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Abstract

Among the most pervasive intreduced animal taxa in North America are earthworms in the family Lumbricidae. Understanding
their patterns ol abundance is important in evaluating their potential impact on the native earthworm fauna. We examined the
relaiionship of the abundance of intreduced and native earthworm species, and compared so0il and vegetative attributes associated
with their abundance in five remnant forests within the Willamette Valley, Oregon. We detected two genera of native earthworms,
Toutellus (78.5% of native carthworms) and Argilophifus (21.5%, collectively, in 79 of the cxcavated soil samples. We detected
non-native lumbricids at all five remnants, in 86% of the samples, and we estimated an average of 1,136 kg of lumbricids/ha in the
top 25¢m of soil. We found a positive association between counts of lumbricids and the percent of organic matter and moisture
content. Greater depth of surface organic matter and sloped terrain were associated with the presence of Toutelius. We found a
positive association between abundance (counts/sample) of lumbricids and Toutellus. We found no direct evidence that the intro-
duced earthworm fauna was impacting native earthwoerm species, although we failed to detect numerous native species thar are
presumed to be present in the Willamette Valley, We recommend an experimental approach, coupled with field observations that
allow the estimaticn of species-specific detection probabilities, lor future research into the potential impacts of introduced earth-
wormns on the native launa, This topic deserves [urther attention given the ubiquily of introduced earthworms in North America.
Introduction survived in glacial refugia (Fender 1995). Physi-
cal barriers to dispersal, including the arid region
east of the Cascade Range and the Sierra Nevada,
may also have been important. Finally, human
migration introduced various European species
onto the continent through ship ballasts, potted
plants, and the fishing industry (Gates 1966, Fender
1995, Dymond et al. 1997).

Observations of native earthworms in a4 wide
range of conditions led Fender {1995) to suggest
that native species may have a much higher tol-
erance than introduced species for soils with high
clay content and low pH, an avoidance for sandy

Although unknown to most ecologists, there is a
diverse earthworm fauna in North America (Fender
1995). Earthworms in North America are divided
into two families, Lumbricidae and Megasco-
lecidae. The Lumbricidae includes most of the
introduced earthworm species in the western United
States and are native to Europe. The Mega-
scolecidae aure distributed in the southern hemi-
sphere and in northwestern North America, and
include most native western North American spe-
cies. The native earthworm fauna of the westen
United States contains at least 9 genera and 28

species, with many still undescribed (Fender and
McKey-Fender 1990, Fender 1995). Over 20 in-
troduced species have been described in this re-
gion (Fender 1985).

Three factors likely have influenced the bio-
geography of western earthworms, The Pleistocene
glaciation eradicated many native earthworms over
much of the continent although several species
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soils, and a preference for compacted soils along
game trails. Contrary to this view, Piearce (1984)
found a negative relationship between compac-
tion and occurrence of native earthworms, and
suggested that reduced soil porosity would im-
pede movement. Spiers et al. (1986) found higher
abundance of the native earthworm genus
Arctiostrotus in soils with pH of 2.6 to 6.2. This
limited understanding of earthworm ecology,
obtained from only a few studies, forms our cur-
rent understanding of the refationships between
native and introduced earthworms in North America.




We used this existing research to formulate our
hypotheses on the patterns of abundance and habitat
associations of introduced and native earthworms
in the Willamette Valley of western Oregon. West-
ern Oregon is well suited for investigations on
the potential impact of introduced earthworms on
the native earthworm fauna because of the abun-
dance and diversity of earthworms in the region.
We predicted (1) a negative relation between abun-
dance of introduced and native earthworm spe-
cies: (2) that native species would be more selec-
tive of soil and vegetative characteristics than would
introduced species; and (3) that native species
would increase in abundance in response to the
density of conifer trees, soil compaction, and per-
cent ¢clay in the soils.

Study Sites

We conducted our study in the Willamette Valley
of western Oregon, located between the Cascade
Range and the Coast Ranges. The climate of the
Valley is typically mild with wet winters and warm,
dry summers (Franklin and Dyrness 1973). We
selected five remnant forests from twelve sites in
which the Oregon giant earthworm (Driloleirus
macelfreshi) was previously found. Three sites
were excluded due to development and four sites
were excluded because of restricted access. All
tive sampled sites were adjacent to farmed land,
rivers, creeks, ponds, or sloughs, were ~70 mel-
evation, and ranged from 3 - 12 ha (Table 1). The
dominant overstory consisted of Douglas-fir
(Pseudotsuga menziesii), bigleaf maple (Acer
macrophyllum), Oregon white oak (Quercus

garrvana), red alder {Alnus rubra), and Oregon
ash (Fraxinus latifolia). Understory species in-
cluded English ivy (Hedera helix), Himalayan
blackberry (Rubus discolor), dull Oregongrape
(Berberis nervosa), Pacific blackberry (Rubus
ursinus), snowberry (Symphoricarpos albus), and
western swordfern (Peolystichum munitum),

Methods
Sampling

Within each of the five siles (remnant forests) we
established an array of points from which we
sampled earthworms and habitat characteristics.
We sampled each of the five sites twice, from
February-April 2000, when soils were moist and
above freezing. For each of the two sets of samples,
we randomly selected a distance and direction for
the initial sample point. Each subsequent sample
point (n=45 - 61 per site} was selected systemati-
cally, and spaced at 10-30 m depending on the
size of the site. At each sample point, we exca-
vated an area of 22 x 22 x 25 cm (~12,000 cm’®
soil removed) below the soil surface, following
methods described by Zicsi (1962) and Dickey
and Kladivko (1989}. We counted the number of
individuals of cach earthworm taxon detected by
hand-sorting the excavated scil (DDickey and
Kladivko 1989, Callaham and Hendrix 1997).
Fragments of worms were counted as one-half
worm (Dickey and Kladivko 1989). We identi-
fied earthworms to the level of family for
Lumbricidae or genus for native species.

TABLE . Charactenstics of remnant forests sampled in the Willamette Valley, Oregon. Winter 2000.

% Dominant Dominant
Remnant Size (ha) Soil Tyvpels) Slope Overstory Understory
Alderman 12.1 Woaodburn silt loam, 0-20 Douglas-fir, Western swordfern,
Woodburn silt clay loam bigleaf maple blackberry, snowberry
Belleview 8.1 clay, silty clay. clay loam 0-10 white oak, Himalayan blackberry,
red alder vy
Helmick 6.1 leam, clay loam, silty clay loam. <5 Douglas-fir, Western swordfern,
sandy clay loam bigleaf maple snowberry
Mallard 32 McBec silt loam 0 Douglas-fir, blackberry
white oak
Mission Bottom 5.7 silt loam, silty clay loam 20-40 Douglas-fir Western swordfern.
white cak blackberry
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Habitat Characteristics

We estimated habitat characteristics at every third
sample point and for all points in which we found
native carthworms. We estimated basal area of
coniferous and deciduous trees >12.5 cm diam-
eter at breast height (dbh), percent of shrub cover
(plants >1m in height and <12.5 em dbh), per-
cent of ground cover (< lm in height), soil char-
acteristics, and classified sample points into two
slope classes: hillside or flat.

Basal area of trees within a 5 m radius of the
center of the sample point was estimated from
dbh measurements. Shrub cover was estimated
separately for woody and herbaceous vegetation
{e.g., large ferns) using the line-intercept method
(Higgins et al. 1994), with cover recorded at each
cardinal direction along a 5 m transect from the
sample peint. Percent ground cover was estimated
by using the quadrat plot method with ocular es-
timates (Higgins et al. 1994), placing 0.25 m? plots
1 m from the sample point at each cardinal direc-
tion. Depth of surfacc organic matter (duff) was
measured by inserting a ruler into the layer of
organi¢ matter on top of the soil, 1 m from the
sample point at each cardinal direction.

Soil samples were collected from the A hori-
zon using a bulk density sampler with a volume
of approx. 100 cm’. Moisture content was calcu-
lated after oven-drying 10 g of sample at 105°C
tfor 24 hr, Samples were later air-dried for 3 d at
33°C and sieved (4 mm). Soil aggregates >4 mm,
including roots, stones, and sticks, were excluded
from all analyses. Percent organic matter was
estimated by mass loss on ignition. Each air-dried
sample (10 g) was dried in a 100° C oven for 3 hr
to obtain the base weight. The sample was then
placed in a muftle fumace at 550°C for 5 hr and
reweighed. Textural classification (sand and clay
content) was estimated by the hydrometer method
(Gee and Bauder 1986). Soil pH was estimated
in the field using a field dye indicator kit.

Statistical Analyses

We used simple linear regression to estimate the
association between abundance of Toutellus spp.
and lumbricids, given that Toutellus were present.
Because we were interested in the potential ef-
fects of lumbricids on native species, we consid-
cred lumbricid counts as the explanatory variable
and counts of Toutellus as the response variable.
We used only sample points in which we located
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Toutellus spp. and thus only the Alderman sitc
was included in analyses. Counts for different dates
of sampling were pooled after finding no weather
effect. To normalize the distribution of abundance
data, counts were square-root transformed prior
to analysis.

We used regression analyses to estimate habi-
tat associations. Because the number of Toutellus
detected were distributed in an almost binary form,
we used logistic regression to evaluate habitat
characteristics associated with probability that
Toutellus was present (and detected}) in the earth-
worm samples. We modeled the association of
the number of lumbricids detected and habitat
characteristics with linear regression. Because of
the tack of independence among samples (due to
short distance intervals) within a site, we retained
site as a covariate in all models. Soil samples were
not collected at nine of the Toutellus sample points.
We excluded these samples when conducting
analyses that included soil characteristics in any
of the models considered. After finding that soil
charactenistics were not included in our best models
(see Results), we conducted a separate analysis
without soil variables in the models considered
to allow all sample points with Toutellus to be
included in the analyses. Analyses were conducted
with Proc Logistic and Proc GLM (SAS Institute
1994}, We report means and estimated regression
coefficients + 1 SE.

Prior to conducting analyses, we developed 19
(Toutellus) to 27 (lumbricids) models of the rela-
tionship between habitat and worm abundance
(Table 2). Each model allowed us to estimate ef-
fects of a different set of habitat characteristics
that potentially influenced habitat selection. Evalu-
ation of only the most biologically realistic mod-
els reduces the risk of incorrect inference from
spurious correlations that often result when many
models are evaluated {Burmham and Anderson
1998). Rather than using conventional methods
of testing statistical significance of nutl hypoth-
eses, we used an information-theoretic approach,
which ranks models and provides a means of as-
sessing the strength of evidence for one model
over another (Burnham and Anderson 1998). The
focus of our analysis was to identify the appro-
priate models for estimating model parameters
and their uncertainty (Johnson 1999). We used
Akaike’s Information Criteria, with small-sample
(second-order) bias adjustment (AICc) as the basis
for model selection (Burnham and Anderson 1998).




TABLE 2. Comparison of models of the habitat associations of lumbricids and Tourellus spp. All five remnant forests were
included in analyses of lumbricids and only the Alderman remnant included for Toutellus. Sample sizes (n} indicate
number of 22 x 22 x 5 cm excavations included in analysis.

Tourellus spp.”

All Without
Lumbricids® INCASUICMEnLS soil measurements
n=7% (n=23) (n=234)

Model variables! I AAIC W’ AAICE w' AAICC w®
pH. org, pH*org, silt, clay, moist, den, basalH,

basalC, groundy, wood, shrubW, shrubH, slepe 0.35 27.1 (.00
Above model, without slope 0.35 236 0.00
BasalH. basalC, groundv, shrubW, shrubH .19 13.6 .00
Basal, groundv, shrubW, shrubH 0.13 14.8 0.00
BasalH, basalC. groundy, shrub 0.13 164 0.00
Basal, groundy, shrub 0.13 13.8 0.00 5.6 0.01 9.4 0.01
Groundyv, shrub 0.12 114 0.00 34 0.18 6.5 0.01
Groundy 0.}] 9.7 0.00 0.9 0.06 4.0 0.04
Basal 0.12 9.3 0.00 1.3 0.05 48 0.03
Shrub Q.12 9.0 (.01 2.2 .03 4.8 0.03
pH. org, pH*org, silt. clay, meist, den 0.26 12.7 0.00
pH, org, pH*arg. ¢lay, moist. den 0.26 10.1 0.00
pll, org, pH*org, moist 0.24 6.7 0.01
pH. org, moisture 0.23 4.3 0.04 39 0.01 8.2 0.01
pH. org, den (.23 4.4 0.04 4.5 0.01 9.2 0.01
pH. org 0.22 33 0.07 1.9 0.04 6.3 0.01
pH(log), org(log) 0.21 37 0.06 1.8 0.04 6.3 (.01
Orgtlog) 0.21 1.5 0.17 1.1 0.06 47 (.03
pH(log) 0.11 9.9 0.00 04 0.08 4.0 0.04
Org 0.2] 1.0 0.21 1.4 0.05 4.7 0.03
pH 0.11 9.9 0.00 0.3 0.08 4.0 0.04
Moist .22 0.0 0.36 2.2 0.03 4.5 .03
Clay 0.14 7.6 0.01 2.3 0.03
Dien 0.12 9.1 0.01 0.9 0.06 4.6 0.03
Duff 0.12 8.9 0.01 0 0.10 0.3 0.26
Slope 0.1t 9.7 0.00 0.5 0.08 0.0 0.3
No effects 0.1 7.4 0.0 0.03 0.10 26 0.08

! Site (remnant) was included as a categorical covariate in all lumbricid models. Variable acronyms: basalH = basal area ol
hardwood species, basalC = hasal area of coniferous species, basal = basalH + basalC, den = seil density, groundv = ground cover
by vegetation, moist = soil moisture, org = organic matter, shrubH = cover ol herbaceous “shrubs,” shrubW = shrub cover ol
woody species, shrub = shrubH + shrubW, wood = wood debris ground cover. Models without values were not evaluated for the
given taxd.

* Includes species within the Lumbricidae.

* Soil measurements were not taken on nine sample points. Analyses with n = 25 included soil variables in models whereas
analyses with n = 34 excluded soil variables.

* Akaike's Information Criteria (with a small sample size correction, AICc) difference between the model with the lowest AICc
and the respective model. Lower AlCc indicates a better model from which to make inferences.

* Akaike's Information Criteria weights (w) estimate the reladve likelihood of the given model being the best within the set
considered {Burnham and Anderson 1998).

We used AICc weights to compare the relative method described by Burnham and Anderson
likelihood of a model being the best (Burnham (1998). Because at least one model will abways
and Anderson 1998). For the linear regression be identified as best, we included models that we
models we computed AICc with the least-squares treated as no-effects models. The model with only

Earthworms in Remnant Forests 29




the intercept term served as the no-effects model
for Toutellus; for lumbricid analyses, the model
with only site effects served as the no-effects model.

Results

Vegetative characteristics varied among the five
sites, particularly with the relative density of co-
niferous and deciduous tree species {Table 3). There
was little variation of pH and soil density within
or among sites. Soil texture varied considerably
among sites but there was little within-site varia-
tion (Table 3).

We counted a total of 1790.5 earthworms in
the five sites (Table 4). Most (97.4%) were
lumbricids; we detected 36.5 Toutellus and 10
Argilophilus. Lumbricids were found in all sites,
with percent occurrence ranging from 61.7 to
98.3% of the excavated samples (Table 4). Mean
number of lumbricids/sample among sites ranged
from 2.8 to 7.8 (6.1 £0.41), corresponding to a
mean density (individuals/m?) of 126.3 £8.5 (Table
4). Within sites there was high variability in the
number of individuals detected (Table 4); a maxi-
mumof 21 - 59 individuals/sample were counted
among sites. Based on our finding of a mean mass

TABLE 3. Habitat characteristics in remnant torests sampled tn the Willamette Valley. Oregon, February—April 2000. Mean and
SE were computed from measurements made at sampling points within each remnant.

Alderman Belleview Helmick Mallard  Mission Botlom
Habitat Characteristic X SE X SE X SE X SE X SE
Conifer stems >12.5 cm dbh (no./ha) 10622 151.7 [ 0 492.6 2309 7858 3190 341.0 2524
Deciduous stems >12.5 cm dbh (no./ha) 225 0.9 3351 1486 4794 101.1 1246 833 1722 903
Woody shrub cover (%) 634 7.2 94 8 2.4 46.4 7.5 313 162 58.8 11.7
Herbaceous shrub cover (%) 3.1 2.3 0 0 17.9 6.8 200 133 9.5 91
Ground vegetation (%) 749 EX] 82.3 4.0 70.1 4.1 89.1 4.2 0.1 57
Woody debris cover > 10 cm (%) 1.4 1.0 0.9 0.5 3.5 0.9 2.3 1.9 04 04
Woody debris cover <10 em (%) 19.2 3.6 8.8 2.1 10.5 2.3 8.6 40 183 54
Bare ground (%) 35 1.0 8.0 31 15.8 4.3 0 ¢ L1 06
Duff depth (cm) 4.4 0.6 3.0 0.9 7.6 0.9 4.7 1.7 52 08
Soil pH 6.0 0.1 6.3 0.1 6.2 0.1 56 01 63 0.1
Soil organic matter (%) 94 0.4 12.6 0.9 8.3 0.7 9.1 0.4 82 03
Sand (%) 16.9 0.5 235 2.3 41.6 34 236 09 146 0.6
Silt {%) 58.3 0.6 41.1 1.2 311 1.7 56.8 0.9 57.9 0.7
Clay (%) 24.8 0.5 354 1.5 273 2.1 196 04 275 1.0
Moisture content (%) 37.5 1.5 559 32 388 2.0 39.0 21 0.4 1.8
Density (g/cm?*) 067 002 0.62 002 070 002 0.64 003 071 0.02

TABLE 4. Earthworm abundance in five remnant forests, Willamerte Valley, Oregon. Each remnant was sampled twice during

February—April 2000.

Lumbricids Toutellus Argifophilus
Total no. of Percent Abundance’ Percent Abundance? Percent Abundance?
Remnant sampling poimt ~ Occurrence’ X SE Occurrence' X SE Occurrence' X SE
Alderman 61 934 6.7 079 26.2 06 (.18 8.2 0.1 0.04
Belleview 60 98.3 7.0 0.63 0 0 0 0 0 ]
Helmick 45 88.9 64  1.04 0 0 0 22 0.1 0.09
Mallard [il} nl1.7 2.8 0.52 0 0 0 0 0 4]
Mission Bottom 60 R8.3 7.8 1,30 0 0 ] 0 0 0

' Percent of samples (22 x 22 x 5 ¢m excavation) in which a given taxa was detected.

‘Mean and SE of the number of earthworms of the given taxa counted in each sample.
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of 1.6 gfindividual lumbricid, we estimated an
average biomass of 1,136+ 76 kg/ha of lumbricids
for the upper soil surface.

In contrast, native species were only found at
two sites, with frequencies at these sites ranging
from 2.2% to 26.2% (Table 4). Mean number of
individuals/sample ranged from 0 to 0.6 {0.16 +
0.04) among sites, with a maximum number of 8
Toutellus and 4 Argilophilus. Despite the much
lower detections of native earthworms than
lumbricids. we found a positive association (b=
0.24 £ 0.14; r* = 0.33) between lumbricids and
Toutellus (Figure 1).

Few habitat characteristics that we measured
were associated with the abundance of earthworms.
Only models of habitat selection that contained
variables associated with soil moisture and or-
ganic matter were preferable to the no-effects
model. For lumbricids these models were twice
as likely as the no-cfiects model to be the best
among the set we considered (Table 3). Soil mois-
ture and organic matter were highly correlated

(r =10.81). Counts of lumbricids were positively
associated with soil moisture (b= 0.05 £ 0.02)
and percent organic matter (b=0.17 £ 0.06}. Pres-
ence of Tourellus was associated with a similar
characteristic, depth of surface organic matier
(dutf), The model with this single variable was
identical in AICc weights to the no-effects model,
and not convincingly more likely as the best model
compared with other one-variable models that
included either soil pH, organic matter, soil den-
sity, or slope (Table 3). To further investigate
Toutellus habitat models, we used all of the sampled
areas within the Alderman site, and thus excluded
soil texture variables which were not measured
at all sample points. From this larger sample, the
single-variable model with duff depth and that
with slope were the most likely, and were greater
than three times more likely than the other mod-
els (Table 3). Duff depth tended to be greater at
sample points in which we detected Toutellus (5.7
+ 1.0 ¢m) than where they were not detected (3.8
* 0.4 cm). Of the 34 points sampled for both

3.0 q

2.5 4

1.0 4

Number Toutellus (sqrt)

0.5 1

0.0 T

Y=0.70+ 0.34 X, r’= 0.33

Number Lumbricids (sqrt)

Figure 1. Relationship between the number of Tourellus and lumbricid earthworms counted within fourteen 22 x 22 x 5 cm
cxcavations centered on the sampling points within the Alderman site, Willamette Valley, Oregon, February - April
2000. Only excavations within which both lumbricids and Toufe/fis were found were included. Counts were squarce-root

transformed prior to analysis.
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earthworms and habitat characteristics in the Al-
derman site. we detected Toutelius in 67.7% (8
of 12) of the sloped sample points und in 27.3%
{6 ot 22) of those relatively flat, Duff depth was
similar between the sloped (4.6 £ 0.5 ) and flat
4.6 £0.7) sample points, demonstrating that the
two habitat characteristics associated with the pres-
ence of Toutellus were not simply correlated with
one another,

Discussion

Our results are consistent with previous findings
(Kalisz and Dotson 1989, Kalisz and Wood 1995)
that introduced lumbricid earthworms are ubig-
uitous and native species are uncommeon in dis-
turbed forests. That we estimated a biomass of
>1100 kg/ha of lumbricids from the top 25 cm of
the soil surface suggests that they constitute a major
component of the animal biomass of these for-
ests. In contrast, native earthworins, comprising
two genera (Toutellus and Argilophilus). were
found at only two of five of these remnants and
in much lower densities than the lumbricids. Un-
formmately, there are no published studies to evalu-
ate abundance of native carthworms in the
Willamette Valley prior to the presence of
lumbricids.

Contrary to our prediction of a negative effect
of introduced taxa on abundance of natives, we
found a positive association. As abundance of
lumbricids increased, so did abundance of
Toutellus, suggesting that habitat conducive for
mtroduced earthworms may also be conducive
to Toutellus. Howcever, because we failed to de-
tect several native species that are presumed to
be present in the Willamette Valley, the potential
impact of lumbricids on the native earthworm fanna
may be great. That we found few individuals of
only two native species and high densities of
lumbricids in most of the sites warrants further
investigation of the potential impact of lumbricids
on the native earthworm fauna.

Although native carthworm species may have
different ecological requirements from introduced
species (Fender 1995) and thus reduce the poten-
tial for competition (Kalisz and Wood 1995), little
work has been conducted to test hypotheses on
these ditferences. Fender’s (1993) work helped
form our predictions that native species would
predominate in natural forest soils with high ¢lay
content, low pH, and along compacted trails, and
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that native species would be more selective of
habitat characteristics than the introduced spe-
cies of lumbricids. We found no evidence to sup-
port these predictions. Habitat variables associ-
ated with greater abundance of Tourellus were
increasing depth of the duff layer and sloped ter-
rain, although effects werc weak, Abundance of
intreduced species (lumbricids) increased as soil
moisture and percent organic matter increased,
two factors that were highly correlated with each
other. These may have been the only factors of
statistical importance in our models simply be-
cause lumbricids are more likely to be near the
surface as soil moisture increases (Edwards and
Lofty 1976). We may have failed to detect habi-
tat associations for several of the variables, such
as acidity and soil compaction, because of the
narrow range of conditions within and among the
five sites. Furthermore. that we identified few
characteristics associated with earthworm counts
may be partially due to increased variation of counts
arising from the unknown but likely variable de-
tection rates of earthworms among sample points,
sites, and species.

All of our study sites have been fragmented
over the past century. Habitat fragmentation of-
ten leads to modification of microclimate {Saunders
et al. 1991). Blanchart and Julka (1997) noted
the possibility that earthworm communitics are
also affected by the size and shape of habitat
patches, and their position in the landscape. Kalisz
and Wood (1995) suggested that microclimate,
edge effects, influx of introduced taxa, and input
of toxic chemicals may reduce the ability of na-
live earthworms to survive or compete with in-
troduced species. Indeed, native species dominated
the earthworm fauna in large, undisturbed for-
csts of the southern Appalachians (Kalisz and
Dotson 1989). Further work exploring patterns
of carthworm diversity and abundance, and land-
scape factors influencing such patterns would
greatly aid our understanding of native and in-
troduced earthworm interactions,

Future research should focus on a broad set of
vegetation types to further determine character-
istics important to native earthworms in western
North America. An experimental approach, coupled
with comparative field observations, may be the
most fruitful means of understanding the poten-
tial impacts of introduced earthworms to the na-
tive fauna. Earthworms tend to be clustered ( Dickey
and Kladivko 1989, Wood and james 1983) and




the likelihood that an individual, although present,
may be undetected may be very high for some
species. It thus will be important to incorporate
estimated detection probabilities into analyses of
patterns of earthworm abundance. This, combined
with intensive sampling in a broad array of habi-
tats, should increase our knowledge of the im-
pressive diversity of native earthworms, and our
abilily to evaluate factors that may affect their
future existence within highly modified ecosystems.
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