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ABSTRACT

Tanacetum bipinnatum (Asteraceae) is limited in distribution in the Great Lakes region to sand
dune ecosystems and is threatened in Michigan and endangered in Wisconsin. Germination and es-
tablishment interruptions for T. bipinnatum may add to the limitations in distribution and be exacer-
bated by the presence of Centaurea stoebe (Asteraceae), which has invaded many different ecosys-
tems around the Great Lakes region, including dunes. I conducted a germination experiment with T.
bipinnatum seeds undergoing variable cold storage lengths (0–5 months) or germinating in the pres-
ence or absence of light. Also, I conducted a competition experiment with establishing T. bipinnatum
and C. stoebe individuals. With light present for germination, 1 and 2 month cold storage periods had
10% germination. Germination was not independent of cold storage in dark treatments, with only 5%
of seeds germinating in controls without cold storage. In competition with C. stoebe, T. bipinnatum
had reduced above-ground biomass and root length compared to T. bipinnatum grown with a con-
specific and individually. Below-ground biomass for T. bipinnatum was significantly reduced in
competition with C. stoebe compared to when it was grown individually. The only alteration in
growth for C. stoebe was in below-ground biomass, which was greater in competition with T. bipin-
natum. Limited seed germination and competition during establishment may explain why T. bipin-
natum occurs at lower densities in areas invaded by C. stoebe. Further research is needed to quantify
survival of mature T. bipinnatum beyond the initial establishment in competition with C. stoebe.
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INTRODUCTION

The post-dispersal establishment of seedlings is essential to the continuation
of a plant population (Harper et al. 1965; Eriksson and Ehrlén 1992). Interrup-
tion of establishment often leads to reductions in densities, modification of com-
munity physical structure, or can lead to alteration of successional patterns
(Denslow 1980; Pyke and Archer 1991; Luzuriaga and Escudero 2009). Theo-
retical extreme ends of the continuum of plant population dynamics are those
that are limited by the availability of what Harper et al. (1961) defined as “safe
sites” in the presence of abundant seed and those that are limited by the avail-
ability of seed in the presence of abundant “safe sites” (Duncan et al. 2009).
Somewhere along the continuum, plant population dynamics are most likely dri-
ven by combinations of site and seed availability.

Tanacetum bipinnatum (Lake Huron tansy, Asteraceae, =T. huronense) is a
wide ranging species and occurs in several Canadian provinces and northern
US states from Maine to Alaska, with those occurrences being sparse (Cana-
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dian Museum of Nature Herbarium 2010). Within the Great Lakes region it is
limited in distribution to sand dune ecosystems and as a consequence is listed
as a threatened species in Michigan and an endangered species in Wisconsin
(Voss 1996; Wisconsin Department of Natural Resources 2009; Michigan State
University Extension 2010). Nichols (1934) identified a dramatic improve-
ment in T. bipinnatum seed germination with the application of cold storage
treatments; 59% germination following 71 days in cold storage and 12% ger-
mination without cold storage. Adapting to burial of seed by sand accretion in
active dune systems, many plants have improved germination and establish-
ment rates when light is absent (Maun and Lapierre 1986; Maun 1994). Chen
and Maun (1999) demonstrated the importance of seed burial for Cirsium
pitcheri [Torr. ex Eaton] Torr. & A. Gray, another threatened plant species in
sand dunes.

Centaurea stoebe (spotted knapweed, Asteraceae, =C. maculosa and =C.
biebersteinii) is a common, aggressive invader of those same dune ecosystems,
as well as non-dune ecosystems, and is native to Europe and Asia (Watson and
Renney 1974; Marshall et al. 2008). Within Grand Sable Dunes, Pictured
Rocks National Lakeshore, MI, areas invaded by C. stoebe have significantly
reduced native plant diversity and increased exotic plant diversity in compari-
son with areas without this exotic (Marshall et al. 2008). The area invaded by
C. stoebe and its density has increased in Grand Sable Dunes over the past 35
years from being limited to roadsides, to being rare in the dunes, to finally be-
coming a major invader (Read 1975; Bach 1978; Marshall et al. 2008). Also,
areas with C. stoebe in Grand Sable Dunes had 3 times less percent cover of T.
bipinnatum as compared to areas without C. stoebe (Marshall et al. 2008).
Latsch (2011) surveyed a similar area of Grand Sable Dunes and did not en-
counter T. bipinnatum in areas invaded by C. stoebe. The influence of C.
stoebe competition on results presented by Marshall et al. (2008) and Latsch
(2011) is not clear. There is evidence that C. stoebe competition does reduce
the growth of some neighboring native plants species (Ridenour and Callaway
2001). However, Ammophila breviligulata Fernald, a native dune grass, re-
duced C. stoebe growth in competition (Emery and Rudgers 2012). Exotic
plant management targeting C. stoebe has occurred in Grand Sable Dunes.
However, the availability of funding has limited the size and frequency of
these programs (B. Leutscher, National Park Service, per. comm.).
The objectives of this study were to identify the importance of cold storage

and light on the germination success of T. bipinnatum seed and to quantify the
competitive interactions between T. bipinnatum and C. stoebe seedlings.

MATERIALSAND METHODS

Seed collection and storage
I collected T. bipinnatum seed from 5 plants in Grand Sable Dunes, Pictured Rocks National

Lakeshore, MI (46° 39′ 27.5′′ N, 86° 1′ 56.3′′ W). I also collected C. stoebe seed from a road-side
population adjacent to Pictured Rocks National Lakeshore. All seeds were collected 12 September
2010. Seeds were separated from plants and stored for 3 months at ambient laboratory temperature
(approximately 24°C).
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Germination study design
Tanacetum bipinnatum seeds were pooled and randomly placed into cold storage treatments (1,

2, 3, 4 and 5 month storage) wrapped in moist paper towels in polyethylene bags at 5°C, as well
as a control with no cold storage. I initiated all cold storage treatments simultaneously and seeds
in each treatment were removed for germination following the requisite storage period. Following
treatment, I initiated 4 replicates of each treatment with approximately 3 ml of distilled water ap-
plied to the filter paper (Whatman No. 42), 5 equally spaced seeds were placed in each Petri dish
(100 mm x 15 mm), dishes were sealed with Parafilm (Pechiney Plastic Packaging, Wenasha, WI),
and seeds were allowed to germinate with 16:8 light:dark cycle at 25°C. Control seeds without
cold storage were placed in Petri dishes for germination when other seeds entered cold storage. I
also applied light absent treatments (dark) to 4 additional replicates of each of the 1 month and
control cold storage treatments. Replicate Petri dishes in the dark treatments were sandwiched be-
tween two pieces of corrugated cardboard (3 mm thick) and the edges were sealed with duct tape.

Competition study design
The remainder of pooled T. bipinnatum seeds, as well as C. stoebe seeds, were wrapped in

moist paper towels, and stored in polyethylene bags at 5°C for 2 months. Seeds were germinated
on moist filter paper in Petri dishes following cold storage. Once the radicle was present, seedlings
were transplanted to cylindrical planting cells (3.8 cm diameter × 14 cm, BioQuip Products, Ran-
cho Dominguez, CA). Treatments, with 10 replicates each, included T. bipinnatum single grown
individuals, grown in competition with another T. bipinnatum individual, and grown in competi-
tion with a single C. stoebe individual, as well as C. stoebe single grown individuals. Plants were
watered as needed (every 1–3 days) and grown in clean play sand with 16:8 light:dark cycle at
25°C. Granular fertilizer (12% N, 4% P, 8% K) was applied to the surface of each planting cell 2
weeks following transplantation. After 3 months of growth, seedlings were harvested, numbers of
leaves were counted, and root length was measured. Plants were dried at 50°C to a constant weight
and above- and below-ground biomass was measured. Root:shoot ratio was calculated using bio-
mass.

Data analysis
Fisher’s exact tests were used to test the hypotheses that germination of T. bipinnatum was in-

dependent of cold storage and light. One-way analysis of variance (ANOVA) with Tukey’s HSD
post-hoc test was used to test for differences in leaf counts, root length, above- and below-ground
biomass, and root:shoot ratio between T. bipinnatum individuals grown in and out of competition.
T-tests were used to test for differences in leaf counts, root length, above- and below-ground bio-
mass, and root:shoot ratio between C. stoebe individuals grown in and out of competition.

RESULTS

A total of 16 T. bipinnatum seeds germinated (10.0%) across all treatments
taking a mean of 3.4 days (SD 1.0) to germinate. There was a reduction in the
percent of seeds germinating with each increase in cold storage length (Figure
1). Also, darkness drastically increased number of germinating seeds after 1
month of cold storage (Figure 1). While the percent of seeds germinating ap-
peared different, germination was independent of light regardless of cold stor-
age (P = 0.123). Also, germination was independent of cold storage regardless
of light treatment (P = 0.769). When analyzed separately, germination was in-
dependent of cold storage when light was present (P = 0.171), but was not in-
dependent of cold storage when light was absent (P = 0.046). Seed germina-
tion was not isolated to single dishes in treatments with greater than 5%
germination (1 seed).
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Tanacetum bipinnatum leaf count was significantly greater when grown in
conspecific competition than in competition with C. stoebe; however, these
values did not differ from the single grown T. bipinnatum individual (Table 1).
In competition with C. stoebe, T. bipinnatum had significantly reduced above-
ground biomass compared to both single grown and conspecific competition.
A similar response occurred for root length. Below-ground biomass differed
between the single grown T. bipinnatum and in competition with C. stoebe.

FIGURE 1. Percent of Tanacetum bipinnatum seeds germinating after 5 °C cold storage treatments
(1–5 months), in light and dark treatments, and controls without cold storage.

TABLE 1. Mean leaf number, above- and below-ground biomass, root length, and root:shoot ratio
(SE) for Tanacetum bipinnatum grown in competition with a conspecific (TB-TB), in competition
with Centaurea stoebe (TB-CS), and controls as single individuals (TB). Unique letters indicate
significant difference between treatments using analysis of variance with Tukey’s HSD post-hoc
test.

Biomass (mg)
Treatment Leaf Count Above-Ground Below-Ground Root Length (mm) Root:Shoot

TB-TB 5.3 (0.2) a 16.77 (1.87) a 3.86 (0.67) ab 148.3 (11.6) a 0.24 (0.04) a
TB-CS 4.2 (0.1) b 7.15 (0.77) b 2.30 (0.47) b 64.7 (13.5) b 0.34 (0.07) a
TB 4.7 (0.3) ab 18.92 (2.62) a 5.16 (1.03) a 129.0 (11.9) a 0.28 (0.5) a

F2,27 6.94 10.78 3.53 10.55 0.85
P 0.004 < 0.001 0.043 < 0.001 0.438
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Conspecific competition reduced T. bipinnatum below-ground biomass; how-
ever, it was not significantly different from the other two treatments. Although
above- and below-ground biomass was altered by competition with C. stoebe,
the root:shoot ratio did not differ between treatments (Table 1). Adding T. bip-
innatum competition to C. stoebe did not significantly alter any of the growth
variables measured. The exception in C. stoebe growth was below-ground bio-
mass, which was significantly greater in competition with T. bipinnatum than
without (24.72 [SE 4.31] vs. 16.68 [SE 1.40], t = 1.77, df = 18, P = 0.047).

DISCUSSION

The overall germination rate of T. bipinnatum seeds the experiment pre-
sented here was relatively low compared to other Tanacetum species, which
had approximately 50–96% germination (Mitchell 1926; Jacobs 2008; Li et al.
2011), as well as previous reports for T. bipinnatum rates (Nichols 1934).
While cold storage did not appear to improve germination rates, applying a
darkness treatment dramatically improved T. bipinnatum germination rates.
This is likely related to sand accretion within dune ecosystems, allowing
seedlings to establish in an environment with active dunes. Tanacetum bipin-
natum is typically found along both active and well stabilized dunes, as de-
scribed by Voss (1996), in areas with sand accretion that would likely bury
seeds. The moderate increase in control seeds germinating compared to those
with cold storage or dark control treatments may be related to pre-winter ger-
mination, in that a sub-set of seed may be able to germinate without winter
temperatures or burial in sand. Those seeds germinating without exposure to
cold temperatures would have a lower likelihood of being buried by sand and
may have light requirements in order to germinate. Survival of those seedlings
establishing prior to winter is not known, but survivorship of T. bipinnatum
seedlings may be variable related to the timing of germination, as with other
dune plant species (Maun 1994).
Previously, Marshall et al. (2008) found T. bipinnatum percent cover was 3-

times greater in areas without compared to areas with C. stoebe. In addition,
Latsch (2011) did not encounter any T. bipinnatum individuals in areas in-
vaded by C. stoebe. The results presented here demonstrate that T. bipinnatum
seedlings in the presence of C. stoebe had reduced above- and below-ground
biomass compared to plants grown individually. Even T. bipinnatum grown in
competition with a conspecific had greater leaf count, above-ground biomass,
and longer roots, suggesting that growth reductions in competition with C.
stoebe are not simply the result of another plant present. Competition with C.
stoebe can cause significant reductions in the numbers and biomass accumula-
tion in other plant species (Callaway et al 1999; Ridenour and Callaway 2001).
Mechanisms of these growth reductions through competition may not be clear;
however, in competition with T. bipinnatum, C. stoebe accumulated signifi-
cantly more below-ground biomass than when grown individually. This addi-
tional root biomass may have resulted in increased surface area for water and
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nutrient absorption. The allelopathic effect of (±)-catechin produced by living
C. stoebe roots has been suggested as having variable influence on neighbor-
ing plants (He et al. 2009). Allelopathy may be one explanation for the lower
biomass accumulation of T. bipinnatum in competition with C. stoebe.
Seed from T. bipinnatum collected at Pictured Rocks National Lakeshore

had relatively low germination rates, limiting the number of viable seeds avail-
able for population expansion and survival within the Grand Sable Dunes.
Those seeds that are able to germinate may suffer as seedlings establishing
under competition with C. stoebe. Potentially low germination rates in combi-
nation with increasing competition by expanding populations of C. stoebe
within dune ecosystems may further limit the distribution of T. bipinnatum
within the Great Lakes region and may explain why previous studies in the
Grand Sable Dunes found T. bipinnatum absent or with reduced percent cover.
An additional factor potentially affecting population expansion is related to
pollination success. Other Tanacetum species, such as T. vulgare (=Chrysan-
themum vulgare), have a strong indication of self-incompatibility (Lokki et al.
1973). Therefore, low density T. bipinnatum populations, like those found in
Grand Sable Dunes, may experience problems related to pollinator success.
Additional research is needed to identify mortality and growth rates of matur-
ing T. bipinnatum past the first three months of establishment in competition
with C. stoebe and other invasive plants.
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