomass 

Moisture content had a highly significant positive correlation with SIN, SMBC, and 
SMBN (data not shown). Soil inorganic N had a positive correlation with both SMBC and 
SMBN. Additionally, SMBC and SMBN had a highly significant correlation. 

Discussion 

Organic matter (OMo) which remained on the plots increased each earthworm species growth 
and population and also increased soil moisture, soil inorganic N and soil microbial biomass 
C and N. Soil compaction (Cz) affected each earthworm species differently. Diplocardia 
srnitlzii population growth were not inhibited by severe soil compaction compared to D. or- 
nata. Significantly greater growth and population of D. ornata was observed in noncompac- 
ted plots. Our findings on the negative effects of soil compaction on earthworms were con- 
sistent with other researchers (Bostrom 1986; Pilz 1992). Pilz (1992) also suggested that 
earthworms might have a loosening effect on compacted soil. 

Seasonal effects (spring vs. fall) are important considerations when describing the distri- 
bution of D. ornata in this ecosystem. Juvenile populations tended to dominate regardless of 
species and time of year suggesting that both earthworms reproduce throughout the year. This 
is consistent with the findings of James (1990) for D. srnithii. 

Sampling position (top vs. bottom of the plot) had a significant effect on D. ornata. This 
may be due to a slight increase in soil moisture and food source at the bottom of the plot. 
However, these factors are confounding and further study is required. 
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