Buckthorn and Earthworm Interactions iIn
Southern Minnesota: Facilitation Between
Non-Native Species
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B Buckthorn (Rhamnus cathartica) and Eurasian earthworms are invasive species in
the Great Lakes region of the USA.
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B Both organisms impact soil composition as well as local plant species, thereby

jeopardizing native ecosystems. (Klionsky, Hale et al. 2005, Beare et al. 1994 as cited
by Parkinson 1994, Doube 1998)
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By sampling earthworm populations at sites with varying amounts of buckthorn, this
study investigates a possible facilitative relationship between earthworm density and
diversity and buckthorn in southern Minnesota forests owned by St. Olaf College,
with the hypothesis that there will be more earthworms where there is more

buckthorn.
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B Earthworms in the Great Lakes region were eliminated during the last glacial
period, but reintroduced through human activity, such as soil transportation and fishing,
after European arrival. (James 2004, Bohlen et al 2004, Hale et al. 2005) Buckthorn was
introduced to the region as a decorative shrub. Both have shown high adaptability and
spread in Minnesota. (Hale et al. 2005)
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B Specifically, earthworms have been shown to alter surface layer organic matter
through the distribution of this matter to lower soil layers. This reduces the diversity of
native, and sometimes rare, understory plants that grow in this “duff” layer. (Parkinson
1994)
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Left column: maple forest without earthworms, Right column: maple forest with earthworms.
Reduction of understory, and O soil horizon. (Photographs property of U of M, greatlakeswormwatch.org)




Meanwhile, buckthorn out-compete native vegetation and tree species. Both may
alter soil chemistry. (Klionsky 2010)
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Some studies suggest that buckthorn may increase earthworm populations, providing a
possible example of mutual facilitation (Madritch 2009), and a gateway for subsequent
Invasive species (Heneghan 2007).
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Each site exhibited a varying amount of buckthorn--no buckthorn at Site 1, recently removed
buckthorn at Site 2, substantial cover at Site 3.
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Percent soil organic content, percent moisture, leaf litter weight, and percent bare ground
were measured. (Brower, Zar, and VVon Ende 1998) Mature trees (DBH>10) in a 4.5-meter
radius of each subplot were recorded. The number and species of seedlings (<0.5-meters
tall), and saplings (<10cm DBH) was recorded.
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Site 1: No buckthorn Site 2: Recently removed buckthorn Site 3: Moderate buckthorn

compact, darker dry, gray sandy, light



Earthworms were extracted with a mixture of 40g mustard flour and 1 gallon water (Bouche’
and Gardner 1984) applied at 3 33-square cm subplots along a 50-meter transect at each site.
Juvenile earthworms were identified by ecological group and mature earthworms with
clitella by species when possible.
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In lab, earthworms from each site were stored in containers with soil from their sites. Earth-
worms were provided leaves of Quercus rubra, Acer saccarhum, and Rhamnus cathartica.
Leaves were weighed initially and again after 8 days.
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Trees fH4F :

Site 1: Dominated by Acer saccharum & &5 K — # = 7 (Acer saccharum)

Site 2: Acer saccharum seedlings and saplings (F A & #5AK), mature Quercus ru.(RAK)

Site 3: Dominated by Rhamnus ca. seedlings and saplings (& ), also Acer sa and Quercus ru
saplings (35 /<), Zanthoxylum americana and Fraxinus americana seedlings (/).

Earthworms I I % :

Site 1. greatest average number of earthworms was at Site 1--twice that of Site 2,3. Deep-
burrowing Anecic type found.

AEFEERTH A AHERK 2245 BB DAnecicI=TX Y 1 7 EH.
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Soil 3% :

Site 1: Highest percent moisture content (22.2%) and soil organic content found (10.0%).
7= TR L OKSEE (222%) AP HE S —t 2 P (10.0%) i
Ko

ANOVA:

significant p-values for soil moisture 1 1£7K 43 = (0.00448), total worms surfaced S X D #4
%2(0.00094), and the anecic and endogeic ecological groups (0.00019 and 0.0021).
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B Based on other studies (Madritch 2009, Heneghan 2006, Knight 2007), expected greater earthworms
densities at Site 3. This study points to opposite conclusion. Sampling at Site 1 (no buckthorn)
found greatest mean number of earthworms (19) per given subplot. Neither Site 2 or 3 had
mean earthworm numbers greater than 10.
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B May be explained partly by soil conditions, especially soil moisture. (Holdsworth et al 2007)
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B Site 1 showed mean percent moisture more than twice that of Site 2, and more than three
times that of Site 3. Curry (1998) notes that earthworm distribution is often affected by
moisture levels--earthworms prefer greater moisture. Sites 2 and 3 had qualitatively and
quantitatively drier, sandier soil. Whether soil moisture is connected to earthworm presence or
to buckthorn at these sites cannot be determined by this study.
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B Earthworms appear to be most active at Site 1, as percent soil organic matter is also much
higher—suggesting that earthworms are distributing more leaf litter.
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B Therefore, even if buckthorn leaves are highly palatable(37% consumed), under dry soil
conditions there seems to be little advantage compared to moister soils where Acer sa litter is

available.
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B In particular, Site 1 had Anecic type earthworms. Anecic earthworms have larger body
mass and require more leaf litter, especially calcium. Site 1 provided large amounts of Acer sa

leaf litter, containing high levels of calcium., which may support high population. (Holdsworth
2012)
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1. This study is unable to state definitively that buckthorn and earthworm populations
affect each other.
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2. These results suggest that while buckthorn and earthworm densities may impact each
other, overall soil conditions and moisture levels in particular may play a more decisive
role in population levels. In turn, buckthorn and earthworm may be affecting soil
conditions. More in depth study is necessary.
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3. In selecting future research sites, moisture levels should be taken into consideration. 15
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4. 1t Is necessary to consider the interactions between non-native species for protecting
forest ecosystems in Minnesota.
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