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Abstract
Anong the nost pervasive introduced animal taxa in Nonh America ilre earthwonns in the family Lumbricidae. Lrnderstanding
their palrems of abundrnce is impo(anr in evalualing their potenlial impecl on L\e native earrhworm fauna. W'e examined the
rclalionship of the abundancc ofinfoduccd and nad!e eaflhworm species. and conpared soil and legetative a$ributes associated
$ilh their abundancc in fi\c rernnanr forens rithin the Willamctte Valley. Orcgon. Wt dclcclcd lt!o gcncra oi nad!e earthworms,
hutellu\ l /8.5% af n^i\c carthxorms) and.4ryil./ltl (21.5%), collcctivcl,v. in 7% ofthc cxcavatcd soil samples. \\'e detected
non nalivc lumbricids at all fi vc rcnnants, in 86% of thc ramples. and wc csljmalcd an avcrage of I . 136 kg of lumbricids,4la in the
lop 25cm of soil. Wc lound a posili\,c associalion bct$cen counB oflumbricids and lhe percenl of organic natter and moisture
conlent. CreaGr deplh ol su ace organic marrer and sloped lenain were associaGd lvirh the presence of foxldllrr. We found a
positive association between abundance (counts/sample) oflunb cids and %ll/dilrs. \\'e found no direct evidence that the intro
duced et]lthworn fauna wa\ inpacting nati!e eanhwom species, although we failed 10 detect numerous narive species tha! arc
presumed to be present iD the willamette Valley. \4'e recommend an experimenral approach, coupled with field observations that
illlo$ the estimadon ol spccies specilic delecrion probabilities. lbr lurure research into |he poGntial impacts ofintroduced earlh-
wolms ol1 fte nalilc launa. This lopic dcscncs 1u(hcr artention gilen lhe ubiquit] olinroduced eallh\lorms iD Nofth America.

lntroduction

Although unknown to nrost ecologists. there is a
diverse earlhworm fauna in Noth America (Fender
1995). Eanhworms in Nofth America are divided
into two families, Lumbricidae and Megasco-
lecidae. The Lumbricidae includes most of the
inftoduced earthworm species in the westem United
States and are native to Europe. The Mega-
scolecidae xre distributed in the southern hemi-
sphere and in northwestem Nofih America. and
include most natir e u estem Nonh American rpe-
cies. The native eanhworm fauna of the westem
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).

Threc factors likely have influenced the bio-
geography of $,estem earthworms. The Pleistocene
glaciation eradicated many native earthworms over
much of the continent although several species
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survived in glacial refugia (Fender 1995). Physi-
cal barriers to dispersal, including the arid region
east ofthe Cascade Rmge and the Sierra Nevada,
may also have been impofiant. Finally. human
migralion intrlrdu. ed rarious European specie.
onto the continent through ship ballasts, potted
plants, and the fishing industry (Gates 1966, Fender
1995, Dymond et al. 1997).

Observations of native eanhworms in a wide
range of conditions led Fender ( 1995) to suggest
that native species may have a much higher tol
ennce than infoduced species for soils with high
clay content and low pH. an avoidance for sandy
soils, and a preference for compacted soils along
game trails. Contrary to this view, Piearce (1984)
found a negative relationship between compac-
tion and occurence of native earthwoms, and
suggested that reduced soil porosity would im-
pede movement. Spiers et al. (l986) found higher
abundance of the native earthworm genus
Arctiostrotus rn sorls with pH of 2.6 to 6.2. This
limited understanding of earthworm ecology,
obtained from only a few studies, forms our cur-
rent unde$tanding of the relationships between
native ,urd intrcduced srthworms in North America.
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We used this existing research to formulate our
hypotheses on the pattems of abundance and habitat
associations of introduced and native earthworms
in the Willamette Valley of westem Oregon. West-
em Oregon is well suited tbr investigations oo
the potential impact of introduced eanhworms on
the native earthworm fauna because ofthe abun
dance and diversity of earthworms irt the rcgion.
We predicted (1) a negative relotion between abun-
dance of introduced and native earthworm spe-
cics; (2) that nativr: specics would be more selec-
tive of soil and vegetative characteristics than would
introduced spccies; and (3) that native species
would increase in abundance in response to the
density ofconifer trees, soil compaction, and per-
cent clay in the soils.

Study Sites

we conducted our study in the Willamcttc Valley
of westem Oregon, located between the Cascade
Range and the Coast Ranges. The climate of the
Valley is typically mild with wet winters and wann,
dry summers (Franklin and Dymess 1973). We
selected five remnant forests from twelye sites in
which the Oregon giant earthworm (Driloleirus
macelJreshi) was previously tbund. Three sites
werc excluded due to development and four sites
were excluded because of restricted access. All
tive sampled sites were adjlcent to farmed land.
rivers. creeks. ponds, or sloughs, wcre -70 m el-
evation, and ranged liom 3 - l2 ha (Table l). The
dominant overstory consisted of Douglas-fir
(PseLtdotsuga menziesii), bigleaf maple (Acer
macrophyllum), Oregon white oak (.QLlercus

garry-ana). red alder (Ahirs nrDra). and Oregon
ath (Frto.inut latiIolia). Understory species in
cluded English ity (Hedera irelir), Himalayan
blackbeny (Rubus discolor), dull Oregongrape
(Berberis nerrosa), Pacific blackberry (Rr.rDls
nrsin a-r), snowbenl (.Stmphoricarpos ttlhus), and
western swordfern ( Polystichum muninm).

Methods

Sampl ing

Within each of the ilve sites (remnant tbrcsts) we
established an array of points from which we
sampled earthworms and habitat characteristics.
We sampled each of the llve sites twice, from
February-April 2000, when soils were moist and
above freezing. For each of the two sets ofsamples,
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 thc
size of the site. At each sample point, we exca-
vated an area of 22 x 22 x 25 cm ('12,000 cmr
soil removed) below thc soil surlace, following
methods described by Zrcst (1962) and Dickey
and Kladivko (1989). We counted the number of
individuals ofeach eanhworm taxon detected by
hand-sorting the excavated soil (Dickey and
Kladivko 1989. Callaham and Hendrix 1997).
Fragments of worms wele counted as one-half
wom (Dickey and Kladivko 1989). We identi-
f ied earth\\,orms to the level of family for
Lumbricidae or genu5 fs1 n41ir q specie..

TABLE l. Characieistics of remnant fbrests samDled in the Willanette Vallev. Oreson. Winter 2000.

Rennanr Sizc (ha) Soil Tr-pc(s)
1c

Slopc
Dominant
Overstory

Dominant
Understor)

Bel leview

12 .1

8 . 1

6 . 1

3.2

Mission Botton 5.7

$bodbum situ loan.
\lbodbum sjlt clay loam

clay. silty clay. clay loam

loam. clay loam. silly clay loam.
sandy clay loam

McBcc silt loam

si l t  loam. s i l ty  c lay loam

Western swordfern,
blackberry, snowbelTr-

Himalayan blackbeny.
ivy

$tsiem s\lordfem.

blackbelfy

Westem swordfcm.
blackbern

0 2 0

0 - 1 0

Douglas-Iir,
biglcafmaplc

white oak,

Douglas lir.
biglcafmaplc

Douglas fir.

Douglas-fir
white oak
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Habitat Character st cs

We estimated habitat characteristics at every third
sanple point and for all points in which we found
nativc cafihworms. Wc cstimated basal area of
coniferous and deciduous trees >12.5 cm diam
eter at breast height (dbh), percent of shmb cover
(plants >1m in height and <12.5 cm 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 tiom
dbh measurements. Shrub cover was estimated
\eparlltel) lor uoody and herbaceous regetrtion
(e.g., large ferns) using the l ine-intercept method
(Higgins et al. 1994), r'ith coverrecorded at each
cardinal dircction along a 5 m transect from the
sample point. Percent ground cover was estimated
by using the quadlat plot method with ocular es-
timates (Higgins et al. l994). placing 0.25 m2 plots
I m liom the sample point at each cardinal dircc
lion. Dcpth of surfacc organic matter (duff) was
measured by inserting a ruler into the layer of
organic matter on top of the soil, I m fiom the
sample point at each cardinal direction.

Soil sarnples were collected from the A hori-
zon using a bulk density sampler with a volurne
of approx. 100 crnr. Moisture content was calcu-
lated alter oven-drying l0 g of sample at 105' C
tbr 24 hr. Samples u'ere later air-dried fbr 3 d at
33'C and sieved (,1mm). Soil aggregates >,1mm,
including roots. stoncs, and sticks. were excluded
from all analyses. Percent organic matter was
estimated b! mass loss on ignition. Each air-dricd
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 muftlc lunracc 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 fie)d dye indicator kit.

Statistical Analyses

We used sinrple l ineer regression to estimate the
association between abundance of Io&tel1r.r spp.
and lumbricids. given that Zortellr.t were present.
Because we were interested in the potential ef
fects of lumbricids on native species. we consid-
crcd lumbricid counts as the explanatory variable
al]d colrnts of 74r1.]lfus as the response variable.
We used only sample points in which we located

Toutellus spp. and thus only the Aldeman sitc
was includcd in analyses. Counts tbr diflercnt dates
ofsampling were pooled after t'inding no wcather
effect. To normalize the distibution ofabundance
data, counts were square-root transformed prior
to analysis.

We used regression analyscs to estimate habi-
tat associations. Because the numbcr ofTo&/e/l&.t
detected were distdbuted in an almost binary fom.
we used logistic regression to evaluate habitat
characteristics associated with probabil ity that
fortellrJ was present (and detectcd) in the earth-
worm samples. We modeled the association of
the number of lumbricids detected and habitat
characteristics with linear regression. Because of
the lack of independence among samples (due to
short distance intervals) within a sitc. we retained
site as a covariate in all models. Soil samples were
not collected at nine of the for,/ellr sample points.
We excluded these samples when conducting
rnr l l : c :  th r t  inc luded.U i l  (haru( te r i \ t i c .  in  un)
of the models considered. After finding that soil
characteristics were notincluded in our bestmodels
(see Resulls). we conducted a separate analysis
without soil variables in the models considered
to allow all sanrple points \]|ith k)utelLu.\ Ie be
included in the analyses. Analyses were conducted
with Proc Logistic and Proc GLM (SAS Institute
1994). We report means and estimaled regression
coeflicients t I SE.

Prior to conducting aualyses, we developed l9
(Toutellus) to27 (ltmbricids) models of the rela-
tionship between habitat and worm abundance
(Table 2). Each model allowed us to estimate et'-
t'ects of a different set of habitat characteristics
that potcntially influenced habitat selection. Evalu
ation ofonly the most biologically realistic mod-
els reduces the risk of incorrect inference from
spurious corrclations that often result when many
models are evaluated (Burnham and Anderson
1998). Rather than using conventional methods
of testirg statistical significance of null hypoth-
eses, we used an information-theoretic approach.
which ranks models and provides a means of as-
sessilg the strength of evidence for one model
over another (Bumham andAnderson 1998). The
tbcus of our analysis was to identify the appro-
priate models for estimating model parameters
and their uncenainty (Johnson 1999). We used
Akaikc's Infomation Criteria, with small-sample
(second-order) bias adjustmcnt (AICc) as the basis
tbr model selection (Bumhnm andAnderson 1998).
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TABI-E2. Conparison of models of the habitat associations of lumbficids and Torl.,/fur \pp. All li!e renmant lbre\ls \iefe
included in analyses of lunbricids and only the Alderman remnant included fof /rrr.ll'lr. Sample sizes (n) indicrte
number of ll { 22 { 5 cm excalations included in . \sis.

Lumbdcidsl
(n = l3J

r' ,!AlCc' w'

ncasurcmcnls sollmcasurcnlcnls

j,A.ICc' \L' l,qlcc'

Atl

NIodel  !ar i . rb lesL

pH. org. pH+org. silt. cla,\'. moist. den, basalH,
btr .h lC.  t tuLrJ\ .  sruJ.  .hrub\ \ . .hrul -H.  .

Abo!c modcl. xlthour dope

BasalH. basalc. ground\'. shrubw. shrubH
Basal. ground\'. sh'ub\\'. shrubH
BrsalH, bas.rlc. ground!, \hrub
Basal, eround\'. shrub
Groundv. \hrub
Ground!
Basal
Shrub
pH. org.  pH*org.  s i l ! .  c lav.  rnoi* .  den
pH. ory. pH"org. clay. roisf. dcn
pl l .  org,  pH*org.  nrois l
pH. org. moisture
pH. org, den
pH. org
pH(l0g).  org( log)
0rg( log)
pH(l(rg)

o.g
pH
Nloisl
Clay
Dcn
Duff
Slope
No ciiccls

0.15
0.35
0 . 1 9
0 .15
0 .1 l
0 .13
0 .12
0 . 1  1
0 . 1 2
0 .12
0.26
0.26
0.2:1
0.23
0.23
0.22
0 .21
0 .21
{J . t l
0 .21
0 . 1 1
0.22
0. l . l
0 . l 2
0 .1 l
0 . 1  l
0 . l  r

) 1 .1
23 .6
13 .6
1.1.8
16.,+
13 .8
l l . ,r
9.1
9 .5
9.0

12.1
l0 .  t
6.',7
.1.3

:l :l

3 . t
1 . 5
9.9
t . 0
9.9
0.t)
'7.6

9 . 1
8.9
9.1
1.1

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0 .01
0.00
0.00
0 .01
0.0'1
0.0'1
0.0'7
0.06
0 . t 1
0.00
0 .21
0.00
0.36
0 .01
0 .01
0.01
0.00
0 .01

5 .6
3.,1
0.9
1 . 3
) . 2

3 .9
.15
1 .9

L l

0 .1
2 . )
2 .3
0.9

0.5
0.03

0 .01
0 . r 8
0.06
0.05
0.01

0 .01
0 .01
0.04
0.0.1
0.06
0.08
0.05
0.08
0.03
0.03
0.06
0 .10
0.08
0 . l 0

9..1 0.01
6.5 0.0r
1.0 0.0.1
,t.8 0.03
,t.lJ 0.0i

8 .1  0 .01
9.2 0.01
6.1 0.01
6.1 0.01
11  0 .03
,1.0 0.0,t
1.1 0.01
,r.0 0.0,1
.r.5 0.03

1.6 0.01
0.3 0.:6
0.0 0.3r
2.6 0.08

I Site (remnano \ias included as a calegorical co!.rriale ir all lumbricid lnodels. Variable !cron),ms: basalH = brsal rrea of
hardwood spccies. basalC = basal area ofconiferous specie\. basal = basalH + basrlc. den = soil densitl,, gfound\' = ground covef
b) \'egetarion. noist = soil moisture, org = organic mruer. shrubH = coler of herbaccous "shrubs." shubw = shrub colcr of
$oody species. shrub = shrubH + shrubw xood = xood debris grcund covef. \,lodels without \alues lvere not e\aluated faf the
gilen taxr.
'lncludcs spccjcs wilhin thc Lumbricidae.
' Soil measureDrents were not taken on nine sample points. Anr )ses with n = 25 included soil lariubles in models \lhere.rs
analyses with n = 34 excluded soil variables.
+Akaike s information Criteria (with a small sample size coffectrcn. AICC) difference between the model $ith the lo\|est AICC
and the respeclive nodel. Lo\!er,{l(lc indicates a bcltcr nodcl iiom which to make infcrcnccs.
'Akaike's Infbrnurion Criteria lveights (u) esdnate the reladve likclihood of lhc gi\cn modcl b.ing fic bcn withii thc sel
considered (Bumhan and,{ndenon 1998).

We used AICc weights to compare the relative
Iikelihood of a model being the best (Burnham
and AnLler..rn 1998t. For the l inear regre\\ion
rnodels we computedAlCc with the least squares

method described by Burnham and Anderson
(1998). Because at least one model wil l alu,ays
be identif ied as best. we included models that we
teated as no effects models. The model with only
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the intercept term served as the no-eft'ects model
for Toutellus: fbr lumbricid analyses, the model
u,ith only site effects sen'ed as the no-ellects model.

Results

Vegetative characteristics varied among the five
sites, pafticularly with the relative density of co-
niferous and deciduous tree species (Table 3). Thcre
was litt le variation of pH and soil density within
or among sites. Soil texture varied considerably
rmun!  :  i l es  bu t  lhere  u  a .  l i t t  le  u  i th in -s i re  r  r r ia -
tion (Table 3).

We countcd a total of 1790.5 earthworms in
the flve sites (Table 4). Most (97.,1clc) r,ere
lumbricids: $'e detected 36.5 TouteLlus and 10
ArgilophiLtts. Lumbricids were found in all sites,
\\"ith percent occurrence ranging from 61.7 to
98.37c of the excavated samples (Table 4). Mean
numberof lumbricids/sample among sites ranged
from 2.8 to 7.8 (6.1 t 0.41), corresponding to a
mean density (individuals/mr) of 126.3 t 8.5 (Tablc
4). Within sites thcre was high variability in the
number ofindividuals detected (Table 4): a ma\i
mum of21 - 59 individuals/sample were counted
among sites. Based on ourfinding ofa mean mass

TABLE 3. Habitat characteristjcs in remnant lbrests sanpled in theWillamcttc Valle). Oregon. February Apnl2000. Meanand
SE were computcd from measurcments made at sampling poinls wilhin each rennanr.

Habitat Characteristic
Alderman
i s E

Belle\,'iew Hclmick M4lld Mission Borlom
i S E \ \ L r S L \ 5 I

Conifer slems >12.5 cm dbh lno./ha)

Deciduous stens >11.5 cm dbh (no.,4ra)

\\body shrub cover (7)

Herbaceous shrxb cover (%)

Ground !egetation (./.)

Wbody debr is covcr >10 cm (7.)

Woody debris colcr <10 cm (%)

Bare Sround (7.)

Duffdepth (cn1)

Soil pH

Soil organic ma(cr (tt )

Sand ('/.)

Si l r  (7. , )

Clay (7.)

Moisture contenr (7.)

Density (g/cmr)

1062 .2  151 .7

225 0.9

63.,1 1.2

3 .1  2 .3

11.9 3.6

L' l  1.0

19.2 3.6

3 .5  1 .0
.1.,1 0.6

6 .0  0 .1

9.4 0.4
16.9 r i .5

5it .3 0.6

24.8 0.5

37.5 1.5

0.67 0.02

0 0

l l 5 . I  118 .6

9.1.8 2.1

0 0

82.1 ,1.0

0.9 0.5

8 .8  2 .1

8 .0  3 .1

1.0 0.9

6 .1  0 .1

t2.6 0.9

23.5 2.3
. l  i . l  1 . 2

35 .1  r . 5

55.9 3.2

0.62 0.02

492.6 230.9
,179.,1 101.1
,16..1 7.5

11 .9  6 .8

70.1 ,1.1

3.5 0.9

10.5 2.5

15 .8  4 .3

1.6 0.9

6 .2  0 .1

8.5 0.7
. l l .6 3..1

3  t . l  1 . 1

21 .3  2 .1

18.8 2.0

0.70 0.02

785.8 319.0

12.1.6 83.3

31 .3  16 .2

20.0 l3. l

89 . i  1 .2

2 .3  1 .9

8.6 4.0

0 0

1 .1  1 .1

5 .9  0 . l

9. | 0.,1

23.6 0.9

56.8 0.9

19 .6  0 .4

39 .0  2 .1

0.64 0.03

3.l l .0 252.4

t12.2 90.3

58 .8  I  1 .7

9 .5  9 .1

80 .1  5 .7

0..1 0.:1

18.3 5.:1

L l  0 .6

5 .2  0 .8

6 .3  0 .1

8.2 0.3

11.6 0.6
51.9 0.',7

27 .5  1 .0

30..1 1.8

0.71 0.02

TABLE 4. Earlhworm abundance in five remnant forests, willamcrlc Valley, Oregon. Each remnan! was sampled twice dnring
Irebruarv ADril2000.

Tol . r l  no oI  P<r.<nt  Abundance
sampling poinl Occunencer x SE

Pcrccnt Abundancel
Arrilophilus

Percent Abundance:

Lumbricids

Remnant

Bellevie\\'
Hclmick
Mallard
Mission Bottom

6.1 0.19
7.0 0.63
6.4 1.0.1
2.8 0.52
7 .E  r . 30

0.1 0.0,1
0 0

0.1 0.09
{ )  0
0 0

60

93.,1
98.3
8E.9
6 t . 1
88.3

26.2
U
u
u

0.6
u
t-)
0
0

0 . i 8
u
U

0

8 .1
0

2 .2
0
0

r Percent ofsanples (22 r 22 x 5 cm cxcalation) in which a given taxa was dctccled.
:Mean and SE of the number ofeanhwonns of the givcn ta{a counGd in each sample.
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of L6 g/individual lumbricid. we estimated an
trvcragebiomassof 1.136:l76kg,&aof lunibricids
for the upper soil surface.

In contrast. native species werc only found at
luo  5 i te . .  \  i l h  l rcqucncre .  r t  these s i te r  run l ing
ftom 2.2Vc to 26.2% (Table 4). Mean number of
individuals/sample ranged from 0 to 0.6 (0.16 I
0.04) among sites. with a maximum number of 8
TbtrtelLus and I Argikryhiltrs. Despite the much
lower detections of native earthworms than
lumbricids. u,e found a positive association (b=
0.34 t 0.1,1; rr = 0.33) bctween lumbricids and
Toatellirs (Figure l).

Few habitat characteristics that &e measured
were associated with the abundanoe ofearlhwonns.
Only models of habitat selection that contained
variables associated with soil nroisturc and or
ganic matter were preferable to the no-eflects
rnodcl. For lumbrieiLls these models were tu ice
as likely as the no-cffects model to be the best
among the set wc considercd (Table 3). Soil mois-
ture and organic matter were highly correlated

(r = 0.81). Counts oflumbricids were positivcly
associated with soil moisture (b= 0.05 t 0.02)
and percentorganic matter (b= 0.1710.06). Pres-
ence of TouteLlus \\, as associeted with a similar
chamcteristic. depth of sudace organic matter
(dutl). The model with this single variable was
identical inAlCc weights to the no-effccts 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 (Tablc 3). To further investigate
Z)lllrtlllr'habitat models, we used all of the sampled
areas within the Alderman site. and thus excluded
soil texturc variables which were not measured
at all samplc 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 To&le1[l.t (5.7
t 1 .0 cm) than where they were not detected (3.8
t 0.4 cnr. Of the 34 points sampled fbr both

Y=0.?0+ 0 ,34X, r '=0 .33

I

s
r  1 5

z

Figure L Reladonship belween the number of ?orl./lrlr and lumbricid earlhworms counied within lburcen 22 x 22 x 5 cm

cxcavations centered on the sampling poinls within the Alderman srte. Willametie Valle], Oregon. Fcbruary Apnl

2000. Only cxcavatjons within whichboth lumbricids and firrlell were found were included. Courls were squarc rooi

transformed Drior to analvsis.
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earthwomrs and habitat characterislics in theAl
derman site. wc detected Toutellus in 67.1c/c (.8
of l2) of the sJoped sample points arul in 27 .3c/c
(6 of 22) of those relalively flat. Duff deprh was
similar bcLu,een the sloped (4.6 t 0.5 ) and flat
(,1.6 10.7) sample points, clemonstmting that the
two habitat charucteristics associirted with thepres-
ence of ?)&te ll&s werc not simply correlated with
one another.

Discussion

Our results arc consistent with previous findings
(Kalisz and Dotson l989. Kalisz and Wood 1995)
thal introduced lumbdcid earthworms are ubiq-
ultous and native species are uncommon in dis
turbcd fbrests. That we estimated a biomass of
> L 100 kg,&a of lunbricids fiom the top 25 cm of
the soil sudhce suggests that thcy constitute a najor
component of the aninral biomass of thesc for-
ests. [n contrast, native eanhworlns. comprising
two genera (Toutellus and Argilophilus). were
tbund at only two of five of these remnants nd
in much lower densities than the lumbdcids. Un-
fortunately. there are no published studies to evalu
ate abundance of native carthworors in the
Willamette Valiey prior to the prcsence of
lumbricids.

Contrary to our prediction ofa negative effect
o i  in t r ' , rJu(q6  l i l ra  on  Jbund i ln (e , ' l  n i l l i ves .  \  e
found a positive association. As abundance of
lumbricids increased. so did abundance of
Ib&k 1l/r, suggcsting that habitat conducive tbr
inlroduced earthwonns mav also be conducive
b n)utellus. Howcver. because we failed to de-
tect several native spccies that arc presumed to
be present in the Willamettc Valley, the potential
impact oflumbricids on the native earthworm tauna
Inay be great. That we tbund 1ew individuals of
only two native species and high densities of
lumbricids in most of the sitcs u'arants further
investigation of the potential impact of lumbricids
on the native earthworm 1auna.

Although natir,e carthwornr species may have
di ffcrent ecological requiremcnts fionr introduced
species (Fcnder 1995) and thus reduce the poten
tial for competition (Kalisz and Wood 1995),litrle
work has been conducted to test hypothcses on
thcse ditlerences. Fender's (1995) work helped
lbrm our predictions that native species would
predominate in naLural tbrest soils with high clay
content, low pH, and along compactedtails. and

that native species would be more selectivc of
habitat charactcristics than the introduced spe-
cies oflumbricids. We found no evidence to sup-
port these predictions. Habitat vaiables associ
ated with greater abundancc of TouteLLtrs wcre
increasing depth ofthe dufl layer and sloped ter-
rain, although eflects werc weak. Abundance of
introduced species (lumbricids) increased as soil
moisture aDd pcrcent organic matter increased,
tu'o factors that were highly correlated with each
other. These may have been the only factors of
statistical importance in our ntodels simply be-
cause lumbricids arc more likely to bc near the
surfacc as soil moisture increases (Edwards and
Lofty 1976). We nay have failed to detecr habi-
tat associations for scveral of the variables, such
as acidity and soil compaction, because of the
namow range ofconditions within and arnong the
five sites. Furthermore. that we identitied few
characteristics associated witheafihwonn counts
maybc paftially due to incrcased variation olcounts
arising from thc unknown but likcly I'ariable de-
tection rates ofeanhworms anong sample points.
sites. and species.

All of our study sites have been fiagorented
orrer the past centu[y. Habitat fragmentation ()1-
ten leads to modificationof microclimate (Saunders
et al. 1991). Blanchart and Julka (1997) nored
the possibility that earthwornr communitics are
also affectcd by the size and shape of habilat
patches. and theirposition in the llutdscape. Kalisz
and Wood (1995) suggested that microclimare.
cdge efl-ects, influx of introduced taxa, and input
of toxic chemicals rnay reduce the abil ity of na-
tive eafthworms to survive or compete \l,ith in-
troduced species. Indeed. native species dominated
the earlhwonn fauna in large. undisturbed for-
csts of the southern Appalachians (Kalisz and
Dotson 1989). Further work exploring patterns
ol car1hu'om dive$ity and abundance, and land-
scape faclors intluencing such patterns would
greatly aid our understanding of native and in
troduccd eat1hwolm interactions.

Future research should focus on a broad set of
vegetation types to fufiher dctermine charactcr-
i : l i c .  in rpor l rn l  to  nar i \ c  e i rnhwof lns  in  u , .s re rn
NothAmerica. An experimental approach. coupled
with comparative field observations. mav be the
most fruitful means of understanding the poten
tial impacts of introduced earthwoms to the na
tive tauna. Earthwoms tend to be clustered (Dickey
and Kladivko 19119. Wood and James I 983) and
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thc likclihood that an individual. although present,
may be undetected may be verl high tbr some
\pec ie \ .  T l  thu .  w i l i  be  i r rp , ' r t rn t  tL '  in . , r rpur i r le
estimated detection probabil it ies into analyses of
patterns of earth\\'olm abundance. This. combincd
rvith intensive sampling in tr broad array of habi-
tats, sheuld increase our klowledge of the im-
pressive diversity of native earthworms. and our
abilily to evaluate thctors that may affect their
future existence rvithin higNy modified ecoslstcms.
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