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STEWARDSHIP ACCOUNT - Centaurium muehlenbergii

Species | nfor mation

Name:

Scientific: Centaurium muehlenbergii (Griseb.) Wight ex Piper

Synonyms: C. curvistamineum (Wittr.) Abramsand C. floribundum (Benth.) B.L. Rob. (Missouri Botanical
Gardens - W3TROPICOS November 2001; ITIS November 2001) Kartesz (1994) does not list C.
floribundum as a synonym.

English name: Muhlenberg’s centaury; The name Centaurium is from the greek word kentaurous, referring

to the centaur Chiron who supposedly discovered the medicina properties of the genus (Hitchcock et al.

1969).

Family: Gentianaceae - Gentian Family

Classification:

Centaurium is generally considered to be a taxonomically difficult genus (Cronquist et al. 1984; Hickman
1993; Holmes & Wivagg 1996; Mansion, pers. com., 2001; Pringle, pers. com.; 2001, Turner 1993) and
further work is needed to clarify the taxonomic status of the species within this genus. Dr. Pringle suggests
that the name C. muehlenbergii has been misapplied to C. exaltatum, C. tenuiflorum, C. dawyi, C. erythraea,
C. pulchellum, and possibly three or four other species. Similarly he feels the synonym C. floribundum has
often been applied to North American specimens of the naturalized C. tenuiflorum (Pringle, pers. com., 2001).
Guilhem Mansion is currently studying the molecular systematics of the genus Centaurium on a worldwide
basis. His preliminary results suggest it would be useful to recognize a * Centaurium muehlenbergii complex’
which includes C. curvistamineum, C. floribundum, and C. tenuiflorum He also suggests a hybrid origin of
C. muehlenbergii, involving C. erythraea and C. tenuiflorum Dr JPringle feels that G. Mansion has
misapplied the name C. muehlenbergii to a naturalized weedy taxon (which is closely related to C.
tenuiflorumand C. erythraea), and that his molecular studies do not relate to the ‘true’ rare C. muehlenbergii
(ie. none of the specimens used for the molecular work were from the ‘true’ rare taxon).

Due to the confusion regarding the taxonomy of C. muehlenbergii it is difficult to ascertain which literature
referencesto C. muehlenbergii actually pertain to the ‘true’ rare plant, and which references have been

misapplied.
An dternate spelling for the specific epithet is muhlenbergii (Gillett 1963)

Similar Species[in B.C.]:

Two other species of Centaurium are recognized in B.C. C. erythraea has awell devel oped basal rosette and
the flowers are unstalked [or nearly so]. C. exaltatumlacks awell developed basal rosette, the flower stalk
is much longer than the calyx, the calyx is aslong or longer than the corolla tube and the anthers measure 0.5
- 1.0mm. C. muehlenbergii lacks awell developed basal rosette, the flower stalk is shorter than the calyx,
the calyces are shorter than the corolla tubes and the anthers measure 1.5 - 2.0 mm long (Douglas et a. 1999).
Also, see 1 b. Dr. J. Pringle feels that the naturalized C. tenuiflorumis‘due’ to show up in B.C. (Pringle,
pers. com., 2001).

Range and Known Distribution:

Global range:

From south west British Columbia south to Nevada and California[ ie B.C., Washington, Oregon, California,
Idaho and Nevada ( Douglas et al. in press; NatureServe 2001)].

The USDA Plants Database indicates that C. muehlenbergii also occursin Texas, Mississippi and Louisiana
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(USDA 2001).
Dr. James Pringle feels that the specimens reported from Nevada are misidentified C. exaltaum and those
from Texas, Mississippi and Louisiana are C. tenuiflorum (Pringle, pers. com., 2001).

Canadian range:
Known only from SW Vancouver Idand [Uplands Park, Oak Bay], Chatham Idand and Stanley Park in the
Lower Mainland (Douglas et al. in press, Donovan, pers. com., 2001).

British Columbiarange:
- Asliged in 2b.

- C. muehlenbergii has not been collected in the Lower Mainland [Stanley Park]since1911.
- It was collected at a minimum of two locations on Chatham Idand in 1976.

Habitat Description

General habitat requirements of the species:

genera habitat type: In B.C. - Moist meadows in the lowland zone [CDFmm, CWHdm] (Douglas et dl.
in press), also salt marsh (Donovan, pers. com., 2001);

Over entire range - coastal bluffs, wet openings in woods, moist places in sagebrush scrub (Pringle, pers.
com., 2001), damp places below 1500, redwood forest, oak woodland and mixed evergreen forest (Munz
1959) [Dr. Pringle feels that some of the characters used by Munz (1959) are questionable.], stabilized
sand dunes (Rittenhouse ), wet prairies (Guard 1995), faculative wetland [FACW ie. usually occurs
in wetlands, but occasionally found in non-wetlands] (Reed 1988), sagebrush scrub, redwood forest,
mixed evergreen forest, northern oak woodland, foothill woodland, valey grasdand, northern juniper
woodland (Calflora 2001), serpentine and annual grassand (Callizo et a. 1997); low damp ground, moist
places, south dope and dry prairie (Kinter, per.com., 2001); common to moist open forest in Northern
Cdlifornia (Keeler-Wolf et al. 1998).

specific habitat type: BC - moist meadows, salt marsh, verna pools (Donovan, pers. com., 2001).
specific characteristcs: BC - chernozemtlike soil, dark brown with abundant humus incorporated into the
upper horizons, seasonally flooded meadow which dries out during the summer (upland park); margin of
drier Distichalis spicatus marsh [Chatham island]( Donovan, per. com., 2001), Mediterraneantlike climate
with dry, warm summers and mild, wet winters (Fuchs 2001).

Over entire range - serpentine formations (Callizo et al. 1997), poorly drained lowland soils or well
drained soils with shallow bedrock impeding drainage alowing standing water to accumulate during the
summer (Wilson 19983).

dependence on abiotic and biotic dynamic factors: most abundant in small patches where old whed ruts
are present, or in shallow depressions where Agrostis sp. does not form a dense cover.

dynamic factors- no information found.

associated native and non-native species. Agrostis sp., Cynosurus cristatum, Danthonia californica
Digtichalis spicatus, Lolium perenne, Trifolium dubium

other species at risk occurring in same habitat: 60 other plant taxa are listed as being at risk in Garry oak
[Quercus garryana] and associated ecosystems, including 11 designated by the COSEWIC as being at risk
at the national scale. Twelve are at risk on agloba scale (Fuchs 2001).

Habitat availability and net trendsin habitat change:

British Columbia:

Less than five percent of Garry oak ecosystems remain in near natural condition in B.C. Since the arrival
of European settlers approximately 150 years ago, much of the Garry Oak habitat has been lost due to
agricultural, urban or industrial use. The remaining areas have been impacted by encroachment of woody



Sewardship Account - Centaurium muehlenbergii
40of 15

species due to fire suppression and invasions of exotic species. It is estimated that |less than 1000 hectares
remains in near-natural condition and this is fragmented.
Victorig, one of the fastest growing urban areas in North America, islocated in the centre of the Garry
oak habitat in BC. It has been estimated that the population could increase by thirty percent in the next 30
years, resulting in further encroachment of the natural areas.
Fuchs (2001) indicates that additional globa warming could increase the range of Garry oak and
associated ecosystems.

United States:
Similar trends exist in Garry oak habitats in Washington, Oregon and California. The relationship
between fire history and Garry oak [and associated ecosystems] has been studied in al three states (Fuchs
2001). One areathat has been well documented is the Willamette Valley in Oregon. Before European
settlement, the Willamette Valley is thought to have been covered by oak savannah and prairie that was
maintained by controlled burning. Fire suppression after European settlement in the 1800's allowed the
growth of dense stands of uniform aged oak trees (Pike 1971; Merifield 2000). C. muehlenbergii isa
common native forb of the remaining wetland prairies of the Willamette Valey (Wilson 2001). These
wetland prairies are highly fragmented and considered among the rarest of Oregon’s ecosystems. The
decline is due to invasion of both woody plant species and pest organisms, agricultural or urban
encroachment and changesin hydrology (Wilson 1998a & b).
Habitats other than Garry oak ecosystems have aso been reported for C. muehlenbergii [see3d].

c) Habitat ownership/protection:
Thereis no existing legisiation that compels any level of government to protect Garry oak or associated
ecosystems. Most of the Garry Oak habitat in B.C. is held by private landholders, and therefore land use
planning falls under jurisdiction of local governments (GOERT 2001). Other areas are managed by BC
Parks, Capital Regional District Parks, Municipal Parks, Songhees First Nation, The Nature Conservancy
of Canada, The Land Conservancy of Canada and The Department of National Defence,
Management of existing C. muehlenbergii sitesin B.C. : Chatham Idand is part of the Songhees First
Nation ( phone 250-386-1043). Upland Park is amunicipal park managed by the District of Oak Bay
(www.district.oak-bay.bc.ca). Stanley Park is managed by the Vancouver Board of Parks and Recregtion,
City of Vancouver (www.parks vancouver.bc.ca).
Amount legally protected: no information found.

4. Statusof Species

endemic to Western North America (Calflora 2001).

global rank: G5? (Douglas et a. in press) - A global rank of 5 indicates that the taxa is demonstrably
secure across its entire range and usually widespread and abundant. C. muehlenbergii israrein B.C. but
more common in the southern parts of its range (Hickman 1993; Wilson 2001; Keeler-wolf et a. 1998).
C. muehlenbergii is not included in the Specia or Rare Plants Lists maintained by the Natural Heritage
Programs in the states of Oregon, California, Nevada or Idaho (Oregon Natura Heritage Program 2001,
Cadlifornia National Diversity Database 2001; Nevada Natural Heritage Program 2001; |daho
Conservation Data Center 2001). As it isnot a sensitive species in these states, occurrence records are
not available through the Bureau of Land Management (California State Office, BLM 1998; Camp, pers.
com., 2001; Loerentzen, pers. com., 2001).

However C. muehlenbergii is now rated as SH [possibly extirpated] by the Washington Natural Heritage
Program (Washington Department of Natural Resources 2001). It does not appear on the current list of
Rare Plants with Ranks (Washington Natural Heritage Program 2001) as the list has not been updated.
(Caplow, pers. com., 2001). All but one of the Washington collections of C. muehlenbergii were
reassigned to the taxa C. pulchullemby Curtis Bjork and C. Rose Broome. Thistaxawill probably be
placed in Review Group 2 - taxa with taxonomic questions which must be resolved (Caplow, pers. com).
Dr. Pringle agrees that the species may be extirpated form Washington (Pringle, pers. com., 2001).
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provincial rank: S1, status: red - A provincial rank of S1 indicates that the plant is criticaly imperiled
because of extreme rarity [less than 5 extant sites] [in this case, one historic site and two extant sites].
threatened related forms: Centaurium exaltatumis also on thered list in B.C., with arank of G5 S1.
Centaurium namophilum [spring-loving centaury] is listed as a federally threatened (FT) by the US Fish
and Wildlife Service (USFW Service 2001b) and the Bureau of Land Management in California (BLM in
Cdlifornia2001). These flowers are endemic to the Ash Meadow wetland in a narrow desert valley about
72 km long situated between Bestty, Nevada and Tecopa, California (University of Nevada 2001). An
Endangered Species Recovery Plan is available online (USFW Service 2001b) (Roy, pers. com., 2001).
Centaurium sebaeoides is aso listed as FT by the USFW Service. It isonly found in Hawaii. (USFW
Service 2001b). C. rigualii is noted as endangered by Gonzaez et al. (1997)

specia scientific interest: Centaurium species have been used in avariety of research topics. The
systematics of the group has been investigated through cytotaxonomic studies (Zeltner 1978,1985,1990
&1991; Broome 1978; Ward 84) molecular systematics (Yuan & Kupfer 95; Mansion, pers. com., 2001),
chemotaxonomical studies (Van der Sluis 1985) and plant anatomy (Rao & Chinnappa 1983a&b). The
phytochemistry of Centaurium species has been studied by a number of authors (Khafagy & Mnajed
1970; Beerhues & Berger 1994; Jankovic et a. 1998; Barillas & Beerhues 1997; Mandd et a. 1992).
possibility to be confused with other common species. See section 1b. Other authors mention the
possibility of confusing C. muhlenbergii with C. erythraea (Hickman1993), or C. exaltatumand C.
pulchellum (Cronquist et a. 1984).

genetic importance: Specimens of C. muehlenbergii found in B.C. may be of specia interest genetically,
as populations on the periphery of arange may be geneticaly distinct from the main population and more
vulnerable to disturbances such as climate change (Ward et al. 1998).

Other Uses: Most members of the Gentianaceae are found to contain a variety of phytochemicals, most
commonly xanthones and secoiridoids. Xanthones are yellow dyes that are pharmacologically active.
Secoiridoids are responsible for the bitter taste of many gentians and are used for their digestive
properties (Mansion, pers.com., 2001). C. erythraea which contains both xanthones and secoiridoids has
along history of use as aherba remedy. A trandation of amediaeval Latin poem of the tenth century
mentions Centaury as being powerful against ‘wykked sperytis. Similarly, C. erythraeais mentioned in a
trandation of adavic medica text form the fifteenth century (Grieve 1992; Jankovic et . 1998 & 2000;
Ruxic & Simonic 1993). More recently it has been studied by a number of authors. C. erythraea has
been shown to have anti-inflammatory, antipyretic, antioxidant, antimutagenic and diuretic effects
(Berkan et a. 1991;Vaentao et d. 2001;Haloui etal. 2000; Schimmer & Mauthener 1996) and has been
used as part of aherbal preparation to treat hyperglycemia (Petlevski et a. 2001). Other Centaurium
species such as C. linarifolium are also known to have medicinal properties (Mandal et a. 1992).
Centaurium spp. are used in the Pacific Northwest by herbalists to prepare a bitter tonic used to treat poor
appetite and digestive problems (Moore 1995). C. muehlenbergii is used by the Mahunatribein
Cdliforniaas alaxative. C. venustais used by the Luisenostribe to treat fevers(MPNADB 2001).

How much of range is protected: no information found

LifeHistory

Genera - C muehlenbergii isasmal [3 -30(40) cm] annual which blooms from June to early fall and
produces numerous small [<0.5mm] brown reticulate seeds (Pringle, pers. com., 2001; Cronquist et al.
1984;St. John 1962; Kinter, pers. com., 2001).

Phenology - see 5a.. Baresova (1984) studied the hormonal control of morphogenesisin C. erythraea.
Schaeppi (1969) studied shoot development in Centaurium species. Seed germination in C. umbellatum has
been studied by Formanowiczowa & Kozlowski (1973). Schat et a. (1984) found that C. littorale hadan
absolute requirement for cold vernalization. After vernalization, flowering occurred as soon as the day length
exceeded a crtitcal value [12-16 hours).

Pollination biology - C muehlenbergii has a salverform corolla when the lobes are extended [corolla 12-19
mm including the narrow elliptic lobes [2-7mm]] (Pringle, pers.com., 2001). Kugler (1977) reports that
Centauriumerythraea with its nectarless salverform blossom, produces very little pollen and is essentially
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autogamous. Broome's thesis (1974) contains a section on breeding systems of the Mexican and Central
American Centaurium species. Dr Pringle suggests that it would not be advisable to extrapolate from
generalities about the species, because some species are largely autogamous and some are largely outcrossing.
In some the floral morphology may vary according to growing conditions (Pringle, pers. com., 2001). Inthe
genus Centaurium, nectary glands are located at the base of the corolla tubes, aternate with the stamens
(Douglas et d, 1999).

Reproductive ecology - Mot authors refer to C. muehlenbergii asan annual. The PLANTS Database (USDA
2001) lists it as either an annua or biannua. Hickman (1993) suggest that it may persist as abiannual if
damaged. Natural hybridization has been observed between C. erythraea and C. littorale in England (Ubsdel
1979; Vohra 1970). In hisongoing study of the ‘ Phylogenetic rel ationships within the subtribe Chironiinae
[Gentianaceae] with a particular focus on...the genus Centaurium’ Guilhem Mansion proposes that
alopolyploidy has occurred in severa clades of Centaurium and that the C. muehlenbergii complex shows
evidence of diverse introgressive hybridization (Mansion, pers.com., 2001).

Survival - See 5h. McGee (1985) found that C. erythraea was dependent upon mycorrhizal infection for
growth and survival under conditions of low nutrients.

Physiology - With regard to the genus as awhole, Mansion notes that Centaurium species may be found in
various habitats. Most species are calcicolous, some are acidiphilous [C. scilloides] and afew are restricted to
gypseous soils. However, for Centaurium germination and growth, edaphic conditions appear to be of little
importance compared to the amount of available moisture and sunlight (Mansion, pers. com., 2001). Schat
(1983) noted that C. littorale would not germinate without light and that even moderate salinity levels
strongly reduced growth and prolonged the vegetative stage (Schat 1986). Freijsen (1971) and Freijsen &
Van Dijk 1975) studied the differences in growth rate and salt tolerances between different varieties of C.
littorale. Catling & Mckay (1980) studied the ecology of the halophytic species C. pulchellum in southern
Ontario.

Dispersal - no information found.

Nutrition and interspecific interactions - Schat et al. (1984) studied the response of C. littorale, abiennia, to
nutrient stress and found that growth was limited by phosphorous levels. I1n another study, Schat et a. (1989)
found that C. pulchellum produced longer [as apposed to more] capsules and therefore more seedsin
eutrophicated sites compared to lessfertile sites. Asnoted in 5e, seedlings of C erythraea were found to be
dependent on mycorrhiza infection for growth and survival, with the plants showing a marked growth
response to infection. Gay et a.(1982) found that seedlings of C. erythraea became mycorrhizal within two
weeks of germination. Both studies found the mycorrhizal species to be a pecuiliar form of vesicualr-
arbuscular type.

Behaviour/ Adaptability - Mansion suggests that most Centaurium species do not compete well with other
species and therefore are found in disturbed and open places (Mansion, pers. com., 2001). Gay et al. [1982]
describe C. erythraea as ‘turf compatible’ i.e., able to regenerate in closed turf. Some Centaurium species
such as C. erythraea do appear to be very successful weeds. Davies & Waite (1998) found that seeds from C.
erythraea dominated the seed bank in a calcareous grassland area.  Bekker et a. (1999) considered C.
littorale a early successional pioneer species. However the seeds persisted in the soil for a significant time.

How the Speciesis at Risk

As discussed in 3b, less than five percent of Garry oak ecosystems remain in near natural conditionsin B.C.
Within that available habitat, C. Muehlenbergii is apparently restricted to moist open areas. The remaining Garry
oak habitat is also fragmented and the native species have to compete with aggressive exotics such as Scotch
broom, Englishivy, Himalayan blackberry and orchard grass. The remaining habitat has also been impacted by
growth of native shrubs due to fire suppression. Both these native and exotic shrubs pose a problem for C.
muehlenbergii if it doesin fact need full sunlight for germination. Turf forming exotic grasses may also be
difficult to compete with.

7.

M anagement Recommendations
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A recovery strategy for the Garry oak and associated ecosystems has been developed (GOERT 2001). Phase one
focuses on the development of aninformation base, to protect and manage known sites to minimize immediate
loss, and to motivate protection and stewardship through public education

General management prescriptions:

Fire exclusion has been identified as the most serious ecological problem facing remnant Garry oak
stands in the United States and prescribed fire has been tried as a restoration tool in Washington, Oregon
and Cdlifornia (GOERT 2001; Wilson 1999). A variety of management tools have been tried to control
exotic species, including manual, mechanical, chemica and biologica controls, aswell asfire. However
success has been limited (GOERT 2001). Management strategies for the wetland and upland prairies of
the Willamette Valey are currently being studied at Oregon Sate University. Prescribed burning has been
effective in controlling woody plants but must be supplemented with additional control of weedy herbs
[manua weed removal, and seeding of native species] (Wilson et a. 1995;Wilson 1999; Clark & Wilson
2001). The use of mowing as a control tool produced mixed results (Bartels & Wilson, in press; Wilson &
Clark 1997; Wilson & Ingersoll 1993; Clark & Wilson 2000a,b). Further research is needed on the timing
and frequency of burns and to determine the long term effects of different techniques (Maret & Wilson
2000; Clark & Wilson 1998Db).

A study by Zwaenepoel & Hermy (1987) in Belgium suggests that mowing, and the maintenance of a
high water table as well as oligotrophic conditions are important for the survival of C. erythraeaand C.
pulchullem.

Studies on grassland seedbanks by Dutoit and Alard (1995) found that the naturally occurring seedbanks
in previoudy species-rich areas [which had been intensely grazed or abandoned] were not sufficient to
restore the area [i.e. recolonization from another source was necessary]. Therefore management of a
speciesrich grassland had to be designed to preserve the plant community, as well asimproving
dispersion from other source areas.

Research is required to determine the feasibility of reintroducing C. muehlenbergii to restored areas. C.
erythraea, abiennia, is cultivated commercialy on a small scale in North Africaand central Europe
(Stuart 1979; Mackova 1988). This species has aso been cultured in vitro in laboratory settings, and
propagated from different types of aseptic seedling explants (Amorim & Fernandes 1998). Laboratory
work has aso alowed for the micropropagation and in vitro storage of the endangered species, C. rigualii
(Iriondo & Perez 1996). Further work on the same species has alowed for the cryopreservation of nodal
explants using the escapsul ation-dehydration method (Gonzalez et a. 1997). In the future, similar work
on C. muehlenbergii could provide plants for restoration work.

Research is required to determine if C. muehlenbergii is dependent on a mycorrhizal relationship to
maximize its nutritional uptake [as appears to be the case for other Centaurium spp.]. Thisinformation
could then be applied to any reintroduction programs
It would appear that a mixed approach will be necessary to restore the remnant Garry oak areas remaining
in B.C. Asany management plan will be labour intensive, it would be prudent to be proactive to prevent
new exotics from becoming established.

Specific management prescriptions,
Removal of exotics from existing moist meadow habitats.

Removal of native and exotic shrubs from other potential wet meadow aress.

Reintroduction of C. muehlenbergii.
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The meadows in Uplands Park are used heavily as dog exercise areas. It may be necessary to restrict
access to the meadows during the flowering/seed set period.

Removing flower/seeds from exotics [such as Scotch thistle] before the seeds mature could be an
effective weed control measure.
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