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POINT-OF-VIEW

Changes to the Botanical Code and What
They Mean for Western North

American Botany

The modern botanical code is the result of

decisions and compromises made by numerous
individuals and committees over the past several

hundred years. Its purpose is to create a standard

for the conventions appHed to the naming of

algae, fungi, and plants. The 18^'' meeting of the

International Botanical Congress (IBC) took

place in Melbourne, Australia during the summer
of 2011, where several important amendments
were made to the code. One change resulted in

the renaming of the code itself. To reflect a more
accurate understanding of the set of rules

governed by the Nomenclature Section of the

IBC and its voting body, the International Code

of Botanical Nomenclature (ICBN) will now be

known as the International Code ofNomenclature

for algae, fungi, and plants (ICN) (McNeill and
Turland 2011).

The Nomenclature Section of the IBC in

Melbourne also ruled that new species diagnosis

and/or descriptions may now be written in

English. Previously, to validly publish a new
name, a diagnosis (how the new plant differs

from its close relatives) and/or description (a

comprehensive summary of the characters) in

Latin was required to introduce the taxa into

science. Article 36 in the revised code states that

as of January 1, 2012, publication of a new
species does not have to be written in Latin, but

can be replaced with English (Smith and Figueir-

edo 2011). Ultimately, the decision of whether to

write the description in English or Latin rests

with the journal or publisher (Knapp et al. 201 1).

This change will not affect the scientific naming
of plants, which will still be done in Latin.

Articles 29, 30, and 31 of the updated code
outline the use of online publishing as an
accepted way to publish new plant names and
name changes. Prior to this change, a printed

version was required to validly publish a new
species name. According to Article 29, an online

publication accompanied by either an Interna-

tional Standard Serial Number (ISSN) or an
International Standard Book Number (ISBN) in

a PDF format will suffice (Knapp et al. 2011).

The articles also list several recommendations such

as depositing printed material of new names or

name changes in libraries on several continents and
publishing in journals that are archived in several

online repositories. Article 30 states that electronic

publishing will not be recognized if the publication

date was before January 1, 2012, and indication of
draft and final versions of publications should be

clear. Article 31 states that parallel publications of

printed and online material must be treated as

having the same date, and that the publication date

should be clearly stated somewhere in the article. If

the PDF format becomes outdated and another

format becomes more widespread, the ICB allows

the terms of best practice to conform to these

changes. These updated methods and recommen-
dations will help botanists publish and distribute

new botanical information in a timely, standard-

ized, and efficient manner.

The most publicized and controversial decision

made by the Nomenclature section of the IBC was
over the retypification of the genus Acacia, which
has been shown to be polyphyletic and therefore

in need of revision (Luckow et al. 2003).

According to the code, if a genus is split, the type

specimen may be changed if the split causes too

much disruption and renaming of species. During
the 2005 Vienna conference, the ruling was made
to change the type specimen from A. scorpioides

(L.) W. Wight (formerly A. nilotica Karst.) to A.

penninervis Sieber ex DC. The retypification

conserved 960 species of Acacia, and caused

160 1 70 to be placed in the separate genera

including: Acaciella, Senegalia, and Vachellia

(Luckow et al. 2005). For CaHfornia botanists,

our native catclaw {Acacia greggii) was renamed
Senega Iia greggii (Baldwin et al. 2012). The
conservation of the genus allowed most of

Australia's wattles to remain in Acacia, while

acacias in Asia, the Americas, and especially

Africa required name changes. Several botanists

challenged the ruling, believing it to be unfair

particularly to African botanists (Moore and
Cotterill 2011).

These changes and revisions make publishing

new species more efficient and accessible to the

next generation of botanists. Publishing new
names and name changes online, along with

allowing new species descriptions in English, will

help modernize the way botanists work. Although
the changes made to Acacia were controversial,

the conservation of the name was with the most
speciose group in the former genus, and the

change helps us better understand the complexity

of this large group of trees and shrubs.

—Taylor Crow and Matt Ritter, Biology

Department, Cal Poly, San Luis Obispo, CA
93407, tmcrow8@gmail.com
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Abstract

Carex Icinnwnii W. Boott is a widespread California endemic. Herbarium and field studies showed
its extensive morphological variation included plants called Carex alhida L. H. Bailey, previously

considered endemic to Sonoma County, California. Due to extensive overlap, characters of the

perigynium, achene, inflorescence, and foliage did not separate the two taxa. Carex alhicia becomes a

synonym of the earlier name, Carex /enmiouii, which has implications beyond nomenclature. Carex
lemmonii is common and is not a conservation priority in California. When merged with Carex
lemmonii, the only known natural population of Carex alhida will no longer qualify for protection

under federal and state endangered species legislation. A key and illustrations are provided for

California species in Carex section Auloeystis Dumort.

Key Words: California, Carex alhida, Carex leiujuonii, Cyperaceae, endangered species.

Carex sect. Auloeystis Dumort. (syn. sect.

Ferrugineae (Tuckerman) Kiik.) is represented

by eight species in North America, with five

species recorded in California (Ball and Mastro-
giuseppe 2002). One of these is C. alhida L. H.
Bailey, white sedge, restricted to Sonoma County,
CaHfornia. It was first collected on 1 May 1854,

by Dr. Jacob M. Bigelow, expedition surgeon
and botanist for Lieutenant Amiel W. Whipple's
exploration for a railway route from the Mis-
sissippi River to the Pacific Ocean, near the 35th

parallel of latitude (Torrey and Gray 1857,

p. 154). References to George Thurber as a

collector of C. alhida (e.g., Boott 1880; Bailey

1889; Kiikenthal 1909) are apparently an error,

according to Howell (1957). Thus Bigelow was
the only botanist to find C. alhida in the 1800's,

perhaps from present day Laguna de Santa Rosa
(Best et al. 1996). There are only a couple
additional locations from the 1900's (Howell
1957).

At present, plants called Carex alhida are

reduced to a single extant population in the

diminished remnants of Pitkin Marsh wetlands,

at an elevation of 30 m. The same site also

supports a population of the Federally Endan-
gered Lilium pardalimun Kellogg subsp. pitki-

nense (Beane & Vollmer) Skinner. Carex alhida

received protection as State Endangered under
California legislation in November 1979. Federal
listing as an Endangered Species came 22 October
1997 (62 FR 55791).

Carex lemmonii W. Boott, Lemmon's sedge, as

traditionally defined, is a California endemic,
known from 25 counties across the state, ranging
in elevation from 700 to 3000 m (Consortium of

California Herbaria 2010). It favors creek banks,

wet meadows, boggy meadows, fens, inarshes,

and peatlands, and occasionally is found on
serpentine soils.

The type material of Carex alhida was imma-
ture, and for many decades there were no
additional collections. Eventually botanists ques-

tioned its taxonomic validity. Mackenzie (1922)

combined C. alhida with C. luzulina Olney. Later,

Mackenzie (1935, 1940) lumped C. alhida with C.

lemmonii. However, his broad circumscription of

C. lemmonii was not followed by Stacey (1937),

who described C. alhida again, as C. sonomensis

Stacey. Howell (1957, 1965) included C. sono-

mensis within C. alhida, while retaining C.

lemmonii as a distinct species. His approach was
followed by Mastrogiuseppe (1993) and then

Ball and Mastrogiuseppe (2002). These different

taxonomies were difficult to reconcile when
preparing a treatment of Carex for the revision

of the Jepson Manual (Mastrogiuseppe 1993;

Zika et al. 2012). The purpose of this study was to

evaluate the morphological characters various

authors have used to discriminate between C.

alhida and C. lemmonii. and explain the revised

classification presented here.

Methods

The sedge literature was reviewed for morpho-
logical characters that separate Carex alhida from
C. lemmonii. The taxonomic concepts of the most
recent treatment. Ball and Mastrogiuseppe (2002)

served as a starting point. Characters of foliage,

perigynia, achenes and inflorescences used in the

literature over the last century were measured on
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Table 1. A Comparison of Carex albida (Including the Type of C sonomensis) and C. lemmonii
(Including THE Type of C. abramsii), with Emphasis on Characters Historically Used to Distinguish
Between the Two Taxa. All specimens examined for C. albida are from Sonoma Co. (n = 39). All entries for the

C. leumumii column are from outside Sonoma County (n = 270). Achene length includes the stubby stipe at the

base of the achene body, but does not include the irregular style remnants above the achene body.

Taxon

Character

Dried leaf width (mm)

Fresh leaf width (mm)
Inflorescence length (cm)

Inflorescence lowest

internode (cm)

Distal lateral spikes

clustered

Terminal spike overtops

lateral spikes

Sex of terminal spike

(S = staminate;

P = pistillate)

Lateral spike length (mm)
Scale color outside the

green midrib

Perigynium color

Perigynia (mm)

Perigynium beak teeth

bristly

Achene outline

Achene (mm)

C albida (Sonoma Co.)

1.7-5.6

2-8 (cultivated)

2.5-37

1-19

Y or N

Y, or slightly

S, S/P, S/P/S, P/S, P

5-15

white, green, light brown,
gold, sometimes red-

brown splotches

green, light brown

3.1-4.2 X 1.0-1.5(1.8)

Y or N

obovoid, obovoid-elliptic,

obovoid-oblong, ovate-

elliptic, ovate-oblong,

elliptic

1.6-1.9 X 1.05-1.2

C. leinmonii

(except Sonoma Co.)

1.2-5.8

1.5-6.5 (wild)

5-49.2

1.5-20

Y or N

Y, or slightly

S, S/P, S/P/S, P/S, P

6-22

white, green, light brown,
gold, red-brown,

sometimes dark purple

splotches

green, light brown,
sometimes red-brown

or dark purple splotches

(2.5)2.8^.5(4.8) X
(0.8)1.0-1.5(1.8)

Y or N

obovoid, obovoid-elliptic,

obovoid-oblong, ovate-

elliptic, elliptic, broadly

elliptic

1.4-2.0 X 0.8-1.3

Author using character

Mastrogiuseppe (1993);

Ball and
Mastrogiuseppe (2002)

Mastrogiuseppe (1993);

Ball and
Mastrogiuseppe (2002)

Mastrogiuseppe (1993)

Kukenthal (1909); Stacey

(1937); Howell (1957,

1965); Mason (1969)

Stacey (1937)

Stacey (1937); Howell

(1965); Mason (1969);

Mastrogiuseppe (1993)

Mastrogiuseppe (1993)

Kukenthal (1909); Stacey

(1937); Howell (1957,

1965); Mason (1969)

Howell (1957)

Howell (1965);

Mastrogiuseppe (1993)

Howell (1957)

Stacey (1937)

US Fish and Wildlife

Service (2009)

herbarium specimens, using a micrometer and
dissecting binocular microscope. Gatherings of

C. albida (as well as its synonym C. sonomensis)

and C. lemmonii (as well as its synonym C.

abramsii Mack.), were studied at the following

institutions: BM, CAS, CHSC, DS, F, G, GH,
BSC, JEPS, K, MICH, MO, NY, ORE, OSC,
NY, POM, RSA, S, UC, US, WILLU, WTU,
and YM (acronyms from Holmgren et al. 1990).

All available types were scrutinized. This
preliminary study utilized 39 herbarium speci-

mens of C. albida, and 270 sheets of C. lemmonii.

The range of variation for 13 characters, across

all of California, was summarized in Table 1.

A principal components analysis (PCA) was
performed in the R environment for statistical

computing (R Development Core Team 2010).

Ordination was performed using Euclidian dis-

tances. Non-metric multidimensional scaling

(NMS) was performed using PC-ORD (McCune
and Mefford 2006), using Sorenson distances.

The maximum number of iterations for the

algorithm to perform was set to 200, however,

the analysis reach a low-stress (10.25%) plateau

after 83 iterations were performed. ANOVA,
NMS, and PCA were based on a subset of 64

herbarium specimens, evaluating 18 morpholog-
ical characters (Table 2). The vouchers are cited

in Appendix 1; they included six isotypes, seven

specimens of Carex albida and 57 specimens of C.

lemmonii (Table 3). Sampled specimens came
from 12 counties and six ecoregions in California

(Baldwin et al. 2012).

Field visits were made to Carex lemmonii

populations in Butte, Mariposa, and San Ber-

nardino counties in 2009 and 2010. Leaf width

was measured fresh on ten cultivated plants of C.

albida at the Botanical Gardens of the University
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Table 2. The 18 Morphological Characters
Evaluated for ANOVA, PCA and NMS Analyses.

Morphological character

Width of narrowest basal leaf (mm)
Width of widest basal leaf (mm)
Stem height (cm)

Inflorescence length (cm)

Length of proximal inflorescence internode (cm)

Clustering of distal spikes (yes or no)

Distance from apex of distal lateral spike to apex of

terminal spike (mm)
Sex of terminal spike

Length of shortest lateral spike (mm)
Length of longest lateral spike (mm)
Color of pistillate scales (whitish-green, red-brown,

dark purple)

Color of perigynia (whitish-green, red-brown, dark

purple)

Length of perigynium (mm)
Width of perigynium (mm)
Perigynium beak teeth with bristles (yes or no)

Distance from achene apex to perigynium beak apex

(mm)
Length of achene body (not including stipe or beak;

mm)
Width of achene body (mm)

of California in Berkeley, in November 2009.

Corresponding measurements were made on
living plants of C. lemmonii in meadows along

the South Fork of the Santa Ana River in San
Bernardino County in August 2010. Vouchers of

C lemmonii were deposited at CHSC, JEPS,
MICH, OSC, RSA, and WTU.

Results

Taxonomists often use perigynium differences

to separate closely related Carex species. Photo-

graphs of the perigynia of each California

member of sect. Aulocystis are shown in Fig. 1.

Typical C lemmonii perigynia (Fig. lA-E) show

variation in length, width, outline, color, streaking,

and marginal bristles. Each sample of4—5 perigynia

was derived from a single herbarium specimen.

With practice, C. lemmonii perigynia are distin-

guishable from C. luzulina (Fig. IG) by beak
length and color differences. Carex luzulifolia S.

Watson perigynia (Fig. IF) have broader wings
and longer, narrower, more abrupt beaks than C.

lemmonii. Carex fissurieola Mack., with perigynia

somewhat intermediate between C. luzulina and
C. luzulifolia, is separable by its stiff spreading-

ascending bristles just visible as a sparse white

fuzz (Fig. IH). In summary, typical perigynia of

C. luzulina, C. luzulifolia, and C. fissurieola look

different from typical perigynia of C. lemmonii,

as shown in Fig. 1 . But within C. lemmonii plants

from Sonoma Co. (Fig. lA) are not distin-

guishable from specimens from Mariposa Co.
(Fig. IB). Perigynia from the types of C. sono-

mensis (Fig. lA) and C. ahramsii (Fig. IE) merge
imperceptibly with perigynia of C. lemmonii from
elsewhere across the California floristic province.

This pattern of overlap was also true for the

other features measured. A detailed examination

of critical morphological characters, including

foliage, inflorescences, spikes, scales, achenes, and
perigynia, is collated in Table 1 . The preliininary

study did not find any character that discrimi-

nates between Carex alhida and C. lemmonii. The
most extreme difference was leaf width, which was
reported to be slightly greater in C alhida than in

C. lemmonii (Mastrogiuseppe 1993; Ball and
Mastrogiuseppe 2002). Leaf width was found to

decrease when specimens were dried, and was
too variable between individuals to be useful

(Table 1). Even with fertilizer treatments, several

cultivated plants of C. albida had widest (fresh)

leaves 5—5.5 mm, while other garden plants had
fresh leaves 7-8 mm wide. Within this continuum
fit wild plants in the San Bernardino Mountains,
with widest fresh leaves 4-6.5 mm wide. Not all

Table 3. Geographic Origin and Number of Herbarium Specimens of Carex lemmonii ani3 its

Synonyms from California Examined for ANOVA, PCA and NMS Analyses in this Study. See

Appendix for a list of vouchers. County distribution: AL = Alpine Co., BU = Butte Co., EL = El Dorado Co., FR
= Fresno Co., MA = Mariposa Co., NE = Nevada Co., PL = Plumas Co., SA = San Bernardino Co., SI = Sierra

Co., SO = Sonoma Co., TU = Tulare Co., YU = Yuba Co. Ecoregion distribution (Baldwin et al. 2012): CaR =
Cascade Range, NCoRO = Outer North Coast Ranges, n SN = northern Sierra Nevada, c SN = central Sierra

Nevada, s SN = southern Sierra Nevada, SnBr = San Bernardino Mountains.

California counties

Carex AL BU EL FR MA NE PL SA SI SO TU YU

C. abramsii isotype

C. sonomensis isotypes

C. lemmonii 1 23 1 2 3 2 16

1

4 1

5

2 1 2

California ecoregions

CaR NCoRO n SN c SN s SN SnBr

All Carex combined 13 7 31 5 3 5
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Fig. 1. Representative perigynia for Carex sect. Aulocystis, all specimens from California. A. Carex lemmonii

from Sonoma County, an isotype of C. soiioniensis {J. T. Howell & Stacey 13042). B. Carex lemmonii from
Mariposa County [Bolauder 4995). As in A, note large pale perigynia. C-D. Carex lemmonii from two different

populations in Butte County. C. {Copelaml s.n.). D. (Janeway 3039 & Sehlising). E. Carex lemmonii from San
Bernardino County, an isotype of C. ahramsii {Abrams 2816). Note some dark purple blotches. F. Carex luzulifolia

from Tuolumne County {Cohvell 5-361& Grossenbaeher). Note broad flat wing around achene and narrow straight-

sided beak. G. Carex liizulina from Del Norte County {Traey J 91 77). Note beaks slightly longer and color slightly

darker than C. lemmonii. H. Carexfissurieola from Fresno County {J. T. Howell 22451). Note pale bristles on distal

perigynium surfaces.

plants from Sonoma County have broad leaf

blades. Given the variation within populations,

we did not consider leaf width to have any
practical taxonomic significance between popula-

tions. Additional statistical analysis was used to

address this question, as discussed below.

Field visits to Carex lemmonii populations

from Butte, Mariposa, and San Bernardino
counties showed broad variation in many char-

acters. A number of individuals were observed in

the field that closely resembled herbarium spec-

imens as well as cultivated plants of C. albida, in

habit, and in technical details (Table 1).

Quantitative Analysis

An ANOVA of quantitative morphological

traits found that Carex albida specimens did not
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Table 4. Selected Quantitative Morphological Traits in Carex albida (n = 7) and C. lemmonii (n =
57). All C albida specimens are from Sonoma Co., all C. lemmonii specimens are from other counties in California.

C. albida C. lemmonii

Trait (unit of measurement) mean (s.e.) mean (s.e.) 1 clll^C

Leaf width, minimum (mm) Z.D (U. lo) 2.0-3.1 1 Q
1 .O (U.Ud ) 0.9-2.8

Leaf width, maximum (mm) A Q (U.^Z) 3.2-5.9 J.Z ic\ ^f\\
\\). 1 U; 1.8-5.5

Culm height (cm) OZ.O (A 1 '^^ 44.9-73.3 DU. 3 27.7-114.7

Inflorescence length (cm) 1 Q 'ily.j (Z.J /

)

12.0-30.0 1 /.J ( 1 .Z\J

}

5.6-52.8

Lowest infl intemode length (cm) 1 4 0 (? 00^yz..\jyj ) 9.2-24.8 1 0 5 2.8 24.1

Distance between distal-most 2 spikes (mm) 10.1 (1.50) 6.0-8.0 8.3 (0.39) 2.0-17.0

Lateral spike length, minimum (mm) 7.3 (0.47) 6.0-9.0 1.1 (0.25) 4.0-12.0

Lateral spike length, maximum (mm) 11.3 (1.30) 8.0-17.0 12.0 (0.41) 7.0-20.0

Perigynium length (mm) 3.7 (0.08) 3.4^.0 3.5 (0.05) 2.8^.5
Perigynium width (mm) 1.3 (0.03) 1.2-1 A 1.3 (0.03) 0.9 1.7

Perigynium beak length (mm) 1.6 (0.08) 1. 5-1.

7

1.5 (0.04) 0.9-2.2

Achene length (mm) 1.5 (0.06) 1.4-1.8 1.5 (0.02) 1.2-1.8

Achene width (mm) 1.1 (0.02) 1.1-1.2 1.1 (0.02) 0.7-1.4

Perigynium length/width 2.8 (0.10) 2.5-3.2 2.8 (0.06) 1.9-3.8

Achene length/width 1.3 (0.05) 1.2-1.6 1.4 (0.03) 1.1-1.8

Beak lenth/perigynium length 0.4 (0.012) 0.4-0.5 0.4 (0.01) 0.3-0.5

differ from C. lemmonii specimens (F = 0.2732,

P = 0.9999). Except for leaf width, measured
morphological traits of the seven Sonoma spec-

imens were within the range for the 57 measured
C lemmonii specimens (Table 4). The widest

leaves observed were found in C. albida speci-

mens and if that trait were considered alone the

difference between the taxa would be considered

significant (t = 3.721 and 4.979 for minimum and
maximum leaf width respectively, P = 0.001 and
0.007, respectively). But there was considerable

overlap of leaf width with C. lemmonii, as

discussed above (Tables 1, 4). Green scale color

was more common in C. albida than in C.

lemmonii, but occurred in both (Tables 1, 5).

Gynecandrous terminal spikes were observed in

three of the seven C albida and not in the C.

lemmonii specimens, but the other arrangements
observed in C. albida were found in C. lemmonii

(Table 5). Our more extensive sample of C.

lemmonii did yield occasional gynecandrous
terminal spikes (Table 1), so we do not believe

Table 5. Selected Qualitative Traits in Carex albida (n = 7) and C. lemmonii (n = 57). All C albida

specimens are from Sonoma Co., all C. lemmonii specimens are from other counties in California (S = staminate

portion of spike; P = pistillate portion of spike).

C. albida C. lemmonii C. albida C. lemmonii

Trait number number percent percent

Scale color

green 6

red-brown 1

purple 0

Terminal spikes

clustered 6
not clustered 1

Terminal spikes

staminate 2
S/P 1

S/P/S 1

P/S 3

Perigynium color

green 6
red-brown 1

purple 0

Perigynium beak teeth bristly

no 3

yes 4

23

24
10

42
15

48

8

1

0

29

8

20

30

27

86%
14%
0%

86%
14%

29%
14%
14%
43%

86%
14%
0%

43%
57%

40%
42%
18%

74%
26%

84%
14%
2%
0%

51%
14%
35%

53%
47%
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Fig. 2. PCA of 10 quantitative traits in Carex albida (n = 7) and C. lemmonii (n = 57). All C. albida specimens are

from Sonoma County, all C. lemmonii specimens are from other counties in California. See Table 5.

this character has any definitive taxonomic
significance, contrary to previous authors (Stacey

1937; Howell 1965; Mason 1969; Mastrogiuseppe
1993).

Carex albida specimens clustered with C.

lemmonii in the PCA (Fig. 2). In this analysis,

PCA axis one is related to plant size, axis 2 to the

size and shape of the perigynium and achene, and
axis 3 to leaf width and inflorescence size

(Table 6). Together, these axes explain 58% of
the variation in the data. Certain morphological
traits were omitted from the analysis because they

were closely, causatively related (e.g., achene
width with achene length/width ratio, or mini-

mum and maximum leaf width). Similar results

were obtained with the full data set (results not

shown). Results ofNMS that included qualitative

traits (Table 5) as well as quantitative traits gave

similar results (not shown).

Discussion

Critical perigynium features (Fig. 1), selected

morphological characters (summarized in Table 1),

Table 6. Factor Loadings for the First Three Components in Principle Components Analysis (PCA)
OF 10 Quantitative Traits in Carex albida (n = 7) and C lemmonii (n = 57). The proportion of variance

explained by each axis is 0.294 (Axis 1), 0.184 (Axis 2), and 0.105 (Axis 3). All C. albida specimens are from Sonoma
Co., all C lemmonii specimens are from other counties in California. See Fig. 2.

Loadings Axis 1 Axis 2 Axis 3

Leaf width, maximum (inm) -0.262 0.589

Culm height (cm) -0.465 0.104 -0.142

Inflorescence length (cm) -0.360 -0.512
Distance between distal spikes (mm) -0.181 -0.118 0.291

Lateral spike length, minimum (mm) -0.346 0.131

Lateral spike length, maximum (mm) -0.424 -0.247

Perigynium length (mm) -0.377 -0.340 0.304

Achene length (mm) -0.207 -0.541

Perigynium length/width 0.123 -0.554
Achene length/width 0.228 -0.481 -0.229
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as well as statistical testing with ANOVA, PCA,
and NMS all fail to distinguish Carex cilhida from
C. Jemmonii in the herbarium and in the field. In

short, we can find no reason to retain C. alhida as

a distinct species. We agree with Mackenzie (1935,

1940) who combined C. alhida and C. lemniouii

with the note that C. alhida "is based on very

young and poor material, and apparently is best

placed under this species." Review of the ample
collections of the type of C. sonomcnsis in

excellent fruiting condition support this conclu-

sion. Carex lemmonii collections and populations

we have seen from Butte, Plumas and San
Bernardino counties are very similar to plants

from Sonoma County, and at times indistinguish-

able.

The oldest name in the complex is Carex
lemmonii. The relevant nomenclature and syno-

nyms are provided below. Carex alhida should be

synonymized under C. lemmonii, and C. alhida

should be removed from state and federal

endangered species lists. A distribution map for

C. lemmonii was prepared based on all verified

herbarium records (Fig. 3). It includes plants

from the Coast Ranges in Glenn, Lake, and
Sonoma counties.

Taxonomy

Carex lemmonii W. Boott, Botanical Gazette 9:

93. 1884 (see Fig. IB, C, D in this paper).—
Type: [USA, California], 1875, G. Lemmon
s.n., Ex Herb. William Boott (holotype: GH
57537!; isotype: US 292n!).

Carex alhida L. H. Bailey, Memoirs of the

Torrey Botanical Club 1: 9. 1889.—Type:
[USA], California, Santa Rosa Creek, Lieut.

A. W. Whipple's Exploration for a railway

route, from the Mississippi River to the Pacific

Ocean, near the 35th parallel of latitude, in

1853-1854, [1 May 1854], Dr. J. M. Bigelow
s.n., surgeon and botanist to the expedition

(holotype: NY 25089 in part!; isotypes: GH
277342!, K 710288 in part, ex herb. Hooker!,
K 710288 in part, ex herb. W. Boott!, NY
25090 in psirV.).—Carex luzulifolia W. Boott
forma alhida (L. H. Bailey) Kiik., Das
Pflanzenreich Heft 38, 4(20): 558. 1909.

Carex ahramsii Mack., Bulletin of the Torrey
Botanical Club 36: 482. 1909.—Type: USA,
California, San Bernardino Co., San Ber-

nardino Mountains, in cienega between Bear
Valley and Bluff Lake, 31 Jul 1902, L. R.

Ahrams 2816 (holotype: NY 38976!; iso-

types: CAS 162047!, DS 55317!, DS 180490!,

F 186491!, POM 156062!).

Carex sonomensis Stacey, Leaflets of Western
Botany 2: 63. 1937.—Type: USA, Califor-

nia, Sonoma Co., Pitkin Marsh, 6 Jun 1937;

/. T. Howell & J. W. Stacev 13042 {\\o\oiypQ:

CAS 246086!; isotypes: CAS 246636!, F

907841!, G 191533!, GH 27438!, MICH
1109192!, NY 1 1335!, POM 230328!, RSA
90882!, S (S-G9509)!, UC 835699!, 147785!,

US 3163254! US 1736782, n.v., WTU
11837!).

Key to California Members of Carex
Sect. Aulocystis

Perigynium beak length can provide a useful

comparative index for some members of Carex
sect. Aidoeystis. The traditional method of
assessing perigynium beak length in Carex
measures the distance from the beak tip to the

inflection point, where the curve of the perigy-

nium body transitions into the curve of the beak.

The inflection point is easy to see in Fig. IF, but

is difficult to determine for other species in sect.

Aidoeystis, where the taper to the beak is gradual
or asymmetrical, not abrupt (Fig. IG, H). An
alternative method, used by Ball and Mastrogiu-
seppe (2002), is to measure the distance from the

beak tip to achene tip (the summit of the achene
body), which sometimes requires dissection of the

perigynium surface. The key below uses this

method. This measurement is generally longer

than the traditional beak length distance. The
varieties of C. luzulina recognized by Ball and
Mastrogiuseppe (2002) and Dorn (1988) are not

recognized here.

1. Perigynium faces, at least near the beak,

pubescent with hairs or stiff bristles; distal

margins of scales or midvein ciliate or glabrous

2. Perigynium faces, at least near the beak, with

sparse, spreading-ascending, short stout-

based stiff bristles, similar to the bristles on
the margin of the beak; distal margins of

scales or midvein ciliate C. fissuricola

2'. Perigynium faces, at least near the beak,

with sparser, spreading or appressed, short

thin-based, weaker hairs, differing from
the bristles on the margin of the beak;

distal margins of scales or midvein gla-

brous or ciliate rare forms of C. luzulina

1'. Perigynium faces glabrous; distal margins of

scales and midvein glabrous

3. Perigynia broadly winged and flat around
achene, flat margin more than 1/2 the

width of the mature achene; perigynia 1.7-

2.5 mm wide; inflorescence bract sheath

expanded towards the shallow U-shaped
mouth, (1.8)2.0 3.0 mm wide at mouth. . .

C. luzulifolia

3'. Perigynia narrowly winged or wingless and
plump, flat margin absent or less than 1/2

the width of the mature achene; perigynia

0.9-2.0 mm wide; inflorescence bract

sheath not (or only slightly) expanded
towards the shallow Y- or V-shaped
mouth, 0.6-2.0 mm wide at mouth
4. Distance from achene tip to perigy-

nium beak tip usually < 1 .6 mm; scales

and perigynia usually white, green, or

red-brown over a green background.
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Fig. 3. Distribution map of Care.x lemmonii in California based on herbarium specimens. Sonoma County
collections indicated with arrow.
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in some populations occasionally

marked with dark purple . . . . C. lemmonii
4' Distance from achene tip to perigy-

nium beak tip usually >1.8 mm; scales

and perigynia usually red-brown to

dark purple over a green back-

ground C. luzulimi
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Appendix 1

Specimens Examined

Herbarium acronyms from Holmgren et al.

(1990). Each specimen included in ANOVA,
PCA and NMS analyses, as well as Fig. 3.

Carex abramsii Mack. Isotype.USA. CALIFORNIA.
San Bernardino Co.: Bear Valley, 31 Jul 1902, L.

Abrams 2816 (F).

Carex lemmonii W. Boott. USA. CALIFORNIA.
Alpine Co.: W side Sonora Pass, 2347 m, 3 Aug 1944, J.

T. Howell 19873 (G). Butte Co.: Jonesville, bog, 5 Jul

1929, Copeland 610 (ORE); Jonesville, meadow below
the cabin, 1523 m, 25 Jul 1930, Copeland 1362 (G); near

Scout Rd, 1.2 mi N of Butte Meadows, 1325 m, 6 Jul

1983, Oswald 825 (CHSC); Cherry Hill Meadow, 3.2 mi
E of Butte Meadows, 1414 m, 24 Jul 1983, Morev 623

(CHSC); Chico Meadows, 1292 m, 4 Aug 1983, Morey
704 (CHSC); seep 3 road mi S of Big Bar Mountain,

1021 m, 8 Jun 1987, Janeway 2182 (ORE); meadow just

NE of junction of Concow Rd and road to Flea

Mountain, 1 188 m, 13 Jun 1987. Janeway 2215 (CHSC);
Barton Hill Rd 1.7 mi from Challenge-LaPorte Road,
1066 m, 19 Jun 1987, Janeway 2244 (CHSC); 1 mi SW
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of Jones Meadow, 1798 m, 5 Jul 1987, Jcmeway 2449
(CHSC); junction of Philbrook Rd and Humboldt
Summit Rd, 1554 m, 5 Jul 1987, Jcmeway 2467 (ORE);
meadow, upper reach of Brush Creek, 952 m, 2 Jul

1988, Janenav 2946 (CHSC); Scotts John Creek 2.7 mi
N of Butte Creek road, 1920 m, 23 Jul 1988; Janeway
3086 & Schlising, Castro (CHSC); meadow, SE side of

Humbug Summit Road, at Cornelia Lott Sank
Memorial Spring, 1519 m, 13 Jul 2003, Janeway 7902

(MICH); Pinkard Creek ca. 1.5 mi N of Lost Creek
Reservoir, 1067 m, 17 Jun 1988, Oswald & Ahart 3403

(CHSC); dirt road to Forbestown Reservoir, ca. 2.5 mi
NE of Forbestown, 868 m, 30 Jun 1985, Ahart 5078
(CHSC); E side of West Branch Feather River, 4 road

mi N of Stirling City, 914 m, 31 Jul 1988, Ahart 6145

(CHSC); ca. 0.25 mi W of Lost Creek Reservoir,

1036 m, 26 Jun 1993, Ahart 7007 (CHSC); bog on N
side of road to Big Kimshew Creek, 1.5 mi SE of Bald

Mountain, 1493 m, 31 Jul 1993, Ahart 7137 (CHSC);
Paradise Lake, 790 m, 3 Jul 1997, Hriisa 13964 &
Wilfred (CHSC); Snow Meadow, about 0.25 mi E of

Table Mountain, 1523 m, 1 Aug 1997, Ahart 7777

(CHSC); upper W branch of Know-nothing Creek, 4 air

mi NE of Feather Falls, 1219 m, 11 Jul 2000, Ahart

8569 (CHSC); Watson Ridge, 1.7 air mi NNW of

Feather Falls Overlook, 1133 m, 21 Jun 2002, Dittes

616 & Guardiuo (CHSC); Concow Rd 1 1.5 road mi N of

Route 70, at Dixie Rd, 1210 m, 17 Jun 2009; Zika24519
(OSC). El Dorado Co.: Kings Meadow, near headwaters
of Slab Creek, 1359 m, 23 Jul 2006, Janeway 8861

(CHSC). Fresno Co.: Bubbs Creek Canyon near Vidette

Meadows, 2896^3048 m, 22 Jul 1948, /. T. Howell
24888 (S); Converse Basin, 2.1 air km NNW of Cherry
Gap, 1939 m, 6 Jul 2003, Janeway 7876 (CHSC).
Mariposa Co.: Yosemite National Park, logging road S

of Crane Flat Campground, near park boundary,
1860 m, 30 Jun 2005, Colwell AC05-44 (YM); Yosemite
National Park, meadow just W of Crane Flat, 1829 m,
16 Jun 1940, Sharsniith 4165 (YM); Yosemite National
Park, above Glacier Point Road, ca. 3.3 road mi NE of

Chinquapin, 2120 m, 19 Aug 2010, Zika 25376 et al.

(WTU). Nevada Co.: Tahoe National Forest, tributary

of Texas Creek; ca. 1 mi W of Bowman Mtn., 0.8 mi N
of Loney Meadow, 1899 m, 14 Jul 1997, Janeway 5214
& Schroder (OSC). Plumas Co.: Lassen Volcanic
National Park, near Soda Spring, Drakesbad, 1676-

1829 m, 23 Jul 1960, /. T. Howell 35946 (OSC); Lassen
Volcanic National Park, Drakesbad, 18 Jul 1960, J. T.

Howell 35513 (OSC); SW of Bucks Lake, near Grizzly

Creek Campground, 1585 m, 13 Jul 1984, Janeway 904
(CHSC); ravine on N side of South Branch Middle
Fork Feather River, below Whiskey Hill, 1158 m, 20

Jun 1987, Janeway 2283 (CHSC); unnamed W fork of
Mohawk Creek, near CHo, 1585 m, 17 Jul 1987,

Janeway 2488 & Castro (CHSC); N branch of
Consignee Creek, Rd 23N49, 4.3 mi SE of Jackson
Creek campground, 1737 m, 13 Jul 1989, Janeway 3491
(CHSC); halfway between Paradise Creek and Emi-
grant Creek, 2/3 mile S of Little Grizzly Creek, 1875 m,
11 Jul 1990, Janewav 3785 (CHSC); head ofW branch
of Stag Creek, Rd 22N80Y, 0.3 mi SSE of Table
Mountain, 1756 m, 23 Jul 1995, Janeway 4869 (CHSC);
upper N branch of Spanish Creek, ca. 1.1 km NE of
Maple Flat, 1609 m, 7 Jul 2000, Janeway 6882 (CHSC);
upper end of Rock Island Ridge, head of a W tributary

of Toland Creek, 1576 m, 4 Jul 2009, Janeway 9843 &
Castro (WTU); E side of Sly Creek, ca. 1 mi N of
Schwartz Meadow, 1 mi E of Sly Creek Reservoir,

1097 m, 17 Jun 1994, Ahart 7348 (CHSC); bog or wet
meadow, c. 2 air mi W of Tamarack Flat, 4 air mi NW
of Little Grass Valley Reservoir, 1648 m, 9 Jul 2006,

Ahart 12914 (CHSC); headwater of Clear Creek, ca. 2

air mi N of Butt Valley Reservoir Dam, 1476 m, 13 Jul

2009, Ahart 16032 & Dittes (WTU); Butterfly Valley

Botanical Area, 1 158 m, 17 Jun 2004, Hrusa 16290 et al.

(CHSC); Butterfly Valley, 1096 m, 12 Jun 1967, Rose
67151 (MICH); McRae Meadow, 1981 m, 27 Jun 1951,

/. T. Howell 27597 (K). San Bernardino Co.: Dollar

Lake Trail, San Bernardino Mts., 2819 m, 23 Jul 1947,

Munz 12001 (WTU); Dollar Lake Trail, 3167 m, 23 Jul

1947, J. T. Howell 23563 (K); Sugarloaf Meadow area,

17 Aug 2010, Gross 5305 & Zuniga (WTU); South Fork
Meadows, along South Fork Santa Ana River, 2500 m,
San Gorgonio Wilderness Area, San Bernardino
National Forest, San Bernardino Mountains; 5 Aug
2010; Zika 25290 et al. (WTU). Sierra Co.: dirt road N
of Pacific Mine, ca. 5 mi E of LaPorte, 1700 m, 28 Jul

1982, Ahart 3725 (CHSC). Sonoma Co.: Pitkin Marsh,
near Forestville, W branch of Upper Marsh, 5 Aug
1951, Rubtzoff602 (G); Pitkin Marsh, 13 Jun 1957, /. T.

Howell s.n. (MICH). Tulare Co.: Sequoia National

Forest, headwaters meadow of Freeman Creek, Forest

Service Rd 20S75, 1.5 mi N of Woodys Pack Station,

2316 m, 3 Jul 1974, Shevock 3710 (MICH). Tuolumne
Co.: 4 mi W of Lake Eleanor Reservoir, Crane
Meadow, 12 Jul 1948, Quick 48^39 (G). Yuba Co.:

stream E of Schwartz Meadow, E of La Porte Road, ca.

4 mi NE of Strawberry Valley, 1219 m, 27 Jun 1994,

Ahart 7387 (CHSC); stream and meadow 50 m W of

Fountain Hill Road, ca. 5 air mi N of Dobbins, 837 m,
6 Jul 2003, Ahart 10360 (CHSC).

Carex sonomensis Stacey. Isotypes. USA. CALIFOR-
NIA. Sonoma Co.: Pitkin Marsh, 6 Jun 1937, /. T.

Howell & J. W. Stacey 13042 (F, G, MICH, S, WTU).
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Abstract

Although most North American violet species {Viola, Violaceae) produce both showy
chasmogamous (CH) flowers and inconspicuous cleistogamous (CL) flowers, some species lack the

ability to manufacture the automatically self-pollinated CL flowers. Given that such flowers are

considered beneficial as a back-up method of seed production when pollinators are scarce, the

ecological and genetic implications of this absence remain unknown. In the current study, we focused

on the California endemic violet, Viola pedimcidata Torr. & A. Gray, which produces only CH flowers

within its habitat in prairies and oak savannahs. Using microsatellites, we quantified the population

genetic structure of three mainland populations and one island population in Southern California. We
then used allozymes to estimate the outcrossing rate within a single population. Consistent with its

production of CH flowers, levels of genetic variation were moderate to substantial within the species

{Ap = 6.66, Ha = 0.39), with low but significant structure detected {0 = 0.1 1). Furthemiore, the high

outcrossing rate (0.86) suggests that insect pollinators are frequent enough to ensure adequate seed set.

These values were similar to those of a morphologically similar stemmed violet, Vio/a piihescms Aiton,

which produces both CH and CL flowers. Overall, these results are consistent with substantial

outcrossing occurring in V. pedimcidata through CH flowers, leading to gene flow among populations

and potentially counteracting effects of genetic drift.

Key Words: Allozymes, chasmogamy, cleistogamy, microsatellites, Viola pedimcidata.

Breeding systems are critical components of a

population's ability to reproduce, and in plants,

these systems often involve the evolution of floral

traits to maximize mating opportunities and
fertilization success. In angiosperms, the chasmo-
gamous/cleistogamous (CH/CL) breeding system
has evolved multiple times (Culley and Klooster

2007), in part because it increases fitness by
facilitating continued reproduction in the face of
fluctuating resources, such as light levels and
pollinator availability (Lloyd 1984; Schoen and
Lloyd 1984). In this system, two different types of
flowers are often produced on the same individ-

ual, often at different times or locations. These
consist of open, showy CH flowers that typically

appear under high light conditions when insect

pollinators are frequent, and closed, self-pollinat-

ed CL flowers which are produced when light

levels are low and pollinators are rare. CH
flowers are advantageous in that they promote
outcrossing and thus gene flow within and ainong
populations, while CL flowers are considered a

back-up mechanism of reproduction in the event
that CH flowers fail to set seed, thereby extending
the reproductive window of CH/CI'L species

during the growing season (Culley and Klooster
2007).

Given the direct fitness advantages of produc-
ing both floral types, some plant species have
paradoxically lost the ability to produce CL

flowers. Although this loss may ultimately

increase the resources allocated to CH reproduc-

tion, such a reproductive system could be risky if

pollination of CH flowers is not assured. As one
example, the majority of violets produce both

floral types (Culley and Klooster 2007), but

several violets lack CL flower production and
are completely chasmogamous. The loss of CL
flowers is considered a derived condition given

that several related lineages that are successive

sisters to North American violets, such as

Hybcinthus (Brizicky 1961) and the South Amer-
ican sections Leptidium (Becker 1907) and
ChUenium (Reiche 1896), do produce both floral

types. Interestingly, CH-only violet species all

tend to occur in relatively constant environments

that do not vary substantially in light levels and/

or pollinator availability. For example, V. pedata

L. and V. peciuncidata Torr. & A. Gray occur in

open prairies (in which season cleistogamy may
also conflict with suminer dorinancy) while

several Hawaiian taxa (e.g., V. chaiiussoniana

Gingins) occupy mesic forests that retain an

intact forest canopy or open bogs exposed to

consistent light levels {V. maviensis\ H. Mann;
Wagner et al. 1990; Havran et al. 2009). In

addition, CL flowers are also absent in the

pansies (e.g., V. tricolor L.), Viola section

Melanium in Europe, and the rostrate violets of

Section Andiniiim in South America which are
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confined to treeless, mostly Alpine habitats. In

contrast, CH/CL species such as V. pubescens

Aiton (Culley 2002) and V. canadensis L. (Culley

2000) as well as most other temperate species

inhabit temperate deciduous forests in which light

levels and pollinator abundance dramatically

fluctuate throughout the year as the forest

overstory leafs out in early spring. Similarly,

Viola graJuunii Benth. is a subtropical species that

is CH/CL and lives in forest environments with a

strong dry/wet seasonality (Cortes-Palomec
2005).

The loss of CL flowers in Viola and other taxa

is expected to directly impact the mating system

as it will affect rates of outcrossing within and
between populations, and thus has the potential

to alter the population genetics. Furthermore,

long term persistence of populations may be

endangered if CL flowers are not present to

ensure seed production in case of pollinator

failure. Overall, CH-only species are expected to

exhibit greater outcrossing with higher levels of

genetic variation than in other species in which a

portion of the mating system consists of self-

pollination through CL flower production. Despite

these expectations, genetic studies of CH-only
species remain severely limited to nonexistent

(Batista and Sosa 2002), relative to the growing
number of investigations of species that produce
both floral types (e.g.. Knight and Waller 1987;

Lesica et al. 1988; Cole and Biesboer 1992; Sun
1999; Culley and Wolfe 2001; Culley and Grubb
2003; Cortes-Palomec et al. 2006; Culley et al.

2007).

We address this gap in our knowledge by
focusing on the population genetics and out-

crossing rate of the yellow violet, Viola pedimcu-
lata, which belongs to section Chamaemelanium
Ging. of the Violaceae. Also known as California

golden violet or johnny jump-up, V. pedunculata

is a herbaceous perennial commonly found in the

relatively undisturbed prairies and oak savannahs
of the Californian mainland, the Channel Islands,

and Baja California (Baldwin et al. 2012). The
species grows from a rhizome located at least

15 cm deep and produces orange-yellow CH
flowers from March until May (lacking the CL
flowers often found in Viola) before becoming
dormant in late summer (Baldwin et al. 2012).

Pollination is likely through insect visitation,

primarily Hymenoptera, as has been seen in other

stemmed violets in North America (e.g., Beattie

1972, 1974; Culley 2002). The species is diploid

with /? = 6 (Baker 1949). We used recently

developed microsatellite markers (Culley 2005) to

examine patterns of genetic diversity and struc-

ture among populations, and also used tradition-

al allozyme markers to quantify outcrossing

rates. We then compared this information to

populations of another perennial, stemmed yel-

low violet, V. pubescens Aiton var. scabriuscula

Schwein. ex Torr. & A. Gray (data obtained from
Culley and Yadav, in prep.), which has similar

vegetative morphology but produces both CH
and CL flowers and inhabits the temperate
deciduous forest of eastern North America
(Culley 2002).

Materials and Methods

Study Sites

Four populations of V. pedunculata were
selected in Southern California, USA for analysis

of population genetic structure (Fig. 1). One
population was located on Santa Catahna Island,

which is situated 32 km from mainland California

and is a member of the Southern Channel
Islands. The other three populations were situat-

ed on the mainland. Two of these populations

were located at Santa Rosa Plateau Ecological

Reserve (Santa Rosa A and B), owned by
Riverside County Parks. The last population

inhabits Starr Ranch Sanctuary, owned and
managed by the Audubon Society. All sites

consist of oak savannah or Mediterranean
scrubland with populations typically located in

open, high-light areas.

Population Genetics

During February 2005, leaf tissue was collected

from 33 to 42 individuals from each of the four

populations. Samples were temporarily stored on
ice, transported to the laboratory at the Univer-

sity of Cincinnati, and stored at — 80°C until

DNA was extracted as described in Culley and
Wolfe (2001).

Molecular analysis was performed in 2008

using nine of the 12 microsatellites (Vpub-

1,4J,9, 11, 16,21, 57,69) previously developed for

Viola pubescens (Culley 2005) and which ampli-

fied well in this species. PCRs were conducted

using the QIAGEN Multiplex Kit (Qiagen, Inc.,

Valencia, CA) using two primer groups, as

described in Culley (2005). PCR was performed

in 10 |LiL reactions, using the following compo-
nents: 5 |LiL Multiplex PCR Master Mix, 1 |liL

primer mix (0.2 |aM of each primer in TE), dH20
and 12-16 ng DNA. Forward primers were

tagged using either 6-FAM, NED, VIC or PET.
PCR was carried out using the following

thermocycler settings: 95°C for 15 min, 27 cycles

consisting of 94 C for 30 s, 57"C for 90 s and
72°C for 60 s, with a final extension of 60°C for

30 minutes. Amplified fragments were then

analyzed using the LIZ 500 internal size standard

on a 3730 xl sequencer (Applied Biosystems,

Fortune City, CA) at the Cornell University

Bio-Resource Center. The resulting fragment

data were then analyzed using GeneMarker



2012] CULLEY AND STOKES: GENETIC STRUCTURE AND OUTCROSSING IN VIOLA 183

Los Angeles

Anaheim

San Clemente
Island

Starr Ranch

San Bernadino

Riverside

Santa Rosa A

Santa Rosa B

Oceanside N

Palm
Springs

50 km

Fig. 1. Populations of Viola pedimculata in Southern California: Catalina Island, Santa Rosa A, Santa Rosa B
and Starr Ranch. Nearby cities are shown in smaller font.

vers. 1.75 (SoftOenetics, State College, PA) to

identify alleles for each locus.

Measures of genetic variation within and
among populations were calculated using the

Genetic Data Analysis (GDA) software package
(Lewis and Zaykin 1999). The following statistics

were computed for each population: number of
alleles per locus {A), number of alleles per
polymorphic locus (^/,), percentage of polymor-
phic loci {Pp\ 95% criteria), expected heterozy-

gosity (H,,), observed heterozygosity (//,,) and the

fixation index (F). Significance from zero was
tested for each statistic with a Paired Students t-

test (each value paired with zero). All populations
were tested for Hardy-Weinberg equilibrium and
hnkage disequilibrium between loci, using the

sequential Bonferroni correction (Rice 1989).

Genetic differentiation among populations was
calculated in GDA using 6 (Weir and Cockerham
1984), an analog of F,i which takes into account
small and unequal population sizes. The inbreed-
ing coefficient (/), an analog of F,-,, was
calculated as well. Confidence intervals for 9
and / used to determine significance from zero
were generated by bootstrapping across loci using

1000 replicates (i.e., a value is significant if the

upper and lower confidence intervals do not

include zero). A Mantel test was then used to

examine potential correlations between pair-wise

genetic distances and geographic distance be-

tween populations, using GenAlEx vers. 6.41

(Peakall and Smouse 2006). To visualize genetic

relationships among populations and individuals,

an Unweighted Pair Group Method with Arith-

metic Mean (UPGMA) phenogram of popula-

tions was first constructed using pair-wise calcu-

lations of 0 generated from GDA. To visualize

relationships among individuals within popula-
tions, a Principal Coordinates Analysis (PCA)
was conducted in GenAlEx, based on pair-wise

genetic distances using an algorithm adapted
from Orloci (1978). Population differentiation

was also analyzed separately in GenAlEx with a

hierarchical analysis of variance (AMOVA) using

0 values calculated for all population pairs.

Outcrossing Rate

The rate of outcrossing in V. pedimculata was
determined via allozyme analysis of offspring
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Table 1. Genetic Variability in Populations of Viola pedunculata in Southern California. Mean
sample size per locus (AO, mean number of alleles per locus {A), mean number of alleles per polymorphic locus {Ap),

percentage of polymorphic loci {Pp, 95% criteria), expected heterozygosity (//,.), observed heterozygosity (Ho), and
the fixation index (F). Significance from zero was tested for each mean statistic with a Paired Students t-test (each

value paired with zero); *P < 0.001, **P < 0.0001.

Population N A Ap Ho F

Catalina 35.5 5.67 7.83 66.67 0.460 0.435 0.055

Santa Rosa A 40.9 3.67 5.60 55.56 0.391 0.396 -0.014

Santa Rosa B 34.1 4.56 7.00 55.56 0.398 0.365 0.085

Starr Ranch 39.4 4.00 6.20 55.56 0.408 0.385 0.056

Mean 38.2 4.47* 6.66* 58.33** 0.414** 0.395** 0.046

germinated from naturally produced seeds. Fruits

were collected from eight plants located in the

Santa Rosa A location during February 2005

(mature fruits were not yet available at the other

populations) and immediately transported to the

University of Cincinnati greenhouse facility

where 45 seeds were extracted and planted at

two different time periods - two weeks and then

one month following collection. After first

removing each elaisome to minimize fungal

growth during the germination process, seeds

were treated in the following way, modified from
Blaxland (1996). For each fruit, all seeds were

spread onto damp 10 cm filter paper and sprinkled

lightly with a small amount of gibberellic acid

powder (Sigma Chemical Co., St. Louis, MO).
The paper was folded and then placed in a sealed

container along with a small amount of water to

maintain humidity, and stored at 4 C. Germina-
tion started about two weeks later and continued

for about one month. Seeds were checked every

few days and those with a protruding radicle were
removed and transplanted into Pro-Mix® BX
planting media (Premeir Tech Horticulture, Rivi-

ere-du-Loup, Quebec, Canada).

Leaf tissue from these seedlings was ground
and analyzed via starch-gel electrophoresis, as

described in Culley and Wolfe 2001 (see also

Culley and Grubb 2003) for the following four

allozyme systems: aminopeptidase (AMP; EC
3.4.11.1), glucose-6-phosphate isomerase (GPI;
EC 5.3.1.9), malate dehydrogenase (MDH; EC
1.1.1.37), and phophoglucomutase (PGM; EC
5.4.2.2). A total of six loci were resolved (AMP-
1, AMP-2, GPI, MDH, PGM-1, and PGM-2).
The resulting data were analyzed with the

MLTR software package (Ritland 1990) to

determine the outcrossing rate in the popula-
tion. Maternal genotypes were estimated using

the most likely maternal genotype (Ritland

1990) to generate multilocus (r,„) and single-

locus its) outcrossing rates; a positive difference

between t,j, and indicates biparental inbreeding.

Allozyme markers were used for this analysis,

not microsatellite markers (developed later and
described above), because allozymes were readily

available at this time and had been used in other

violets (e.g., Culley and Wolfe 2001).

Results

Population Genetics

Using the nine primer sets that successfully

amplified in V. pedunculata, six loci ( Vpub-1, 7,

11, 16, 21, 57) were polymorphic, while Vpub-4
and Vpub-69 were monomorphic for a single

allele and Vpub-9 exhibited fixed heterozygosity

across all populations. Of all loci, only three from
Catalina Island showed significant deviations

from Hardy-Weinberg equilibrium after a Bon-
ferroni correction. Linkage disequilibrium was
also minimal, only being detected for two pair of

loci within Santa Rosa A (Vpub-7/Vpub-21 and
Vpub-1 61 Vpub-21) and a single pair of loci at

Starr Ranch {Vpub-7IVpub-57).

Overall, the sampled populations of V. pedun-

culata showed significant and moderate to

substantial levels of genetic variation (Table 1),

with a mean number of alleles for all loci of 4.47

and for polymorphic loci of 6.66. An average

58.3% of loci were polymorphic and the observed

heterozygosity was 0.39. With the exception of

Santa Rosa A, all of the populations had lower

levels of observed heterozygosity than expected,

averaging 0.41 (Table 1). The Catalina Island

population showed the greatest number of

private alleles (22), compared to populations at

Santa Rosa A (4), and Santa Rosa B and Starr

Ranch (5 each). Both the mean fixation index {F
= 0.046; Table 1 ) and the inbreeding coefficient

within populations were minimal (/ = 0.045;

Table 2) and were not significant from zero.

Significant genetic structure was detected

overall among the sampled populations {0 =

0.1067; CI = 0.068-0.150; Table 2) and also

for each pairwise comparison of populations

(Table 3). Populations at Catalina Island and
Santa Rosa B showed the greatest difference {6 =

0.142). The Catalina Island population also

showed high level differentiation between all

other populations, while Santa Rosa A and Santa

Rosa B showed the least difference. The
AMOVA also indicated substantial but lower

levels of genetic structuring among populations

(Table 4), with the majority of variation (75%)
found within individuals and only 10% and 14%
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Table 2. Estimates of F-statistics in Four
Populations of Viola pedunculata in Southern
California. Weir and Cockerham's / and 0 (analogs

of Wright's Fis and Fst)^ and the upper and lower 95%
confidence intervals (CI) obtained by bootstrapping

over loci (exclusion of zero within the range of CIs

indicates significant difference from zero). *** indicates

a monomorphic locus.

Locus ,/ 0

Vpuh-1 0.030 0.182

Vpuh-4 * * *

Vpiib-7 0.085 0.109

Vpub-9 0.748 -0.012

Vpub-U 0.060 0.007

Vpub-16

Vpub-21

0.084 0.124

-0.055 0.112

Vpub-57 0.005 0.177

Vpub-69

Mean 0.045 0.114

Upper CI 0.106 0.150

Lower CI -0.009 0.068

found among populations and among individu-

als, respectively. There was a strong but nonsig-

nificant correlation of geographic and genetic

distances, as determined by the Mantel test (r =
0.880, P = 0.090) in GenAlEx.
As expected, the two Santa Rosa populations

grouped together in the UPGMA phenogram
(Fig. 2), followed by Starr Ranch, and then the

Catalina Island population. The PCA indicated

substantial genetic overlap among individuals

from the mainland populations, and Catalina

Island individuals were most dissimilar to the

other populations (Fig. 3). In this analysis, the

first and second principal coordinate axes

explained 27.9% and 20.3% of the total varia-

tion, respectively.

Outcrossing Rate

Nearly all seeds from the Santa Rosa Plateau

population germinated successfully (95%). The
multilocus outcrossing rate obtained from eight

maternal field plants was 0.861 (i.e., 86% of the

progeny resulted from outcross-pollination). This
was similar to the single-locus estimate of

outcrossing (0.862), indicating lack of biparental

inbreeding in the population.

Discussion

The substantial levels of genetic variation

along with the low but significant structure

detected in Viola pedunculata are consistent with

its method of reproduction through only showy
CH flowers. Furthermore, the high outcrossing

rate estimated in at least the one population

measured of the species suggests that insect

poUinators are frequent enough to ensure ade-

quate seed set. Despite lacking CL flowers and
thus a back-up mechanism of seed production if

pollinators become scarce (Culley and Klooster

2007), V. pedunculata appears to be suffering no
detrimental effects to its genetic pool at the

current time, at least in the populations sampled
here. This is especially important given that the

species inhabits a landscape in Southern Califor-

nia that is becoming increasingly fragmented by
human population growth and urbanization.

However, given that pollinators can also be

impacted by habitat fragmentation over time

(e.g., Buchmann and Nabhan 1997; Cranmer
et al. 2011), any subsequent alteration of

pollinator services to V. pedunculata has the

future potential to reduce outcrossing rates and
decrease levels of genetic variation over time.

Consequently, we advocate continued conserva-

tion of the species and protection of its habitat in

Southern California.

Given that V. pedunculata does not produce
CL flowers, we expected to find higher levels of

genetic variation and less genetic structuring in

the species (due to increased gene flow following

outcrossing) compared to a similar violet with

both floral types, V. puhescens (Culley and
Yadav, unpublished data) located within a

similar-sized geographic area in southwestern

Ohio. This was indeed the case based on similar

microsatellite loci (Table 5), with V. pedunculata

consistently having higher values than V. puh-

escens for A (4.47 vs. 3.08) and Ap (6.66 vs. 3.23),

but with similar values for (0.385 vs. 0.392)

and H,, (0.414 vs. 0.405); in contrast, V.

pedunculata exhibited a substantial lower value

of Pp than V. pubescens (58.33% vs. 84.72%).

Table 3. Pairwise Comparisons Between Populations of Geographic Distances (km; upper right
MATRIX) and Genetic Distances (lower left matrix). Calculated as e. *P < 0.005, **P < 0.001 as

generated from 9999 permutations of the data.

Catalina Island Starr Ranch Santa Rosa A Santa Rosa B

Catalina Island 84.66 107.03 108.52
Starr Ranch 0.128** 28.48 28.80
Santa Rosa A 0.127** 0.083** 2.37

Santa Rosa B 0.142** 0.104** 0.017*
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Table 4. AMOVA Results Indicating the Sources of Variation for the Four Populations of Viola
PEDUNCULATA BASED ON 0 VALUES.

Source df SS MS Est. Var. %
Among pops. 3 63.92 21.31 0.239 10

Among indiv. 155 365.86 2.36 0.325 14

Within indiv. 159 272.00 1.71 1.711 75

Total 317 701.78 - 2.274 100

Although both species exhibited significant pop-
ulation differentiation, structuring was less

pronounced in V. pedimcukita compared to V.

pubescens, as determined by 0 (0.107 vs. 0.224). In

addition, the inbreeding coefficient was statisti-

cally equivalent to zero, indicating a lack of

inbreeding overall in these populations. Taken
together, these results are consistent with sub-

stantial outcrossing in the California violet

through the CH flowers, leading to gene flow

among populations and counteracting effects of

drift. Although selfing may occur through
geitonogamy (see below), it does not happen to

the extent found in CH/CL species (e.g., CuUey
2002). In particular, 9 in V. pedunculata (0.11)

was less than the mean values for other species

(Table 5) with mixed breeding systems (0.26) and
even outcrossing species (0.22; Table 5; Nybom
2004) but similar to a CH-only violet from the

Canary Islands (0.10; Batista and Sosa 2002),

suggesting that the Cahfornia violet is capable of

gene flow.

As expected, the Catalina Island population

was the most genetically distinct from the

mainland populations although there was no
significant relationship between genetic and
geographic distances. Not only was there a

much higher number of unique alleles present in

the Catalina Island population, but its individ-

uals tended to cluster for the most part, away
from other mainland individuals in the PCA.
This was further reinforced by the UPGMA
phenogram in which the Catalina population

was the most dissimilar. In contrast, the two
populations of V. pedunculata at the Santa Rosa
Plateau consistently clustered together, both in

the PCA and the UPGMA. In addition, they

exhibited the lowest pair-wise 0 value. Sampling
additional populations, including on more islands.

would contribute to a better understanding of
forces affecting the genetic structure of V.

pedunculata.

Although substantial, the outcrossing rate

detected in V. pedunculata indicates that some
selfing does occur within the sampled popula-

tions. Given that there was little, if any, evidence

of biparental inbreeding, it is instead likely that

individual flowers are capable of geitonogamy or

delayed self-pollination. The latter has been
detected in the morphologically similar V. pub-

escens in which the stigma moves to effect self-

fertilization in flowers that have not been visited

by insect pollinators after several days (Culley

2002). It would be helpful if the flowering

phenology of V. pedunculata could be examined
more carefully in future studies to determine if

this also occurs in this species. The outcrossing

rate in V. pedunculata is also consistent with other

violets in which both CH and CL flowers are

produced, including V. pubescens (0.40 for 1996,

0.93 for 1997; Culley 2002). Consequently,
outcrossing in this California violet remains

similar to other species that produce self-polli-

nated, CL flowers. However, the selfing rate

reported here is only for a single season, and rates

may differ annually depending upon environ-

mental conditions such as pollinator availability

(Culley 2002). It would be informative to

determine if outcrossing rates in V. pedunculata

remain relatively consistent over time or vary

over multiple growing seasons.

To our knowledge, this is one of the first genetic

studies of a CH-only violet (but see Batista and
Sosa 2002) and there is an urgent need for

additional studies of other similar species, which

happen to be especially common in the California

flora. For example. Little (1993) lists seven of 33

Viola species that reportedly lack CL flowers.

+
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Genetic Distance
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Santa Rosa A

Santa Rosa B
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Fig. 2. Phenogram based on Unweighted Pair Group Method with Arithmetic Mean (UPGMA) for four

populations of the California violet, Viola pedunculata, using pairwise G values.
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Coord. 1 (27.9%)

Fig. 3. Distribution of individuals from the four populations in ordination space according to the Principal

Coordinates Analysis (PCA), based on the pair-wise genetic distances using an algorithm adapted from Orloci

(1978) in GenAlEx vers. 6.41. The first two axes explain a combined 48.2% of the variation in the data.

Table 5. Comparison of Genetic Variation Parameters Generated from Codominant Genetic
Markers (Microsatellite or Allozyme) for Viola and Other Plant Species with similar Life

History Traits.

Breeding

Species system Marker A Ap P He Ho Fst or e Reference

V. palmensis CH allozyme 1.53 43.2 0.16 0.10 0.10 Batista and Sosa 2002
V. pubescens CH/CL allozyme 2.19 2.86 50.0 0.23 0.25 0.34 Culley and Grubb 2003

V pubescens CH/CL microsat 3.08 3.23 84.72 0.40 0.39 0.22 Culley and Yadav, in prep.

V. pedunculata CH microsat 4.47 6.66 58.33 0.41 0.39 0.11 current study

Various selfmg microsat 0.41 0.05 0.42 Nybom 2004
Various mixed microsat 0.60 0.51 0.26 Nybom 2004
Various outcrossing microsat 0.65 0.63 0.22 Nybom 2004

although further studies under field conditions are

warranted to confirm this. All species are found in

consistent light environments, either in high light

(grassy slopes, marshes) or low light environments
(pine forests). These species consist of the

following (habitat descriptions taken from Little

(1993): V. arvensis Murray (abandoned fields), V.

beckwithii Torr. & A. Gray (vernally moist places

among shrubs or beneath pines), V. douglasii

Steud. (found on vernally moist flats, grassy

slopes, often on serpentine soils), V. hallii A. Gray
(vernally moist areas, open forest, grassy hills,

flats, chaparral, often serpentine or gravelly soil),

V. nephrophylla Greene (shady areas in moist or
swampy ground, lake margins, yellow-pine for-

est), V. primulifolia L. (marshes, bogs), and V.

tomentosa M.S. Baker & J.C. Clausen (dry,

gravelly places in open pine forest). However
further investigation is warranted as CL flowers
have been reportedly produced in other parts of
the North American range for both Viola

primulifolia (Ballard 2007) and V. nephrophylla
(Yoss 1985); that later species was also reported by

Munz (1974) in California to produce CL flowers

but on shorter peduncules than CH flowers.

Violet species in other areas that lack CL
flowers include the Hawaiian violets (e.g., V.

chamissoniana, V. helenae Forbes & Lydgate, V.

maviensis; Wagner et al. 1990; Ballard and
Systma 2000), as well as V. pedata (Culley and
Klooster 2007). Studies of these species, as well as

continued genetic investigations of CH/CL vio-

lets, will help inform our understanding of the

genetic implications of the evolutionary loss of

cleistogamy within the genus. In Cahfornia, such

studies also have the added benefit of enhancing

the conservation of the endemic species, several

of which are rare and in danger of encroachment
from human activities.
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Abstract

We measured biomass and frequency of herbaceous species before and 12 years after removal of

feral sheep from a grassland on Santa Cruz Island, California. Native grasses, especially Stipa spp.,

increased dramatically following sheep removal whereas all exotic grasses except Avena spp.

decreased, probably reflecting the competitive ability of native grasses as well as differential

vulnerability to grazing. Native forbs showed a mixed response, with some species increasing but

many decreasing, perhaps because some native forbs benefit from grazing. Almost all exotic forbs

decreased, likely because these species benefit from herbivores and their activities. Our results provide

encouraging evidence that an island grassland dominated by exotic species has the potential for

recovery from severe overgrazing.

Key Words: Annual grass, exotic species, feral sheep, grassland, grazing, herbivory, island restoration,

Stipa.

Feral herbivores, especially goats and sheep,

have been introduced to numerous islands

around the world, and resulting overgrazing

has caused major impacts on island vegetation

(Coblentz 1978; Scowcroft and Giffin 1983;

Wardle et al. 2001). Because of these impacts,

feral herbivores have been eradicated from many
islands (Bullock et al. 2002; Campbell and
Donlan 2005; Carrion et al. 2006), which has

often resulted in a dramatic recovery of native

vegetation. Most studies of vegetation recovery

have focused on shrub or woodland communities
(e.g., Wehtje 1994; Bullock et al. 2002; Reddy
et al. 2012). The relatively few studies that

quantified plant recovery in grasslands found a

general pattern of increased cover or frequency of

native vegetation, often dramatically so, follow-

ing the removal or exclusion of feral goats or

sheep (Baker and Reeser 1972; Meurk 1982;

Klinger et al. 2002). However, several researchers

have expressed concern about the proliferation of

exotic herbaceous species following release from
grazing pressure and how that proliferation

might hinder the recovery of native species

(Scowcroft and Hobdy 1987; Kessler 2002;

Khnger et al. 2002; Knapp et al. 2009).

Santa Cruz Island, the largest (249 km-) of the

eight Channel Islands located offshore of south-

ern CaHfornia, supported a large population of

domestic sheep {Ovis aries). Sheep were intro-

duced in the 1850's, reached numbers of 50,000 or

more by the late 1800's, and became feral by the

1920's (Van Vuren and Bakker 2009). Sheep

' Present address: U.S. Geological Survey, Davis
Field Station, Davis, CA 95616.

grazing had a major effect on island vegetation;

for example, one grassland had 40% of the soil

surface denuded and had an altered community
composition on the 60% that supported vegeta-

tion (Van Vuren and Coblentz 1987). All sheep

were removed, first on the western 90% of the

island during 1981-1989, and then on the eastern

10% of the island during 1997-2001, with a total

of 47,000 sheep removed (Schuyler 1993; Faulk-

ner and Kessler 2011). Recovery of woody
vegetation has been dramatic (Wehtje 1994;

Cohen et al. 2009), but response of grassland

species has received limited study (Klinger et al.

2002). On Santa Cruz Island, as on mainland

CaHfornia, grasslands once dominated by native

perennial grasses have become dominated by
exotic annual grasses (Junak et al. 1995), leading

to the hypothesis that exotic grasses are compet-

itively superior (Seabloom et al. 2003; Corbin

and DAntonio 2004). Evaluation of the initial

response (<5 years) by grasslands on Santa Cruz
Island to sheep removal suggested an increase in

annual grasses at the expense of native species

(Klinger et al. 2002). Consequently, the potential

for dominance of exotic species after removal of

feral sheep from Santa Cruz Island may be of

particular importance. Our objective was to

evaluate grassland vegetation before and 12 years

after removal of feral sheep, in order to assess the

potential for recovery of a community dominated

by exotic species.

Methods

Santa Cruz Island is characterized by rugged

topography and an east-west system of interior
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valleys, dominated by the large Central Valley,

which are bordered by the Northern Ridge

(elevation 750 m) and Southern Ridge (elevation

465 m). Climate is an oceanic, Mediterranean

type characterized by hot, dry summers and cool,

wet winters. Most of the 51 -cm average annual

precipitation falls from November through April

(Boyle and Laughrin 2000). The island is

botanically diverse, with 627 species of vascular

plants of which 157 are exotic (Junak et al. 1995).

Several plant communities have been described

(Junak et al. 1995), with grassland (46%) and
chaparral (31%) being the most common in 1980

in terms of proportion of the island covered

(Minnich 1980). Our study was conducted in

Ram Canyon, a 2-km long drainage that begins

at the crest of the Northern Ridge and drains

southward to the Central Valley. Our study area

was at an elevation of 300 350 m near the

headwaters of the canyon (34°0r30"N,
1 19 45'45"W), where tributaries join from the

west, northwest, and northeast. Vegetation in the

study area was classified in 1980 as mostly

grassland with scattered patches of chaparral

dominated by Quercus pacifica Nixon & C. H.
Mull and Ceanothus megacarpus Nutt. var.

insularis (Eastw.) P. H. Raven (Minnich 1980).

Density of feral sheep in this area was estimated

at about 2/ha, which is considered exceptionally

high (Van Vuren and Coblentz 1989; Schuyler

1993). Feral pigs {Sus scrofa) were present on
Santa Cruz Island throughout our study, but they

were uncommon in our study area and we found
no evidence of pig rooting in or near any of our
quadrats.

We sampled vegetation 2-13 April 1980,

during the peak of the growing season, in order

to determine forage availability in a study of feral

sheep diets (Van Vuren and Coblentz 1987). We
used a stratified-random design in our sampling.

We chose nine grassland sites that appeared
representative of the vegetation in the area; these

sites were distributed throughout an 8-ha area on
the middle and lower slopes of the canyon, hence
slope exposure varied among sites. Within each
site we randomly located 0.75 X 1 .50 m quadrats,

six at each of the first eight sites and two at

the ninth site, for a total of 50 quadrats. We
identified all green herbaceous species in each
quadrat to the lowest taxon feasible, clipped them
at ground level, and weighed them to the nearest

gram; nomenclature followed Baldwin et al.

(2012). A sample of each plant species was
clipped, weighed, dried at 65°C for 24 hours,
and then reweighed to obtain dry biomass. Feral
sheep were removed from the area during July-
December 1984 (P. T. Schuyler, personal com-
munication), and fencing prevented recoloniza-
tion by sheep remaining on other parts of the
island (Schuyler 1993). We returned to our study
area during 4-13 April 1996 and sampled all nine

sites again using the same procedures, including

randomizing the location of quadrats within each

site. Winter rainfall on Santa Cruz Island differed

between 1980 and 1996 (Boyle and Laughrin

2000). Precipitation during November through

March totaled 64.1 cm for 1980 (13.3 cm of this

falling in March), compared with 35.7 cm (4.7 cm
in March) for 1996.

We calculated mean biomass (g/m-, dry basis)

by averaging among all 50 quadrats for each

species, and we calculated frequency of occur-

rence among all 50 quadrats for each species. We
grouped species according to whether they were
native or exotic (Junak et al. 1995). For most
species this was straightforward, but some taxa

identified only to genus contained both native

and exotic species. Two species of Festuca were

exotic and common, and two were native and
scarce (Junak et al. 1995); hence, we classified

Festuca spp. as exotic. Of the nine species of

Bromus, three of five exotic species were com-
mon, but only one of four native species was
common; the remaining five species were rare,

whether native or exotic. Hence, we classed

Bromus spp. as exotic, though we recognize that

B. carinatus Hook. & Arn. var. carinatus, the

common native species, could have been in our

quadrats but not identified. We combined Pseu-

dognathalium spp. and Gamochaeta spp. into one
group considered to be native, because several of

the seven native species in the two genera were

common, whereas the one exotic species was
considered occasional and generally occurred in

sites more mesic than ours (Junak et al. 1995). We
compared mean biomass between 1980 and 1996

for plant groups (native grasses, exotic grasses,

native forbs, exotic forbs) using a t-test. Statisti-

cal comparisons for individual species were either

precluded or rendered of questionable value by
the large number of zeros in the data.

Results

Total biomass increased substantially after

removal of feral sheep, from 29.8 g/m- in 1980

to 51.9 g/m- in 1996. However, native species

differed from exotic species in their responses to

sheep removal. Biomass of exotic grasses in-

creased by only 32%, from 20.3 g/m- to 26.8 g/m-,

a difference that fell short of statistical signifi-

cance (t = 1.76, P = 0.082). In contrast, native

grasses increased from 0.2 g/m- to 18.1 g/m-, an
increase of nearly two orders of magnitude that

was significant (t = 2.80, P = 0.007). Nafive forbs

increased 59%, from 3.7 g/m- to 5.9 g/m-, though
the difference was not significant (t = 1.21, P =
0.1 10). Exotic forbs decreased 80%, from 5.6 g/m-

to 1.1 g/m-, a difference that was significant (t =
3.28, P < 0.001).

Individual taxa varied considerably in their

response to removal of feral sheep. The proliferation
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Table 1. Dry Biomass and Frequency of Plants among 50 Quadrats in a Grassland on Santa Cruz
Island, California During April 1980 and April 1996.

1980 1996

Taxa g/m- Frequency g/m- Frequency

Native grasses

Aristida spp. 0.0 0.00 2.0 0.10

Stipa spp. 0.2 0.12 16.1 0.32

Exotic grasses

A vena spp. 1.0 0.60 18.7 0.94

Bromits spp. 11.4 1.00 6.9 0.72

Festuca spp. 5.4 0.86 1.0 0.32

Hordewn niurinuni L. 1.1 0.36 0.0 0.00

Lamarckia aurea Moench 1.4 0.82 0.2 0.24

Native forbs

/iciiiispou Sii igosiis yrswiv.) Drouniei yj. 1 u.zz U.U u.uu

/iLilllSpOn n 1 tUi^i: ilCUillS ^rlaCil. Oc ^^./\. IVlcy.; J_>'.L^. oUJvUlOll n 1U. 1 u.uo 9 7z. /
n '^9
U.JZ

Acouvtici iiiicvocephcdci DC. u. /
n n9 u.u u.uu

Apicistruui cingnstifoliwii Nutt. u.u u.uu 1 n n9u.uz

Astvcigcdus didyjiioccirpus Hook. & Arn. n 0u.z n /in U.J U.jO

\^ ICl \Hfl llCl pt. 1 1 Ul ILI I ll VVllJU. 5iUU5>p. pclllHlLllLl 0 1yJ . I 0 1

0

0 09

d'oton setigevus Hook. U.J U.JO 1 .u n 1 /IU. 1 ^

LJuncus piisuius iviicnx. n ^9U. JZ u.u O OOu.uu

Diche/ostenniia capitatuni (Benth.) Alph. Wood subsp. ccipitatum <0.1 0.10 <0.1 0.12

Eucrypta chrysantheuiifolia (Benth.) Greene var. chrysantheiiiifolia 0.2 0.40 0.0 0.00

Galium spp. <0.1 0.04 0.0 0.00

GUia spp. 0.0 0.00 <0.1 0.02

Lasthenia californica Lindl. 0.1 0.24 0.0 0.00

Layia pkityglossa (Fisch. & C.A. Mey.) A. Gray <0.1 0.16 <0.1 0.02

Logf'ia fUaginoides (Hook. & Arn.) Morefield 0.9 0.66 0.7 0.18

Lupirms bicolor Lindl. <0.1 0.06 0.6 0.40

Marah spp. <0.1 0.02 0.0 0.00

Phacelia spp. 0.0 0.00 <0.1 0.02

Pseudognaphaliiuu spp., Gamochaeta spp. yj.l U.4Z f\ 1U. I
n T ^U. I D

Pterostegia dryiuarioides Fisch. & C.A. Mey. <0.1 0.02 <0.1 0.02

Thysauocarpus curvipes Hook. 0.0 0.00 0.1 0.14

Trifoliuin spp. 0.5 0.70 0.3 0.26

Exotic forbs

Capsella bursa-pastoris L. <0.1 0.04 0.0 0.00

Cerastiuui glonievatum Thuill. 0.2 0.16 0.0 0.00

Erodiuiu spp. 1.4 0.90 0.2 0.36

Hypochaeris glabra L. 3.0 0.86 0.0 0.00

Medicago polymorpha L. 0.2 0.24 0.0 0.00

SHene gallica L. 0.6 0.60 0.0 0.00

Sonchus asper (L.) Hill subsp. asper 0.0 0.00 0.9 0.40

Stelkirki medki (L.) Vill. 0.1 0.12 <0.1 0.08

of native grasses resulted from a dramatic
increase in both biomass and frequency of Stipa

spp., as well as the appearance of Aristida spp.

(Table 1). For exotic grasses, Avena spp. in-

creased in both biomass and frequency, while

the remaining species either decreased in both

measures {Broinus spp., Lamarckia aurea
Moench, and Festuca spp.) or were not detected

at all {Hordeum imirinuni L.; Table 1).

Several native forbs showed a low frequency of

occurrence among quadrats in both 1980 and
1996 (e.g., Acourtia microcephala DC, Apiastrum
august ifolium Nutt., Galium spp., Gilia spp.,

Marah spp., Phacelia spp., and Pterostegia

drymarioides Fisch. & C. A. Mey.), hence either

these species did not respond to sheep removal or
\

were at such a low frequency that our sampling

protocol did not detect a response (Table 1 ). Two
\

species {Acmispon wrcmgelianus (Fisch. and C.A. !

Mey.) D.D. Sokoloff and Lupinus bicolor Lindl.)
|

showed substantial increases in both biomass and
j

frequency. Many native forbs, however, de-
|

creased in biomass, frequency, or both between

1980 and 1996, including several native forbs that

were common (frequency >0.40) in 1980 (e.g.,

Daucus pusillus Michx., Eucrypta chrysanthemi-
,

folia (Benth.) Greene var. chrysanthemifolia,

Logfia jilaginoides (Hook. & Arn.) Morefield,

Pseudognathalium spp., Gamochaeta spp, and

Trifolium spp.). Croton setigerus Hook., one of

I
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the most common native forbs in 1980, decreased

in frequency by 1996 but increased in biomass.

One common native forb. Astragalus cUdyniocar-

pus Hook. & Arn., remained relative unchanged
in biomass and frequency between 1980 and 1996

(Table 1).

All but one exotic forb decreased in both

biomass and frequency between 1980 and 1996

(Table 1); three taxa in particular, Erodiwu spp.,

Hypocliaevis glabra L., and Silenc gallica L., were

among the most important forbs, native or

exotic, in 1980 in terms of both biomass and
frequency but were greatly reduced or absent in

1996. One exotic forb, Soiicluis aspcr (L.) Hill

subsp. aspcr, was not identified in 1980 but was
common in 1996 (Table 1).

Discussion

The increase in biomass of grassland vegeta-

tion shown in 1996, 12 years after removal of

feral sheep, is not surprising given the high

density of sheep present in 1980; the area was
considered to be severely degraded due to long-

term overgrazing (Van Vuren and Coblentz
1987) . Indeed, the response might have been
greater if not for relatively dry conditions during

1996. Rainfall in 1996 was 38% below the long-

term average, whereas rainfall in 1980 was 26%
above the average (Boyle and Laughrin 2000). On
Santa Cruz Island, cover of herbaceous vegeta-

tion is positively correlated with annual rainfall

(Klinger et al. 2002).

As a group, exotic grasses showed only a

modest increase in biomass, and that increase was
attributable entirely to one genus, Aveiia, which is

represented by two annual species {A. barbata
Link and A. fatua L.) that are common on the

island (Junak et al. 1995). Arena is especially

vulnerable to heavy grazing pressure (Heady
1988) , which characterized conditions in 1980,

and it also may be a good competitor after release

from grazing because of its tall stature (Menke
1992). All other exotic grasses declined in both
biomass and frequency; some of these grasses

might be poor competitors in the absence of
sheep disturbance, which is the case for La-
marckia aurea (Crampton 1974).

In contrast to exotic grasses, native grasses

showed a dramatic increase in both biomass and
frequency, especially Stipa, which is represented
by three perennial species {S. cermia (Stebbins

& Love) Barkworth, S. lepida Hitchc, and S.

pulchra Hitchc.) (Junak et al. 1995). This resuh is

somewhat surprising, since the wholesale replace-

ment of native perennial grasses by exotic annual
grasses and forbs throughout much of California

during the 19"' century has been hypothesized to

have resulted because native grasses are inferior

competitors (Seabloom et al. 2003; Corbin and
D'Antonio 2004). However, Stipa pulchra is a

good colonizer of bare soil (Bartolome and
Gemmill 1981; Seabloom et al. 2003), which
was common in our study area in 1980 due to

grazing and trampling by feral sheep (Van Vuren
and Coblentz 1987). Once established, native

perennial grasses can be strongly competitive

with exotic annual grasses (Seabloom et al. 2003;

Corbin and D'Antonio 2004), especially at

coastal sites where the summer drought typical

of California's Mediterranean climate is moder-
ated by marine influences (Corbin and D'Anto-
nio 2004). Our study site was located only 3.3 km
from the coast.

Native forbs varied greatly in their response to

removal of feral sheep. Much of this variation

likely resulted from differential rainfall between
years and its effect on germination and growth of

annual species. Most of the native forbs in our
study are annuals, as are all of the exotic forbs

(Junak et al. 1995). In annual grasslands on the

mainland, species composition can vary greatly

from year to year, especially in response to

rainfall (Talbot et al. 1939; Pitt and Heady
1978; Heady 1988). However, some of the

variation in native forb response likely resulted

from the cessation of grazing. Most native forbs

may not have been greatly impacted by sheep

herbivory, since native forbs other than Croton

setigerus were rarely eaten by feral sheep (Van
Vuren and Coblentz 1987). Consequently, many
native forbs may have benefited from grazing

that reduced mulch and suppressed competitors

(Coleman and Levine 2007), potentially explain-

ing the decline in several species after sheep were
removed. Research on grasslands elsewhere in

California showed that grazed sites have a higher

richness and abundance of native forbs (Hayes
and Holl 2003).

Two native forbs, however, increased in both
biomass and frequency. Acniispon wrangcliauus

may have benefited from removal of feral sheep;

in a mainland California grassland, this species

increased in abundance when herbivores were
excluded (Hobbs et al. 2007). The response of

Lupiims bicolor is somewhat surprising, since

Thomsen et al. (1993) found that grazing had a

positive rather than a negative effect on density.

Croton setigerus increased in biomass but de-

creased in frequency, perhaps because it was a

highly preferred food of feral sheep (Van Vuren
and Coblentz 1987) but is also associated with

disturbed areas (Junak et al. 1995). Hence, a lack

of herbivory coupled with a lack of disturbance

in 1996 may have resulted in fewer but larger

plants.

Exotic forbs as a group showed a dramatic
decrease following sheep removal, a finding

consistent with that of Klinger et al. (2002) for

other grasslands on Santa Cruz Island. Research
in mainland California indicates that several of

these species likely benefit from the presence of
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herbivores and their activities, especially soil

disturbance and the removal of mulch. Erodium
spp. decreased markedly in cover when herbi-

vores were excluded (Talbot et al. 1939); Medi-

cago polymorplia L. was more frequent on
disturbed sites than on relatively undisturbed

sites (Schiffman 1994); and the presence of mulch
depressed seed production in Erodium spp. (Rice

1985) and interfered with seed germination in

Hypochaeris glabra (Heady 1956) and Capsella

hiirsa-pastoris L. (Bergelson 1990). Similarly,

Harrison et al. (2003) found that grazing

enhanced the richness of exotic forbs. The
increase in Sonchus asper subsp. asper was
unexpected, since the species disappeared from
a grassland in Britain 13 years after herbivores

were excluded (Watt 1981) and the congeneric

S. oleraceus L. declined on nearby San Miguel
Island between 6 and 25 years after feral livestock

were removed (Corry and McEachern 2009).

Perhaps Sonchus asper subsp. asper will decline as

well in our study area, given enough time.

Our study suffered from several limitations.

The composition of California annual grass-

lands can vary greatly between years and also

seasonally, whether grazed or not (Talbot et al.

1939; Heady 1988), hence our measures may
not have been representative. Further, our
results reflect only two points in time, providing

a limited ability to ascertain the patterns of

change during intervening years, especially if

those patterns are not linear. Finally, we
sampled only one location, which may not be

representative of other grasslands on Santa
Cruz Island because of variation in topography
and grazing history (Klinger et al. 2002).

Klinger et al. (2002) sampled several grasslands

on Santa Cruz Island 1-5 years after sheep

removal and found that exotic species, especially

grasses, had increased in frequency, were
dominant, and potentially were displacing na-

tive species. Our results, showing a proliferation

of native grasses and a decline in most exotic

species, may reflect geographic variation in

grassland response, or it may reflect an addi-

tional 7-11 years of time. Time frames longer

than 5 or even 12 years may be necessary to

understand grassland recovery from overgrazing

(Hobbs et al. 2007). Despite these limitations,

our results provide encouraging evidence indi-

cating that 12 years after removal of feral sheep

from an island grassland, most exotic species

had decreased and some native species, espe-

cially native grasses, had increased.
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Abstract

Vacciniiim parvifolium Sm. (Ericaceae) is an important understory shrub in conifer forests in

western North America. Populations putatively classified as V. parvifolium in northern California

display alternate berry morphology, consistent with a possible phenotypic diversification or cryptic

speciation. Identification of cryptic species or subspecies would influence management guidelines

given the limited range of some morphological variants. In order to inform management guidelines,

two Vacciniimi species were characterized via molecular genetic analyses. Plants of typical V.

parvifolium morphology from the coastal areas of northwest California, western Oregon and
Washington, atypical plants from Shasta County and the central Sierra Nevada, and one population

of V. deliciosum Piper, a congener, were assessed at five nuclear microsatellite loci. Analyses of

differentiation, admixture, and phylogenetic relationships indicated that populations displaying

atypical morphology were more similar to V. deliciosum than to the typical V. parvifolium. Although
additional data are required to determine whether these differences warrant taxonomic treatment

within Vaccinium, management plans should consider three distinct gene pools among these

populations.

Key Words: Ericaceae, management units, microsatellites, population genetics, Shasta County,
taxonomy.

Members of the genus Vaccinium (Ericaceae)

are ecologically important shrubs in the forests of

the Pacific Coast of North America, where they

may dominate understory vegetation especially

in response to disturbance or thinning (Hanley

2005). Vaccinium parvifolium Sm., the red huck-

leberry, is a perennial understory shrub that

occurs from Alaska south through British Co-
lumbia and into California. The stems of V.

parvifolium reach 4 m in height and are sharply

angled, giving shrubs a characteristic architec-

ture, and the translucent red, edible berries are

highly distinguishing (Wallace 1993, accessed in

Rosatti 2003; Vander Kloet 2009). Plants are not

rhizomatous but produce horizontal stems capa-

ble of rooting, providing a means of vegetative

reproduction which can maintain genets (genetic

individuals) over many years. The V. parvifolium

flower color is described as pink, bronze or

yellowish green, and they produce red berries up
to 10 mm in diameter (Vander Kloet 2009). In

addition to having edible fruit, V. parvifolium

vegetation is highly palatable to deer (Vila et al.

2004). As an angiosperm shrub in conifer forests,

V. parvifolium likely plays a critical role in species

diversity and ecological systems (Wender et al.

2004).

Populations of putative V. parvifolium in two
regions of California, Shasta County and the

central Sierra Nevada, do not display the typical

morphology (Fig. 1). Populations in the area

around Shasta Lake, in Shasta County, Califor-

nia display white to pink urceolate flowers with

glaucous berries. Plants grow in distinct clumps

of or as individual ramets, typically 1 to 2 m in

height, but some reach up to 3 m tall. Plants are

erect and do not root along stems. The Shasta

populations are found in conifer and hardwood-
conifer forest, and chaparral habitats; typically

in vegetation types classified as Douglas-fir,

ponderosa pine, montane-hardwood-conifer,
and mixed chaparral (Mayer and Laudenslayer

1988). Shasta County Vaccinium are associated

with riparian areas, springs and seeps, and mesic

forest environments. These sites are distinguished

from the habitats of typical V. parvifolium by

substantially higher summer temperatures and
more extended summer drought. Further, the

Shasta County populations are in areas charac-

terized by acidic soil and/or water conditions. In
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Fig. 1. Morphological variation among Vacciniwn parvifoUinu populations sampled for genetic analyses. The
typical red-berry morphology observed in the coastal areas (top), purple-colored berry observed in Shasta County
(middle), and a distinctive calyx ring on berries that mature to a blue-black color in the central Sierra

Nevada (bottom).

many situations the species grows immediately
downstream of historic mines in the acidic soil

and water. The species also regularly occurs in

riparian areas with acid mine discharge water
chemistry. These inland Shasta County popula-
tions are disjunct from the nearest known extant

red huckleberry populations in the coastal region

by approximately 60 km, with the Trinity Alps
and other Klamath Ranges lying between them
(J.K.N., personal observation and review of
herbarium records).

Vaccinium populations in the central Sierra

Nevada display white urceolate flowers with blue-

black berries that have a calyx ring, and plants are

decumbent and capable of rooting along branches

(Fig. 1). The Sierra Nevada plants grow along

drainages in Pseudotsuga menziesii-Abies conco-

lor-Calocedrus decurrens and in Abies concolor-

Piniis knnbertiana-Calocednis decurrens/Corinis

niittcdliilCoryhis cormitci var. ccdifarnica forest

associations, intermediate in moisture level be-

tween the Shasta County form and the typical

form. The atypical populations in the Sierra

Nevada are more than 250 km from the Shasta

County populations. All specimens observed from
the Shasta County and Sierra Nevada regions

display the atypical forms (A. E. L. Colwell,

National Park Service, personal communication).

The taxonomy of the Vaccinium genus is of

ongoing study due to the wide range and high
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levels of phenotypic variation observed within

species (Vander Kloet and Dickinson 1999;

Powell and Kron 2002). Members of the Vaccin-

ium genus are found in the Northern Hemisphere
circling the Pacific Rim from Japan to Mexico,
with a center of species and habitat diversity

ranging from Alaska to California. No clear

geographical pattern was distinguished in the

grouping of Vaccinium species, and the full

phylogeny of the clade has not been resolved,

requiring greater sampling to better represent the

approximately 20 species of Vaccinium in North
America (Kron et al. 2002; Powell and Kron
2002).

Given the ecological importance of Vaccinium

shrubs in conifer ecosystems, the unresolved

nature of the systematic classifications within

the genus, and the morphological variation

observed in northern California, additional study

of V. parvifolium was warranted. Identification

of landscape patterns of genetic differentiation or

cryptic species can influence estimates of species

diversity and local adaptation, and inform
conservation plans. Although most studies using

molecular markers to identify cryptic species have
focused on animals (Bickford et al. 2006), the use

of molecular markers in plant species is well

established in studies of population genetics

(Hamrick and Godt 1996) and may aid efforts

to resolve questions of speciation and divergence

(Lawton-Rauh 2008).

Here, we used molecular data to investigate

the genetic relationship of Vaccinium popula-

tions primarily from northern and central Cali-

fornia. Vaccinium parvifolium populations from
northern California and western Oregon and
Washington (the typical red huckleberry) were
compared to collections displaying atypical

morphologies from Shasta County and the

central Sierra Nevada. In addition, one popula-

tion of the congener Vaccinium deliciosum Piper

was included from Shasta County. Vaccinium

deliciosum, the Cascade bilberry, is typically

shorter than V. parvifolium but is rhizomatous
and capable of forming dense clonal mats
(Wallace 1993; Vander Kloet 2009). Vaccinium
deliciosum flowers range from creamy pink to

red, and fruit are typically blue but may be black

or maroon or sometimes red. These species are

closely related, with V. parvifolium and its sister

taxa V. ovalifolium Sm. composing the ancestral

clade to V. deliciosum (Powell and Kron 2002).

Specifically, our objectives were to quantify the

level of genetic differentiation among popula-
tions and geographic regions, to determine
whether the populations from Shasta County
and the Sierra Nevada are likely to be morpho-
logical variants of V. parvifolium or may be
taxonomically distinct, and to provide data to

inform ongoing conservation efforts in Shasta

County.

Materials and Methods

Study Species and Collections

In order to investigate the genetic structure of
Vaccinium parvifolium, five categories of popula-
tions were sampled for genetic analyses (Table 1,

Fig. 2). We sampled populations of atypical

morphology from regions lacking the typical

red-berried V. parvifolium. These categories rep-

resent distinct geographic regions with limited V.

parvifolium distribution between. Five popula-
tions displaying the unusual berry color and
morphology were sampled from the Shasta
County area (category 1). Ten populations
displaying the typical V. parvifolium berry color

and morphology were sampled: eight from
northwestern California, relatively proximate to

Shasta County (category 2), and two from western

Oregon and Washington (category 3). Four
populations of dark-fruited Vaccinium were sam-
pled from the central Sierra Nevada (category 4).

Finally, one population of V. deliciosum from
western Shasta County was sampled for interspe-

cific comparison (category 5). Voucher specimens

were collected from each population in order to

verify and document species identification.

Collections were made over three growing
seasons (2004, 2005 and 2009). Up to 20 samples

were collected from each population. Population

locations were recorded in the field using GPS or

topographic maps. Samples from the coastal and
Shasta County regions (categories 1 and 2) were

collected from distinct shrubs randomly selected

from throughout the population. The Sierra Ne-
vada samples (category 4) were spaced to minimize

duplicate collection of clones. Leaf material was
collected in the field and stored on wet ice and/or

refrigerated until shipped to the USDA Forest

Service National Forest Genetics Lab (NFGEL).

DNA Isolation and Analysis

Total genomic DNA was isolated from all

samples using the DNEasy-96 plant kit (Qiagen,

Valencia, CA) following the liquid nitrogen

procedure as described in the manual. DNA
concentrations were quantified using a Gemini
XPS Microplate Spectrofluorometer (Molecular

Devices, Sunnyvale, CA) using PicoGreen dsDNA
Reagent (Invitrogen, Carlsbad, CA). Samples were

assayed for five microsatellite loci originally

described in Vaccinium corymbosum L.: CA23F,
CA421, CA787F, VCC1_I2, and VCC1_J9
(Boches et al. 2005). Amplification of the five loci

took place in two multiplex reactions: CA421 with

CA787F in one reaction, and CA23F, VCC1_I2,
and VCC1_J9 in a second reaction. Amplification

conditions included 10 ng of template DNA, 2 |J,M

of each primer, and 1 X of Multiplex master mix.

Both amplifications took place following the
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Table 1. Location and Classification of 20 Populations of Vaccinivm spp. Sampled for DNA
Analyses. Populations were grouped into four categories according to morphology, geography, and species

designation. 'Population 2SR was collected from three sites forming one distinct population. The three collections

were combined for all statistical analyses.

Latitude/

Abbrev. Population ^^UUlliy, k3 Let LC Longitude FIpv (^WJ_/1C V . u I- /

Atypical Vacciuiwn in Shasta County

IBH Bully Hill, Shasta Lake Shasta, CA 20 40.7882/--122.2087 1 100

IFLM Friday-Lowden Mine, Shasta, CA 26 40.7534/--122.4599 2400

Shoemaker Gulch
ILB Little Backbone Creek, Shasta, CA 20 40.7611/--122.4376 1 100

Shasta Lake
ISQC (Little) Squaw Creek, Shasta, CA 20 40.7397/--122.4689 1 100

Shasta Lake
lULB Upper Little Backbone Shasta, CA 20 40.77/- 122.4444 2000

Creek, Shasta Lake

Typical V. parvifolium. Pacific coast of California

2ACF Areata Community Forest Humboldt CA 33 40.8772/--124.0799 41

2HC Happy Camp, Doolittle Sfci 1 vol 1 A 27 41.84/- 123.45 3280

Creek Drainage, Forest

Road 17N62
2HD High Divide, Hiouchi, CA Del Norte, CA 2 41.8029/ -124.0625 42

2JS Jedediah Smith State Park, Del Norte, CA 15 41.8083/--124.0894 42
Redwood National Park,

Redwood State Park
2LD Low Divide, Hiouchi, CA Del Norte, CA z 40.7798/--124.1 144 41H

1

2LR Lentell Road, Eureka, CA Humboldt, CA 2 41.9146/--124.1 144 42
2SFM South Fork Mountain Trinity, CA 20 40.3474/--123.221 4700
2SR' Six Rivers National Forest Del Norte, CA 4 41.7683/--123.8852 3090
2SR^ Six Rivers National Forest, Del Norte, CA 4 41.8268/--123.8729 3600

Camp Six

2SR" Six Rivers National Forest, Del Norte, CA 4 41.7884/--123.8713 3824
Gordon Mtn.

Typical V. parvifolium, western Oregon and Washington

31 Issaquah, Christmas Lake King, WA 1 47.432/- 121.760 4250
3MP Mary's Peak Recreation Area Benton, OR 23 44.4957/--123.5436 2575

Atypical Vaccin iiim in the central Sierra Nevada

4BC Big Creek, Yosemite Mariposa, CA 22 37.5083/--119.6604 4630
National Park

4CC Clear Creek Road El Dorado, CA 20 38.6901/ -120.6361 2600
4GH Greeley Hill Tuolumne, CA 19 37.7683/--120.0625 3281

4MC Moss Creek, Yosemite Tuolumne, CA 20 37.7638/--119.8332 5972
National Park

V. deliciosum

5VDE Shasta Bally, Whiskeytown Shasta, CA 20 40.6011/--122.6437 5900
National Park

program provided with the Multiplex PCR Kit

(Qiagen). Forward primers for all loci were labeled

with a fluorescent tag for visualization on an
ABI3 130x1 capillary electrophoresis system (Ap-
pHed Biosystems, Carlsbad, CA): CA23F and
CA787F labeled with HEX, CA421 and VCC1_I2
with 6FAM, and VCC1_J9 with NED. Electro-

phoresis was conducted using a 1:100 dilution of
amplification products.

Data Analysis

In order to quantify the extent of vegetative

reproduction in Vaccinium, multiple ramets of the

same genet were identified as matching multi-

locus genotypes using the Multilocus Matches
tool in GenAlEx v. 6 (Peakall and Smouse
2006). Missing data were considered sufficient

to identify a mismatch. The genet diversity of

each population was quantified as the number of

unique genotypes observed per sample (G/N).

Differences in genet diversity among geographic

regions (coastal, Shasta, and Sierra) were deter-

mined using univariate ANOVA as implemented
in SPSS V. 17.0 (IBM SPSS, Chicago, IL). The
probability of identity function was then used

to determine the expected number of unrelated

genets with the same multilocus genotype in each
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Fig. 2. Vacciniuni populations were sampled in western Oregon and western Washington, coastal California,

Shasta County, and the Sierra Nevada. The Shasta County populations included one population of V. deliciosum

(5VDE). Population abbreviations follow Table 1.

population. When multiple ramets were identified

in a population, the data set was reduced to

unique genets (one stem per genotype) and
assessed for basic measui"es of allelic diversity,

including the percent polymorphic loci (P), mean
alleles per locus {A), effective alleles per locus {A^)

(which standardizes for varying sample sizes),

observed (//o) and expected heterozygosity (//e),

and the within-population fixation index {F).

All measures were estimated using GenAlEx v.

6 (Peakall and Smouse 2006). When sufficient

samples were present (10 genets), populations

were tested for an excess of heterozygotes relative

to mutation-drift equilibrium using the Wilcoxon
sign-rank test under a two-phase mutation model

as implemented by Bottleneck (Cornuet and
Luikart 1996).

When applying microsatellite markers to differ-

ent species, mutation of the PGR primer site may
produce null alleles that do not produce visible

products. These null alleles may inflate certain

genetic measures such as the fixation index (or

estimated inbreeding) and decrease other measures

(such as heterozygosity). As the markers used in

this study were not designed specifically for V.

parvifoliuni or V. deliciosiuu, null alleles must be

taken into account for some analyses. In order to

detect null alleles, those populations with suffi-

cient sample sizes (unique genotypes) were assess-

ed using Micro-Checker v2.2.3 (van Oosterhout
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et al. 2004). When null alleles were detected, the

adjusted allele frequencies and genotypes (ran-

domized within the population) were calculated

using the method of Brookfield (1996) where no
null-null homozygotes are expected.

Both raw data and the null-adjusted genotypes

were then used to estimate measures of popula-

tion differentiation using analysis of molecular

variance (AMOVA) over two models. The first

model assumed no hierarchical structure and

estimated the differentiation of all populations

relative to the total. The second model tested for

hierarchical structure among geographic regions

of populations, and estimated differentiation

among populations within each region, and
among regions relative to the total collection.

The hierarchical model grouped populations

geographically and taxonomically into four

groups: the atypical Vaccinium from Shasta

County (category 1), typical V. parvifoUum from

the Pacific coast and western Oregon (categories

2 and 3), the atypical Vaccinium from the central

Sierra Nevada (category 4), and V. deliciosum

(category 5). The two populations with a single

genet sampled (2LD and 31, Table 1) were

dropped from the AMOVA. Significance of

differentiation was determined by 999 bootstrap

replicates, as implemented in GenAlEx v. 6

(Peakall and Smouse 2006).

Allele frequencies (both raw and adjusted for

null alleles) were used to estimate Nei's (1972)

genetic distance for all pairs of populations. The
distance matrices were then used to test if gene

flow decreases as a function of geographic

distance (isolation by distance, IBD). The latitude

and longitude of each population was used to

calculate the linear distance between sites in km.
The correlation between the genetic and geo-

graphic distance matrices was assessed using the

Mantel Test procedure as implemented by
GenAlEx v. 6 (Peakall and Smouse 2006).

Significance of the correlation was assessed from
999 permutations of the dependent (genetic)

matrix relative to the independent (geographic)

matrix. The distance matrices (raw and null-

corrected) were also used to build consensus

population phenograms using Neighbor-Joining

methods, with significant branches identified from
100 bootstrap replicates following the extended
majority rule option. Phenograms were built

using the applications in PHYLIP (Felsenstein

2005).

Raw multilocus genotypes were treated to two
unsupervised multivariate analyses to identify

genetic structure not predicted a priori. First, the

genetic distance matrix for all pairs of populations
was treated to a Principle Coordinate Analysis

(PCoA) as implemented by GenAlEx (Peakall and
Smouse 2006). The analysis was conducted on the

standardized covariance matrix, with unique
genotypes represented for each population.

Second, raw genotypes were assigned to

anonymous genetic clusters using Markov Chain
Monte Carlo simulations and Bayesian likelihood

methods as implemented in the program Struc-

ture V. 2.3.3 (Pritchard et al. 2000). This analysis

is a robust method to identify clusters of similar

multilocus genotypes even in the presence of

admixture (Pritchard et al. 2000; Falush et al.

2003). To account for a low frequency of null

alleles, the analysis was conducted with the

assumption of unreported recessive alleles, allow-

ing for homozygous genotypes to be considered

as putative heterozygotes for an undetected (null)

allele (Falush et al. 2007; Pritchard et al. 2007).

For these data, simulations were undertaken to

test for the most likely number of clusters for

the set K = {1:10}, over 100,000 replications

following a burn-in period of 50,000 replications,

with no prior population information provided.

The parameters were set to assume allele fre-

quencies were uncorrelated among populations,

which is feasible given the taxonomic and
geographic scale of this study. For example, at

least two distinct species have been sampled, and
many populations are separated by greater

distances than the typical pollinator, bees, are

expected to travel regularly. Using the uncorre-

lated frequencies may merge similar populations

and deflate estimates of K, while correlated

frequencies may inflate K (Pritchard et al.

2000). The parameter set did allow for admixture

within populations and individuals, which can

account for migration or hybridization events.

Calculations are based on the mean likelihood of

five simulations for each value of K. The number
of genetic clusters {K) was inferred from the test

statistic dK following Pritchard et al, (2000), and
individual assignments were assessed visually for

the simulation with the greatest likelihood value.

In addition, the genetic relationship of the

inferred genetic clusters was visualized as a

population phenogram using Neighbor-Joining

methods (Saitou and Nei 1987) visualized using

the DrawTree application from PHYLIP (Fel-

senstein 2005).

Results

Matching multilocus genotypes were identi-

fied in 12 populations (including V. deliciosum),

indicating Vaccinium reproduces vegetatively

with some frequency. The majority of individuals

sampled had a unique multilocus genotype (mean
number of samples per genotype = 1.24, =

0.05), with a maximum of 1 1 stems found to

share one genotype (population 4BC, where all

stems were in a single, large patch). Resulting

measures of genet diversity (G/N) were high

(mean = 0.81, = 0.05), with values ranging

from 0.27 to 1.0 (Table 2). An analysis of

variance indicated the levels of G/N to vary
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Table 2. Genotypic and Allelic Diversity among Populations of Vaccinium spp. Assessed at Five
MiCROSATELLiTE Loci. G = Number of unique multilocus genotypes; n = Sample size; P = Percent polymorphic
loci; A = Mean alleles per locus; = Effective alleles per locus; Ho = Observed heterozygosity; = Expected
heterozygosity; F = Fixation index; deviation from Hardy-Weinberg equilibrium may be affected by the presence

of null alleles.

Pon 1

1

G/N P A A ij r

IBH 12 20 0.60 80 3.4 2.6 0.483 0.438 0.082

IFLM 22 26 0.85 60 4.0 2.7 0.318 0.414 0.271

ILB 20 20 1.00 80 5.2 3.2 0.393 0.399 -0.003
ISQC 10 20 0.50 80 3.8 2.6 0.360 0.451 0.160

lULB 20 20 1.00 80 4.8 3.2 0.370 0.367 -0.032
2ACF 33 33 1.00 80 10.0 5.2 0.473 0.603 0.227

2HC 26 27 0.96 100 8.6 5.3 0.496 0.579 0.261

2HD 2 2 1.00 50 1.8 1.7 0.600 0.325 -0.867
2JS 15 15 1.00 80 8.0 4.4 0.554 0.604 0.073

1 0.50 50 1
1 .5

1 c
1.6

A AA0.600 A 1 AA0.300 — 1 .000

2LR 2 2 1.00 80 2.2 2.1 0.500 0.425 -0.167

2SFM 20 20 1.00 100 10.4 6.2 0.536 0.633 0.146

2SR 12 12 1.00 80 7.2 4.5 0.570 0.603 0.082

31 1 1 1.00 60 8.2 6.0 0.583 0.609 0.001

3MP 22 23 0.96 80 1.6 1.6 0.600 0.300 - 1 .000

4BC 6 22 0.27 60 2.0 1.6 0.467 0.281 -0.593

4CC 16 20 0.80 60 4.0 2.5 0.263 0.325 0.132

4GH 13 19 0.68 60 3.8 2.8 0.338 0.389 0.291

4MC 13 20 0.65 100 4.4 2.3 0.277 0.381 0.378

5VDE 13 20 0.65 60 4.6 3.4 0.491 0.478 -0.020

Mean 13.95 17.2 0.82 75 4.98 3.28 0.464 0.445 -0.080

among geographic groups (Shasta County, coast-

al area, or Sierra Nevada) of putative V. parvi-

folium {V. delicioswu excluded) {Fi \e — 4.66, P =
0.026).

The estimated probability that two unrelated

genets displayed the same multilocus genotype
(probability of identity, PI) varied among collec-

tions. The greatest PI occurred in populations

with small sample sizes (2LD, PI = 0.05; 2HD, PI
= 0.03) or in the population with the highest

frequency of clonality resulting in a low effective

sample size (4BC, PI = 0.05). The remaining

populations displayed lower PI values, ranging

from 2.5 X 10"^^ to 0.008. When PI values were
used to estimate the predicted number of

unrelated genets with the same genotype in each

population, based on sample sizes, only one
population (4BC) was expected to have one
duplicate genet (1.004), with all other values less

than 0.2. These values indicate that while the five

microsatellite loci did not provide universally low
PI values in each population, the sampling
strategy was sufficient to conclude that duplicate

genotypes are most likely ramets of one genet and
not a consequence of low statistical power.

All loci displayed allelic variation, although

some populations were fixed for single variants

(Table 2, Supplemental Material). Allelic diversi-

ty varied among populations, with the average

number of alleles ranging from 1.6 to 10.4 per

population. This range is likely influenced by
differences in sample sizes, as a smaller range was
estimated for the effective alleles per population,

which accounts for differences in sample number
(mean 3.3 alleles, range 1.6 to 6.2). Moderate
levels of heterozygosity were observed (mean
= 0.464), with levels of fixation ranging from
-1.0 to 0.378 (mean -0.08).

No evidence was found of genetic bottlenecks.

All tests for heterozygosity excess relative to

mutation-drift equilibrium were non-significant.

Tests of per-locus excess homozygosity re-

vealed the occurrence of null alleles to be variable

among loci and populations. Four populations

contained an insufficient number of unique

genotypes for the Micro-Checker (van Oosterh-

out et al. 2004) analysis: 2HD, 2LD, 2LR, and 31.

Evidence of null alleles was found in four of the

five loci. Null alleles were detected at locus

CA421 in populations 2ACF, 2JS, 3MP, and
4MC; at locus CA787F in populations 2ACF,
4GH, at locus VCC1_I2 in populations IFLM
and 5VDE, and at locus VCC1_J9 in populations

2HC, 2SR, 3MP, and 4CC (Suppleinental Mate-
rial). The frequency of the detected null ranged

from low (0.071) to moderate (0.262), indicating

that null alleles may have inflated fixation indices

(indicating a deficit of heterozygotes) in these

collections. Genotypes adjusted for null alleles at

each affected locus were randomized within each

population and used for population-level analy-

ses of differentiation and genetic distance.

Analysis of molecular variance over the null-

corrected data revealed significant differentiation

among populations and categories of populations

in this collection of Vaccinium. The one-level
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model estimated 58% of the variance to be

contained within populations and 42% of the

genetic variance to be partitioned among popu-

lations (P < 0.001). Significant differentiation

was observed in the two-level hierarchical mo-
del based on geographic location: 51% of the

variance was contained within populations, 10%
of the variance was distributed among popula-

tions within a region, and 39% among geographic

regions (P < 0.001). Estimates of differentiation

from the raw genotypic data were congruent to

those from null-corrected data (data not report-

ed), indicating the occurrence of null alleles in the

data set was insufficient to bias the detection of

differentiation among these populations.

Levels of genetic distance calculated from the

corrected genotypes varied among pairs of

populations (Table 3). Genetic distances were

greater between populations in different geo-

graphical regions, and smaller among popula-

tions within geographic areas. This pattern was
confirmed by tests for isolation by distance

(IBD), which identified a significant positive

correlation between genetic and geographic

distance among all pairs of populations for both
raw (T^xY = 0-38, P < 0.001) and null-corrected

data {R^Y = 0.39, P = 0.003). This pattern is

consistent with the AMOVA analyses indicating

greater differences among regions than among
populations within a region.

Population phenograms built from the raw or

null-corrected data were mostly congruent in

their topology but neither was statistically

significant (all branches were observed in less

than 60% of bootstrap replicates). In both
phenograms, populations grouped by geography,
with the coastal populations (categories 2 and 3)

forming one clade, the Sierra Nevada populations

(category 4) a second clade, and the Shasta

County populations (category 1) a third clade

(Fig. 3). Potentially the most informative differ-

ence between the raw and null-corrected pheno-
grams involved the placement of the single

population of V. deliciosum (5VDE). In the raw
data phenogram, 5VDE is placed between the

coastal clade and the Shasta and Sierra clades,

while in the null-corrected data, 5VDE is placed

between the Shasta and Sierra clades (Fig. 3).

Together, these phenograms indicate the atypical

populations from Shasta County and the central

Sierra Nevada are more similar to the congener
V. deliciosum than the coastal populations of V.

parvifolium.

While the phenograms represent the similari-

ties among population averages, the Principle

Coordinate Analysis (PCoA) maximizes differ-

ences among individuals. The PCoA based on the

raw genotypes clustered samples by geogra-
phic collection and morphology on the first two
axes, which explained 61% of the variation

among individuals (Fig. 4). Four putative genetic

clusters were indicated by the PCoA: V. parvifo-

lium of typical morphology from the coastal

areas, Vciccinium from the Sierra Nevada Moun-
tains, Vaccinium from Shasta County, and the

congener V. deliciosum. The first axis distinguish-

es the typical V. parvifolium from the Coastal

Ranges and western Oregon from the collections

of atypical Vaccinium from Shasta County and
the Sierra Nevada. The single population of V.

deliciosum is intermediate to these, but more
similar to the atypical Vaccinium collections

(Fig. 4). The second axis further separates the

atypical Vaccinium collections by geographic

region.

The admixture analyses using Structure esti-

mated the most likely number of genetic clusters

in the Vaccinium data set to be five {dK^ ~ I, all

other dK ~ 0). Individual assignment to each

cluster roughly followed population categories

per Table 1. The populations of V. parvifolium

of typical morphology were genetically similar

and potentially admixed, being assigned to two
clusters in varying proportions (orange and red).

The five populations of atypical morphology
from Shasta County were assigned to a single

cluster (blue). The atypical populations Vaccin-

ium from the Sierra Nevada were assigned to

another cluster (purple), with some admixed
with the blue cluster. The single population of

V. deliciosum (5VDE) was distinct and assigned

to a unique genetic cluster (green) (Fig. 5). These
individual assignments are concordant with the

PCoA results.

The Neighbor-Joining phenogram of anony-
mous genetic clusters identified in the Structure

analysis was concordant with the PCoA and
population phenograms. The cluster containing

atypical Shasta County samples (blue) was more
similar to the cluster containing atypical central

Sierra Nevada collections (purple) and V. deli-

ciosum (green) than to the clusters containing

samples of typical morphologies (orange and red)

(Fig. 5). These results are likely not an artifact of

the null alleles as nulls were accounted for in the

Structure analyses. Together, these results indi-

cated the genetic differences among populations

corresponded to geographic and morphological
factors.

Discussion

Genetic Differentiation among
Sampled Populations

The primary goal of this study was to establish

whether populations of Vaccinium from Shasta

County and the Sierra Nevada displaying atyp-

ical berry color and morphology were geneti-

cally similar to typical V. parvifolium from
northwestern California and western Oregon
and Washington. Analyses of five microsatellite
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Fig. 3. Unrooted Neighbor-Joining consensus population phenograms from Nei's (1972) genetic distances among
20 populations of Vaccinium. (A) The phenogram built from the raw data. (B) The phenogram built from null-

corrected allele frequency data. Low statistical support was found for the topologies, with all branches occurring in

<60% of bootstrap replicates.

loci revealed significant structure and differentia-

tion along geographic and morphological groups.

Four statistical analyses provide congruent evi-

dence that the atypical populations of Vaccinium
are genetically distinct from the V. parvifoliuiu

located in the Pacific coastal areas, and are more
similar genetically to V. deliciosum, indicating

additional systematic consideration may be war-
ranted.

The level of differentiation among regions in

this study was greater than the among-population

variation reported for other Vaccinium species.

The level of differentiation observed among
populations within geographic regions in this

study (10%) is consistent with the other Vaccin-

ium reports (Yakimowski and Eckert 2008; Bell

et al. 2009; Debnath 2009). Levels of differenti-

ation among geographic regions was much higher

(39%), indicating gene flow is restricted between
the sampling categories (Table 1).

Varying levels of vegetative reproduction were

identified across the collection. Vaccinium species
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Fig. 4. Principal coordinate analysis reveals genetic structure among populations of Vacciniiuu. Each point

represents one genet, and symbols correspond to population. Color relates to morphological variation depicted

in Fig. 1.

are widely reported to reproduce clonally (Kreher

et al. 2000; Yakimowski and Eckert 2008; Bell

et al. 2009). Vaccinium parvifolium is reported to

typically reproduce sexually but capable of

producing sprouts in response to disturbance or

damage (Wender et al. 2004) and in some cases

via rhizomes (Gehrung 2001). Here, most popu-
lations displayed high levels of genet diversity

(>0.8), but the collections from the Sierra

Nevada displayed greater vegetative reproduction

than those from the Coastal areas as indicated by
smaller G/N ratios. Rhizomatous species may
share resources among stems via a complex root

system, providing a mechanism of survival in

suboptimal or heterogeneous habitats (Wender
et al. 2004). Thus, differences in vegetative

reproduction in Vaccinium in different geograph-
ic regions may reflect an adaptive response to

habitat quality or disturbance.

The presence of null alleles at four of the five

loci may inflate measures of fixation and bias

estimates of population differentiation, yet the

low frequency of most nulls and their uneven
distribution among populations minimized the

impact on data interpretation. Null alleles are

expected to be higher in frequency when primers

designed for one species are used to amplify

microsatellite loci in a related species, as was
done in this study. However, if the lack of

amplification resulted from fixed differences

between V. parvifolium and the species for which
the primers were designed ( V. corymbosum.

highbush blueberry, Boches et al. 2005), we
would expect null alleles to occur at high

frequency in the majority of populations. Three
lines of evidence indicate the impact of the null

alleles was minimal and the genetic patterns

observed were robust. First, as the AMOVA
conducted for both raw data and that adjusted

for null alleles produced congruent values, the

results are likely conservative estimates of differ-

entiation among populations and regions. Sec-

ond, the Neighbor-Joining trees built with both

raw data and null-corrected allele frequency data

showed highly concordant topologies. Third, the

Structure admixture analysis and individual

assignment tests were parameterized to account

for low frequencies of null alleles (Falush et al.

2007) and identified genetic structure concordant

to those resolved with other analyses.

A high number of unique alleles were detected

in various Vaccinium populations. A total of 27

alleles (26%) were only observed in a single

population, with 12 of the 20 populations

displaying at least one unique allele (Supplemen-

tal Material). Private alleles were more frequent

in the typical coastal and atypical Sierra Nevada
populations than the atypical populations of

Shasta County, indicating gene flow is restricted

among regions. A relatively small number of

migrants per generation (A^e'^ — 4) is sufficient to

maintain genetic similarity between demes (Hartl

and Clark 2007). Restricted gene flow between

the Sierra Nevada and Coast Ranges seems
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reasonable given the geographic distance between
regions. A lack of gene flow between the Coast
Ranges and Shasta County may be more
surprising. Some populations of differing mor-
phology are closer geographically (e.g., ISQC
and 2SFM separated by 77 km) than are two
populations of the typical phenotype (e.g., ISQC
and 3MP separated by 425 km). Yet the distant

populations of similar morphology are signifi-

cantly more similar genetically. The lack of

private alleles in the Shasta County populations

may be due to a number of demographic factors

requiring additional study (e.g., inbreeding). The
locus CA23F displayed fixed differences between
geographic regions, with samples from the coastal

areas being homozygous for a smaller allele

(164 bp) and all other samples from the Sierra

Nevada being homozygous for a larger allele

(167 bp). Given the expected high rate of

mutation at SSR loci, the lack of variation at

this locus may indicate it is linked to a functional

variant under strong selection. Additional study

will be required to determine if fixed allelic

differences correspond to any adaptive variation.

Systematic Interpretations of Differentiation

The second objective of this study was to

determine whether any genetic differences be-

tween populations might be indicative of greater

systematic divergence than currently described in

the taxonomic treatments. Morphologically, V.

parvifolium forms a distinct clade separate from
the V. deliciosumIovalifolium complex (Vander
Kloet and Dickinson 1999). Vaccinium parvifo-

lium is typically larger than related Vaccinium

species, and is characterized by slower germina-
tion and apical meristem development in seed-

lings, and persistent juvenile leaf morphology,
distinctive biochemical properties and a taproot

system unique in the section. Phenotypic variation

within V. parvifolium is well noted (Vander Kloet

and Dickinson 1999; Gehrung 2001). Gehrung
(2001) noted the rhizomatous growth and distinct

berry color in the Sierra Nevada populations,

and suggested elevation to subspecific status may
be appropriate upon further study. However, if

variation is due to phenotypic plasticity among
panmictic, we would expect low genetic differen-

tiation between morphologically distinct popula-
tions, which is not the pattern observed here.

Further, phenotypic variation in the related V.

memhranaceum Douglas ex Torr.was shown to be
environmentally induced (Schultz 1944 in Vander
Kloet and Dickinson 1999); common garden
experiments are required to determine the genetic

basis of morphological variation in V. parvifolium.

Vaccinium deliciosunu in contrast, is rhizomatous,

forming dense stands of ramets, and displays very

little phenotypic variation (Gerhung 2001). Ge-
netic examinations have also separated these

species into different clades of section Myrtillus.

Cytological evidence reported V. parvifolium from
the Pacific Coast (British Columbia, Canada and
Washington state) as diploid {n = 12) while V.

deliciosum was described as tetraploid {n = 24)

(Vander Kloet and Dickinson 1999). Combined
analyses of nuclear ribosomal ITS and chloroplast

matK sequences clustered V. parvifolium with V.

ovalifolium and indicated this clade to be directly

ancestral the V. deliciosum clade (Powell and
Kron 2002).

The genetic differentiation observed in this

study indicates greater diversity is present in V.

parvifolium than previously reported in Northern
California. The Shasta County and Sierra Ne-
vada populations are more similar genetically to

the congener V. deliciosum than they are to the

coastal populations. Possible taxonomic revisions

may involve expanding the definition of V.

parvifolium to allow variation in berry color and
high levels of genetic differentiation. Alternative-

ly, a novel Vaccinium species or subspecies may
be necessary to accurately reflect the morpholog-
ical and genetic variation. Given the divergence

of the Shasta County and Sierra Nevada
populations from the typical V. parvifolium, the

latter option may be more accurate. Additional

morphological and ecologic study of these

populations is warranted.

Ecological and Conservation Implications

Given the important role of Vaccinium shrubs in

coniferous forests (Vila et al. 2004; Wender et al.

2004; Hanley 2005), an accurate understanding of

the species diversity and distribution is necessary

to understand the ecological role of this genus.

The genetic differentiation observed among popu-
lations of Vaccinium in northern California may
reflect functional or adaptive divergence among
geographic regions, in particular with regard to

fruit color. Avian preference of berry color may
vary temporally and with background foliage

color (Burns and Dalen 2002; Honkavaara et al.

2004). In Rubus spectabilis Pursh, seed germina-

tion of different color morphs varies with soil

type, indicating fruit color may correlate with

adaptive differentiation (Traveset and Willson

1998). In addition to berry color, differences in the

extent of clonal growth patterns can affect the

functional structure of populations. Clonal

growth forms may allow genets to survive over a

much longer timespan than individual ramets,

and can significantly decrease effective population

size (Persson and Gustavsson 2001). Observation-

al and manipulative studies will be required to

confirm if these differences constitute ecologically

significant variation.

While V. parvifolium is not a species of

conservation concern, management plans should

account for the distinct gene pools identified in
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these Vaccinium collections. The distinct mor-

photype from Shasta County is of interest to

USDA Forest Service management plans as it is

consistent with growing evidence of a distinctive

biodiversity in the Shasta Lake region, particu-

larly if distinct subspecies or cryptic species are

designated. Given the significant genetic differ-

entiation among geographic groups (coastal,

Shasta County, and Sierra Nevada), artificial

movement of germplasm should be restricted to

within and not among regions. These observa-

tions are interesting as the Vaccinium berries are

fleshy and palatable, and provide forage for

numerous species in coniferous forests (Wender

et al. 2004), though the dispersal ranges are likely

small relative to the habitat range described for

V. parvifolium (Rosatti 2003).
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Abstract

Nomenclature of subdivisions within Phacelia Juss. (Boraginaceae: Hydrophylloideae) reflects an

update to the classification of the genus, based largely upon the structure offered in summary by

Ferguson. We consider this proposed classification a continuation of efforts to better understand

interrelationships within the genus and tribe Romanzoffieae Dumort., and anticipate future research

offering insights into systematics o^ Phacelia. New names, changes in status, and combinations include

the following: Phacelia sect. Baretiana Walden & R. Patt., sect, nov.; P. subsect. Bipinnatifidae (Small)

Walden & R. Patt., stat. nov.; P. subsect. Cosmantha (Nolte ex A. de Candolle) Walden & R. Patt.,

Stat, nov.; P. subsect. Cosmanthoides (A. Gray) Walden & R. Patt., stat. nov.; P. subsect. Dubiae
(Small) Walden & R. Patt., stat. nov.; P. subsect. Eutoca (R. Br.) Walden & R. Patt., stat. nov.; P. sect.

Glandulosae (Rydb.) Walden & R. Patt., stat. nov.; P. subsect. Humiles Walden & R. Patt., subsect.

nov.; P. subsect. Lineares (Rydb.) Walden & R. Patt., stat. nov.; P. sect. Pachyphyllae Walden & R.

Patt., sect, nov.; P. subg. Pulchellae (Rydb.) Walden & R. Patt., stat. nov.; P. sect. Ramosissimae
(Rydb.) Walden & R. Patt., stat. nov.; P. subsect. Ranunculacea Walden & R. Patt., subsect. nov.; and
P. subsect. Sericeae (Rydb.) Walden & R. Patt., stat. nov.

Key Words: Boraginaceae, Hydrophyllaceae, Hydrophylloideae, Phacelia, Romanzoffieae.

Philibert Commerson (variously Commerson,
Commercon, or Commergon) and Jeanne Baret

(variously Jean Baret, Jeanne Bare, Bonnefoi, or

Bonnefoy) collected the first specimens of Phci-

celia Juss. in the Straits of Magellan in the winter

of 1767-1768 (Lamarck 1792). Commerson was
the naturalist on the Bougainville expedition and
called his own fascination with plants a ''bota-

nomania" (Bougainville 1771; Oliver and Elliot

1909). Baret, mistress of and field assistant to her

"lover-master'' Commerson, was disguised as a

man for the majority of the lengthy sea journey
and identified as a woman only when the

expedition reached Tahiti (Dunmore 2002; Schie-

binger 2003). Baret was the first woman to

voyage around the world and was lauded as a

skilled botanist (Bougainville 1771; Dunmore
2002; Schiebinger 2003; Ridley 2010; Tepe et al.

2012). Botanical collections from Brazil were lost

on a return voyage across the Atlantic, and
Commerson retained the remainder of his collec-

tions, including those from the Straits of Magel-
lan, until his death (Godley 1965). Commerson
willed his herbarium to the Museum national

d'Histoire naturelle in Paris, and from these

collections de Jussieu described Phacelia as a

genus; P. secimda was later described and
designated the type species (Jussieu 1789; Gmelin
1791; Laissus 1978). Taxonomic confusion began
at the very formation of Phacelia, as researchers

proposed different classifications and alliances

for the variation observed from the Commerson
collection. ""L'Hyclrophylle de Magellan'' {Hydro-

phyllwn magellanicum Lam.) was also pubhshed
from 'i'herbier de Commerson," (Lamarck 1792;

Coville 1893; Deginani 1982). Although the

informal Magelkmicae'"' has been generally

adopted for the group of perennial species (e.g.,

Phacelia magelkmica polyploid coinplex, Phacelia

"species group Magelkmicae^'), the type species of

the genus is also included within the subdivision

and so the epithet for the subsection is Phacelia

(Heckard 1960; Constance and Chuang 1982).

Gray (1875) combined the genera of A. de

Candolle (1845) within Phacelia as subgenera,

establishing a structure within the genus that has

remained largely unchanged. In the first edition

of the Manual of Botany, Gray (1848) noted

subgenera and sections with the same mark, §.

Clarification came in the second edition, with

subgenera and sections both noted with §, but

subgenera in all capitals (Gray 1856). In the

Synoptical Flora, Gray (1878) defined the use of

symbols and rank: "The characters of sections of

genera, when of comparatively high rank, are

designated by the sectional mark (§) and printed

in the larger type; and those of first importance,

such as may be termed subgenera, are distin-

guished by having a substantive name. Subsec-

tions, and also primary divisions when of low
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rank, are in small type." These clarifications with

discussion illustrated the need for hierarchical

subdivisions in Phacelia and demonstrated ac-

knowledgment of the intended use in the field

(Candolle 1867; Brizicky 1968, 1969). Gray's

taxonomy developed with each iteration of

published subdivisions within Phacelia, although

adoption and application were not standardized.

Nomenclature provided structure and guidance

as contemporaries of Gray followed or chal-

lenged his revisions and additions to the flora of

North America. The taxonomy of Phacelia was
complicated when Bentham and Hooker (1876)

inadvertently recombined taxa by citing the

subgenera of Gray (1875) but mistakenly trans-

lated (§) at sectional status, considered a biblio-

graphic error of citation, but a valid publication

with priority (Brizicky 1968, 1969; Moore 2001;

McNeill et al. 2006). Gray (1878) combined
subgenera at sectional rank, citing himself, in

his next publication, making these sectional

names later isonyms, which may be disregarded

(Bentham and Hooker 1876; McNeill et al. 2006).

Later authors, such as Brand (1913), followed

and perpetuated sectional combinations of Gray,
which resulted in common use of names with no
nomenclatural standing. We correct the sectional

nomenclature of Phacelia in the taxonomic
treatment.

Brand's (1913) classification of sections, infor-

mal '''conspectus varietatum,'''' and informal ""sys-

tema speciei"' has been the basis and inspiration

for revisional taxonomic work in the genus, due
in part to the large scale of his revision within

Hydrophyllaceae. Characters of importance used

to separate subdivisions in Phacelia were ovule

and seed number, seed shape and surface

morphology, and corolla scales (known as corolla

squamae, corolla plicae, interstaminal scales,

appendages, or lamellae) (Candolle 1845; Gray
1875, 1878; Munz 1935; Constance 1949; Gillett

1968; Hoffmann 1999).

Rydberg (1917) limited his flora to species

occurring within geographical bounds of the

Rocky Mountains and organized Phacelia into

seven unranked, but validly published, named
subdivisions. Following a long-term study of

chromosome numbers, Constance (1963) pro-

posed a classification of three subgenera and ten

informal "species groups." Investigations of

pollen surface morphology, trichomes, and seed

surface morphology resulted in expanded taxo-

nomic characters for the genus (Atwood 1975;

Halse 1979; Constance and Chuang 1982; Di
Fulvio and Dottori 1995). Ferguson (1998)
offered an update to Constance's classification,

and although not a formal taxonomic revision,

the synopsis of subdivisions in Phacelia, recog-

nized to contain three subgenera, five sections,

and six informal species groups, and broad
sampling of genera within Hydrophyllaceae,

offered a structure for future taxonomic direc-

tions in the genus. The monospecific Phacelia

subg. Howellantlms Constance (1953) has since

been removed to Howellantlms (Constance)
Walden & R. Patt., and although we assigned

the genus to tribe Phacelieae Benth. ex A. Gray
(1875), Reveal's Indices Supragenericorum Nomi-
num Plantarum Vascularium (2012) identified

Romanzoffieae Dumort. (Dumortier 1829) as

having priority at rank tribe, and we correct

our error here (Walden and Patterson 2010).

Phacelia subg. Cosmanthus (Nolte ex A. de
Candolle) A. Gray contains 20 species, P. subg.

Phacelia encompasses the remaining 187 species

across five sections, and 50 species were not

assigned to a species group within P. sect.

Phacelia (Ferguson 1998). By reviewing proto-

logues, revisions, and molecular studies, we
clarify the status of those unassigned taxa within

this proposed classification. With additional

species descriptions and systematic studies in

Phacelia since Ferguson (1998), there is a need to

formally recognize subdivisions in the genus,

combine some previously separate subdivisions

{P. subg. Phacelia and P. subg. Eutoca), provide

names for other subdivisions (see Appendix 1 for

outhne), and note traditional taxonomic charac-

ters that are useful for classification and identi-

fication in a key to subdivisions.

Phacelia subg. Phacelia

Howell published revisions on two groups of

annual species with entire-margined leaves from
P. sect. Euphacelia (Howell 1943b) and P. sect.

Eutoca (Howell 1945), later combined as the

informal ''species group Humiles''' by Constance

(1963). Lee (1986) examined the systematics of

"species group Humiles'' using corolla venation

patterns and identified five morphological
groups. Molecular studies of Phacelia support a

sister relationship between the annual "species

group Humiles'' and perennial "species group
Magellanicae,'" which we recognize formally here

as P. subsect. Humiles and P. subsect. Phacelia

within P. sect. Phacelia (Ferguson 1998; Gilbert

et al. 2005; Walden 2010). It is clear that the

nomenclature and taxonomic relationships of

South America annual and perennial taxa should

be reconsidered (Deginani 1982).

Molecular studies have supported a clade

consisting of three perennial species: P. hydro-

phylloides Torr. ex A. Gray, P. procera A. Gray,

and P. bolanderi K. Gray (Ferguson 1998; Gilbert

et al. 2005; Walden 2010). These species have

been traditionally included within Phacelia subg.

Eutoca A. Gray, and were described together in

one publication (Gray 1875). We treat this

perennial group as P. sect. Baretiana within P.

subg. Phacelia, named to honor the contributions

of Baret to the botanical history of the genus, her
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long life, and long journey to public recognition

(Walden 2010).

''Species group Crenulatae'' is an assemblage

of 50 species, traditionally grouped by the

morphological characteristics of trichomes stipi-

tate-glandular with unicellular or multicellular

heads, plants generally mephitic or malodorous,

seeds cymbiform and excavated along one or

both sides of a central adaxial ridge, seed surface

reticulate-pitted and sometimes alveolate, and
n = \ \ (Voss 1937a, b; Atwood 1975; Garrison

2007; Walden 2010). Brand (1913) first grouped
species within the informal "P. crenulata con-

spectus varietatwn,'" gkmdidosa systema

speciei,'' and "P. neo-mexicana systema speciei,''

in his monograph of Hydrophyllaceae. Rydberg's

(1917) Phacelia [unranked] Glanckilosae some-

what encompassed the informal groupings of

Brand (1913). Voss (1937a, b) revised the

''Phacelia Cremdatae group," an informal name
that has stayed with the subdivision (Constance

1963; Atwood 1975). Taxa are distributed from
Wyoming to Mexico, with an amphitropical

disjunction of three taxa in South America {P.

artemisioides Griseb., P. pinnatifida Griseb. ex

Wedd., and P. setigera Phil.) (Deginani 1982).

Molecular studies have supported sampled "spe-

cies group Crenulatae'"' as monophyletic, al-

though clearly not limited to a four-seeded

capsule, and sister to a monophyletic "species

group Tanacetifoliae'' [treated here as P. sect.

Ramosissimae] (Gilbert et al. 2005; Garrison

2007; Hansen et al. 2009; Walden 2010). We
treat Rydberg's validly published name as the

basionym for P. sect. Gkmdulosae within P. subg.

Phacelia.

When Gray (1875) established P. subg. Cos-

manthus and P. subg. Cosmanthoides, he did so

by splitting Cosmanthus Nolte ex A. de Candolle
sect. Eucosmanthiis, and assigning the majority of

species to P. subg. Cosmanthoides. The typifica-

tion of each subdivision has not been made
explicit, and we provide lectotypification here.

Orthographic changes in gender are required in

subdivisions combined from Cosmanthus to

PhaceUa. In the preface to his Manual, Small

(1933) wrote: "Complex genera have been
divided into more natural groups, both for

convenience of study and also in order to make
the genera, as far as possible, correspond to the

great majority of groups of species now recog-

nized as genera by most present-day botanists."

The unranked subdivisions of Small (1933) are

treated as the basionyms for P. subsect. Bipinna-

tifidae and P. subsect. Dubiae. Constance (1949,

1950) authored revisions of P. subg. Cosmanthus,
documenting the distribution of the group from
northeastern United States into Mexico and
Guatemala. Gillett (1968, pg. 368) noted "a basis

for deleting the subgenus Cosmanthus as a

systematic group"; in its place he proposed five

informal groups from biosystematic studies

(Gillett 1964, 1965a, b, 1968). Molecular studies

have maintained the monophyly of this subdivi-

sion, although with limited sampling, supported

as sister to Gillett's "species group Franklinii''

(treated here as P. sect. Eutoca) and nested within

P. subg. Phacelia (Ferguson 1998; Gilbert et al.

2005; Hansen et al. 2009; Walden 2010). We treat

P. sect. Cosmanthus within P. subg. Phacelia.

Gillett's "jP. ranunculacea Group" has been
further explored by Sewell and Vincent (2009),

and by Glass and Levy (201 1), and we treat this

clade as P. subsect. Ranunculacea within P. sect.

Cosmanthus.

Gray (1875) included Eutoca R.Br, within

Phacelia, justifying the merger by noting that

Phacelia and Eutoca were "polymorphous"
(Gray 1875). Rydberg's (1917) Phacelia [un-

ranked] Lineares and Phacelia [unranked] Ser-

iceae were investigated in a series of biosystematic

studies by Gillett (1960a, b, 1961, 1962, 1963) as

the informal "species group Franklinii.'' We treat

Rydberg's taxa as P. subsect. Lineares and P.

subsect. Sericeae within P. sect. Eutoca.

Phacelia subg. Microgenetes

Molecular studies have supported a monophy-
letic clade formed of three species: P. pachyphylla

A. Gray, P. calthifolia Brand, and P. neglecta M.
E. Jones, sister to P. sect. Euglypta and P. sect.

Miltitzia (Dempcy 1996; Ganong 2002; Gilbert et

al. 2005). Gray (1883) noted in his description of

P. pachyphylla, "A most peculiar species, to be

placed at the end of the Microgenetes section."

Howell (1942) provided a diagnosis for the

informal group within a key when forming the

"compact triad among our desert phacelias," and
Gilbert et al. (2005) noted, "All analyses sup-

ported Howell's (1946) Phacelia pachyphylla

complex as a distinct lineage." We treat this

group as P. sect. Pachyphyllae within P. subg.

Microgenetes.

Phacelia subg. Pulchellae

Rydberg's (1917) Phaceha [unranked] Pulchel-

lae, diagnosed within keys, contained ten species

of annual or perennial plants of low habit,

corollas open-campanulate to tubular, corollas

with stamens included, reticulate-pitted seeds,

leaves long-petiolate, and leaf margins entire to

lobed. Although only implied, the sharing of

similar characteristics of Phacelia [unranked]

Pulchellae to Phacelia [unranked] Bicolores sug-

gested a close relationship between the two
subdivisions (Torrey 1871; Gray 1875; Rydberg
1917). In discussion, Howell (1943a) referred to

the "section Pulchellae'^ of Rydberg, but it does

not appear that was a formal publication at that

rank. Howell's (1943a) revision included 19
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species of annual or perennial plants with tubular

corollas, stamens included, styles shallowly bifid,

leaf margins entire to shallowly lobed, capsules

elliptic or oblong, and ovules more than four per

ovary. Phacelia [unranked] Pulchellae, P. sect.

Euglypta, P. sect. Miltitzia, and Romanzoffia
Cham, have tricolpate pollen without pseudo-

colpi; the remainder of sampled Phacelia share

tricolpate-tripseudocolpate pollen (Ferguson
1998). Phacelia [unranked] Pulchellae, consisting

of the species around which Howell (1943a)

centered his revision, was supported to have

basal placement within the genus in molecular

studies, sister to P. subg. Phacelia (Ferguson

1998; Gilbert et al. 2005; Walden 2010). We treat

Rydberg's validly published name as the basio-

nym for P. subg. Pulchellae.

Taxonomic Treatment

Phacelia Juss., Gen. PI. 129. 1789. —Type
(lectotype designated by J. F. Gmelin 1791):

Phacelia secuncla J. F. Gmel., Syst. Nat. ed. 13.

2:330. 1791.

Aldea Ruiz & Pavon, Fl. Peruv. Prodr. 16-17.

1794[1798]. —Type (lectotype designated by
Ruiz & Pavon, 1799): Aldea pinuata Ruiz &
Pavon, Fl. Peruv. 2:8, pi. 114 [CXIV], fig. a.

1799 (refers to p. 19 of the protologue in error).

Phacelia Juss. subg. Phacelia.

Phacelia Juss. sect. Phacelia.

PhaceUa Juss. subsect. Phacelia.

Phacelia [unranked] Heterophyllae Rydb., Fl.

Rocky Mts. 702. 1917. —Type: Phacelia

heterophylla Pursh, Fl. Amer. Sept. 140. 1814.

Included taxa: Phacelia argentea A. Nelson &
J. F. Macbr., P. californica Cham., P. capitata

Kruckeb., P. corymhosa Jeps., P. egena (Brand) J.

T. Howell, P. hastata Douglas ex Lehm., P.

hastata var. hastata, P. hastata var. charlestonen-

sis Cronquist, P. hastata var. compacta (Brand)

Cronquist, P. heterophylla Pursh, P. heterophylla

var. heterophylla, P. heterophylla var. virgata

(Greene) Dorn, P. imbricata Greene, P. imbricata

var. imbricata, P. imbricata var. bernardina

(Greene) Walden & R. Patt., P. imbricata var.

patula (Brand) Walden & R. Patt., P. leptosepala

Rydb., P. mutabilis Greene, P. nemoralis Greene,
P. nemoralis var. nemoralis, P nemoralis var.

oregonensis (Heckard) Walden & R. Patt., P.

secunda J. F. Gmel., P. secunda var. secunda, P.

secunda var. pinnata (Vahl) Deginani.

Phacelia Juss. subsect. Humiles Walden & R.

Patt., subsect. nov. —Type: Phacelia humilis

Torr. & A. Gray, in War Department (U.S.),

Pacif. Railr. Rep. 2:122. 1855.

Plants annual; herbage mephitic or unscented.

Stems decumbent to ascending to erect, sometimes

wiry, simple, or branched; hirtellous to hispidu-

lous to hirsute, eglandular or glandular, glands

colorless- to amber- or dark-tipped. Leaves
rosulate, or opposite proximally and alternate

distally, or alternate and cauHne; petiolate or

subsessile; blade linear to lanceolate to oblong or

narrowly ovate, simple and margins entire, or

margins shallowly pinnatifid or toothed or shal-

lowly lobed with pairs, lobe margins entire,

bases cuneate or attenuate, hirtellous to hispidu-

lous to hirsute, eglandular or glandular. Inflores-

cence unit a cyme, secund or racemose, usually

solitary, or sometimes geminate, ascending to

erect, one- or two-ranked, extending or not

beyond vegetation. Flowers pedicellate, pedicels

short or long, spreading to ascending, or arcuate

in fruit; calyx slightly accrescent or strongly

accrescent in fruit, lobes equal or unequal, linear

to oblanceolate to spatulate to obovate, some-
times foliaceous, hirsute and glandular, margins
ciliate; corollas deciduous or marcescent, cam-
panulate to open-campanulate to subrotate, white

or blue or lavender or purple, lamina sometimes
with translucent areas, glabrous adaxially, puber-

ulent to sparsely hirsute abaxially, lobe margins

entire or erose; nectary gland usually absent,

rarely present {P. douglasii); corolla scales usually

present, sometimes absent, linear to lanceolate to

ovate, adjacent scale edges divergent or not across

base of filament, glabrous or ciliate; stamens

included or exsert, filaments equal or unequal in

length, glabrous or papillate, anthers bronze; style

included or exsert, branched 1/2 length to

branched nearly to base, hirsute proximally;

ovules 2-12 per placenta. Fruits ellipsoid to ovoid

and compressed along sutures, or globose and
plump, hirsute and sparsely glandular. Seeds 2-

20, brown, oblong or ovoid, rounded or truncate

at ends, sometimes angled, surface finely or

coarsely reticulate-pitted, reticulations rarely in

transverse striations. n = 7, 8, 9, 10, 11.

Included taxa: Phacelia austromontana J. T.

Howell, P. brachyantha Benth., P. breweri A.

Gray, P. congdonii Greene, P. curvipes Torr. ex S.

Watson, P. davidsonii A. Gray, P. divaricata

(Benth.) A. Gray, P. douglasii (Benth.) Torr., P.

eisenii Brandegee, P. exilis (A. Gray) G. J. Lee, P.

greenei J. T. Howell, P. grisea A. Gray, P. humilis

Torr. & A. Gray, P. humilis var. humilis, P. humilis

var. dudleyi J. T. Howell, P. inconspicua Greene,

P. insularis Munz, P. insularis var. insularis, P.

insularis var. continentis J. T. Howell, P. leonis J.

T. Howell, P. marcescens Eastw. ex J. F. Macbr.,

P. minutissima L. F. Hend., P. mohavensis A.

Gray, P. novenmillensis Munz, P. orogenes Brand,

P. peckii J. T. Howell, P. phacelioides A. Gray, P.

pringlei A. Gray, P. purpusii Brandegee, P. quickii

J. T. Howell, P. racemosa (Kellogg) Brandegee, P.

stebbinsii Constance & Heckard, P. stellaris

Brand, P. vallicola Congdon ex Brand, P. verna

J. T. Howell.
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Phacelia Juss. sect. Baretiana Walden & R. Patt.,

sect. nov. —Type: Phacelia hydropJiylloides

Torr. ex A. Gray, Proc. Amer. Acad. Arts

7(2):400. 1868.

Plants perennial; herbage malodorous. Stems

decumbent to ascending to erect; usually hirtel-

lous to hirsute, glandular, glands colorless- to

amber- to dark-tipped, sometimes glabrate prox-

imally. Leaves petiolate; blade oblong to ovate to

subrhombic, simple or pinnatifid to lyrate or

pinnate with 1-3 pairs of leaflets at base, leaflets

oblong to ovate, bases attenuate or truncate to

subcordate, margins usually incised or serrate or

dentate, rarely subentire, faces usually hirtellous

to hirsute, sometimes glabrate, margins some-

times hispid-ciliate, glandular. Inflorescence unit

a cyme, paniculate or capitate, solitary or in 2-3

clusters. Flowers pedicellate, pedicels short or

long, straight in fruit; calyx slightly accrescent in

fruit, lobes equal, linear to oblanceolate to

oblong to narrowly spatulate, hirsute and glan-

dular, margins hispid-ciliate, tips spreading;

corollas deciduous, rotate to open-campanulate,

white to cream to green-white or pale blue to

lavender, throat sometimes fading brown in age,

glabrous adaxially, puberulent abaxially, lobe

margins entire or erose, spreading or revolute;

nectary gland absent; corolla scales present,

oblong, adjacent scale edges divergent across

bases of filaments, scale edges sometimes adnate

and forming a narrow sac, glabrous; stamens

slightly exsert to exsert, filaments equal or sHghtly

unequal, glabrous or hirsute, anthers blue or

purple-brown or white; style included or exsert,

branched 1/2 to 3/4 length, hirsute proximally;

ovules 3-30 per placenta. Fruits plumply ovoid to

subglobose, apiculate, hirsute. Seeds 3-60, brown
or black, oblong to ellipsoid to irregularly

cylindrical, angled, acute at both ends, adaxial

surface sometimes with shallow keel, surface

shallowly foveolate or finely scrobiculate, reticu-

late-pitted. ^=11.
Included taxa: Phacelia bolanderi A. Gray, P.

hydrophylloides Torr. ex A. Gray, P. procera A.

Gray.

Phacelia Juss. sect. Cosmantha (Nolte ex A. de

Candolle) Benth. & Hook.f., Gen. PI. 2:828.

1876. Cosmanthus Nolte ex A. de Candolle,

Prodr. 9:296. 1845. Phacelia subg. Cosmanthus
(Nolte ex A. de Candolle) A. Gray, Proc.

Amer. Acad. Arts 10:320. 1875 (as § 2.

COSMANTHUS). —Type (lectotype designat-

ed here): Phacelia fimbriata Michx., Fl. Bor.-

Amer. 1:134. 1803.

Phacelia subsect. Cosmantha (Nolte ex A. de
Candolle) Walden & R. Patt., stat. nov. Phacelia

[unranked] Fimbriatae Small, Man. S.E. Fl.

1097. 1933. —Type (lectotype designated here):

Phacelia fimbriata Michx., Fl. Bor.-Amer.
1:134. 1803.

Included taxa: Phacelia fimbriata Michx., P.

purshii Buckley

Phacelia Juss. subsect. Bipinnatifldae (Small)

Walden & R. Patt., stat. nov. Phacelia [un-

ranked] Bipinnatifidae Small, Man. S.E. Fl.

1097. 1933. —Type: Phacelia bipinnatifida

Michx., Fl. Bor.-Amer. 1:134. 1803.

Included taxon: Phacelia bipinnatifida Michx.

Phacelia Juss. subsect. Cosmanthoides (A. Gray)
Walden & R. Patt., stat. nov. PhaceUa subg.

Cosmanthoides A. Gray, Proc. Amer. Acad. Arts

10:320. 1875 (as § 3. COSMANTHOIDES).
Phacelia sect. Cosmanthoides (A. Gray) Benth.

& Hook.f., Gen. PI. 2:828. 1876. —Type
(lectotype designated here): Phacelia platycarpa

(Cav.) Spreng., Syst. Veg. (ed. 16) [Sprengel]

1:584. 1824 [1825].

Included taxa: Phacelia altotonga B. L. Turner,

P. austrotexana (J. A. Moyer) B. L. Turner, P.

carmenensis B. L. Turner, P. gilioides Brand,

P. glabra Nutt., P. hirsuta Nutt., P. laxa Small, P.

neffii B. L. Turner, P. patuliflora A. Gray, P.

platycarpa (Cav.) Spreng., P. platycarpa var.

platycarpa, P. platycarpa var. bursifolia (Willd.

ex Roem. & Schult.) Constance, P. platycarpa

var. madrensis (Greenm.) Constance, P. pulcher-

rima Constance, P. strictiflora (Engelm. & A.

Gray) A. Gray, P. strictiflora var. strictiflora, P.

strictiflora var. connexa Constance, P. strictiflora

var. hmdelliana Constance, P. strictiflora var.

robbinsii Constance, P. teucriifolia I. M. Johnst.,

P. zaragozana B. L. Turner.

Phacelia Juss. subsect. Dubiae (Small) Walden &
R. Patt., stat. nov. PhaceUa [unranked] Dubiae
Small, Man. S.E. Fl. 1097. 1933. —Type:
Phacelia dubia (L.) Trel. & Small, Rep.
(Annual) Arkansas Geol. Surv. (for 1888).

4:205. 1891.

Included taxa: PhaceUa dubia (L.) Trel. &
Small, P. dubia var. dubia, P. dubia var. georgiana

McVaugh, P. dubia var. interior Fernald, P.

maculata Wood.

Phacelia Juss. subsect. Ranunculacea Walden &
R. Patt., subsect. nov. —Type: Phacelia ranun-

culacea (Nutt.) Constance, Rhodora 42:39.

1940.

Plants annual, (5)10-25 cm; herbage unscent-

ed. Stems prostrate to erect; hirsute and glandu-

lar, glands colorless-tipped. Leaves blade oblong

to ovate, pinnatifid or pinnate with 2-6 pairs of

leaflets, lobes oblong to round, bases cuneate,

margins entire or toothed, hirsute and glandular.
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Inflorescence unit a cyme, secund, 1-6 flowers.

Flowers pedicellate, pedicels short or long,

reflexed to pendent in fruit; calyx slightly

accrescent in fl'uit, lobes unequal, linear to

lanceolate, hirsute and sparsely glandular; corol-

las tubular-campanulate, pale violet or lavender,

lobe margins entire; stamens included, filaments

equal, glabrous; style included, branched 1/3 to 21

3 length, glabrous; ovules 2 per placenta. Fruits

depressed globose, hirsute. Seeds 2^, globose to

ovoid, surface finely reticulate-pitted, n = 6, 14.

Included taxa: Phacelia covillei S. Watson ex

A. Gray, P. ranuncukicea (Nutt.) Constance.

Phacelia Juss. sect. Eutoca (R. Br.) Benth. &
Hook, f., Gen. PL 2: 828. 1876. Eutoca R. Br.,

Narr. Journey Polar Sea. 764-765, tab. 27.

1823. Eutoca R. Br. sect. Ortlieutoca A. de

Candolle, Prodr. 9:296. 1845. Phacelia subg.

Eutoca (R. Br.) A.Gray, Proc. Amer. Acad.
Arts 10:322. 1875 (as § 6. EUTOCA). —Type:
Phacelia franklinii (R.Br.) A.Gray, Manual ed.

2:329. 1856.

Phacelia subsect. Eutoca (R.Br.) Walden & R.

Patt., Stat. nov. —Type: Phacelia franklinii

(R.Br.) A.Gray, Manual ed. 2:329. 1856.

Included taxon: Phacelia franklinii (R. Br.) A.
Gray.

Phacelia Juss. subsect. Lineares (Rydb.) Walden
& R. Patt., Stat. nov. Phaceha [unranked]

Lineares Rydb., Fl. Rocky Mts. 702. 1917. —
Type: Phacelia linearis (Pursh) Holz., Contr.

U.S. Natl. Herb. 3:242. 1895.

Included taxon: Phacelia linearis (Pursh) Holz.

Phacelia Juss. subsect. Sericeae (Rydb.) Walden
& R. Patt., stat. nov. Phacelia [unranked]

Sericeae Rydb., Fl. Rocky Mts. 702. 1917. —
Type: Phacelia sericea (Graham) A. Gray,
Amer. J. Sci. Arts, ser. 2. 34(101):254. 1862.

Included taxa: Phacelia idahoensis L. F. Hend.,

P. lenta Piper, P. lyallii Rydb., P. mollis J. F.

Macbr., P. sericea (Graham) A. Gray, P. sericea

var. sericea, P. sericea var. ciliosa Rydb.

Phacelia Juss. sect. Glandulosae (Rydb.) Walden
& R. Patt., stat. nov. Phacelia [unranked]

Glandulosae Rydb., Fl. Rocky Mts. 702.

1917. —Type: Phacelia glandulosa Nutt., J.

Acad. Nat. Sci. Philadelphia, ser. 2, 1:160.

1847.

Included taxa: Phacelia alha Rydb., P. aniahilis

Constance, P. anelsonii J. F. Macbr., P. argvlensis

N. D. Atwood & S. L. Welsh, P. argillaceaN. D.
Atwood, P. arizonica A. Gray, P. artemisioides

Griseb., P. hakeri (Brand) J. F. Macbr., P.

bombycina Wooton & Standi., P. cloudcroftensis

N. D. Atwood, P. coerulea Greene, P. congesta

Hook., P. constancei N. D. Atwood, P, corrugata

A. Nelson, P. cottamii N. D. Atwood, P. coulteri

Greenm., P. crenulata Torr. ex S. Watson, P.

crenulata var. crenulata, P. crenulata var. ambigua
(M. E. Jones) J. F. Macbr., P. crenulata var.

angustifolia N. D. Atwood, P. crenulata var.

minutijlora (J. W. Voss ex Munz) Jeps., P.

denticulata Osterh., P. formosula Osterh., P.

furnissii N. D. Atwood, P. glandulosa Nutt., P.

glandulosa var. glandulosa, P. glandulosa var.

deserta Brand, P. gypsogenia I. M. Johnst., P.

higginsii N. D. Atwood, P. hintoniorum B. L.

Turner, P. howelliana N. D. Atwood, P. hughesii

N. D. Atwood, P. infundibuliformis Torr., P.

infundibuliformis var. infundibuliformis, P. infun-

dibuliformis var. phanerandra I. M. Johnst., P.

integrifolia Torr., P. integrifolia var. integrifolia,

P. integrifolia var. texana (J. W. Voss) N. D.
Atwood, P. mammillarensis N. D. Atwood, P.

marshall-jolmstonii N. D. Atwood & Pinkava,

P. marshall-jolmstonii var. marshall-johnstonii, P.

marshall-jolmstonii var. deliciasana B. L. Turner,

P. neomexiccma Thurb. ex Torr., P. orbicularis

Rydb., P. pallida I. M. Johnst., P. pcdmeri Torr.

ex S. Watson, P. pedicellata A. Gray, P. petrosa

N. D. Atwood, F. J. Sm., & T. A. Knight, P.

pinkavae N. D. Atwood, P. pinnatifida Griseb. ex

Wedd., P. popei Torr. & A. Gray, P, potosina B.

L. Turner, P. rafaelensis N. D. Atwood, P.

robusta (J. F. Macbr.) I. M. Johnst., P. rupestris

Greene, P. sanzinii Hicken, P. scariosa Brande-

gee, P. serrata J. W. Voss, P. setigera Phil., P.

setigera var. setigera, P. setigera var. humahua-
quense Deginani, P. sinuata Phil., P. sivinskii N.
D. Atwood, P. J. Knight, & Lowrey, P.

sonoitensis S. P. McLaughlin, P. splendens

Eastw., P. utahensis J. W. Voss, P. vossii N. D.
Atwood, P. welshii N. D. Atwood.

Phacelia Juss. sect. Gvmnobvtha (A. de Candolle)

Benth. & Hook.f., Gen. PI. 2:828. 1876.

Cosmanthus Nolte ex A. de Candolle sect.

Gymnobythus A. de Candolle, Prodr. 9:296.

1845. Phacelia subg. Gymnobythus (A. de

Candolle) A.Gray, Proc. Amer. Acad. Arts

10:321. 1875 (as § 4. GYMNOBYTHUS). —
Type: Phacelia viscida (Benth.) Torr., Rep.

U.S. Mex. Bound., Bot. (Emory) 143. 1859.

Included taxa: Phacelia grandiflora (Benth.) A.

Gray, P. viscida (Benth.) Torr., P. viscida var.

viscida, P. viscida var. albiflora (Nutt.) A. Gray.

Phacelia Juss. sect. Ramosissimae (Rydb.) Walden
& R. Patt., stat. nov. Phacelia [unranked]

Ramosissimae Rydb., Fl. Rocky Mts., 702.

1917.—Type: Phacelia ramosissima Douglas ex

Lehm., Nov. Stirp. Pug. (Lehmann) 2:21. 1830.

Included taxa: Phacelia cedrosensis Rose,

P. cicutaria Greene, P. cicutaria var. cicutaria.
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P. cicutaria var. Iiispida (A. Gray) J. T. Howell,

P. ciliata Benth., P. cinerea Eastw. ex J. F.

Macbr., P. cryptcmtha Greene, P. distans Benth.,

P. florihimda Greene, P. gentryi Constance, P.

hirtuosa A. Gray, P. hubhyi (J. F. Macbr.) L. M.
Garrison, P. Ixodes Kellogg, P. lyonii A. Gray,

P. malvifoUa Cham. P. nialvifolia var. malvifolia,

P. malvifolia var. loasifolia (Benth.) Brand, P.

phyllomcmica A. Gray, P. platyloba A. Gray, P.

pauciflora S. Watson, P. ramosissima Douglas ex

Lehm., P. ramosissima var. ramosissima, P.

ramosissima var. austrolitoralis Munz, P. ramo-

sissima var. eremophila (Greene) J. F. Macbr., P.

ramosissima var. latifolia (Torr.) Cronquist, P.

ramosissima var. montereyensis Munz, P. rattanii

A. Gray, P. tanacetifolia Benth., P. thermalis

Greene, P. umbrosa Greene, P. vallis-mortae J.

W. Voss.

Phacelia Juss. sect. Whitlavia (Harv.) Benth. &
Hook.f., Gen. PI. 2:828. 1876. Whitlavia Harv.,

London J. Bot. 5:311-312, pi. 11. 1846.

Phacelia subg. Whitlavia (Harv.) A. Gray,

Proc. Amer. Acad. Arts 10:321. 1875 (as § 5.

WHITLAVIA). —Type: Phacelia minor
(Harv.) Thell. ex F. Zimm., Ber. Bayer. Bot.

Ges. 14:79. 1914.

Phacelia subsect. Whitlaviae (Harv.) G. W.
Gillett, Univ. Calif. Publ. Bot. 28:60. 1955. —
Type: Phacelia minor (Harv.) Thell. ex F.

Zimm., Ber. Bayer. Bot. Ges. 14:79. 1914.

Included taxa: Phacelia minor (Harv.) Thell. ex

F.Zimm., P. parry i Torr.

Phacelia Juss. subsect. Campamdariae G. W.
Gillett, Univ. CaHf. Publ. Bot. 28:62. 1955. —
Type: Phacelia campanularia A. Gray, Syn. Fl.

N. Amer. 2(1):164. 1878.

Included taxa: Phacelia campanularia A. Gray,
P. campanularia var. campanularia, P. campanu-
laria var. vasiformis (G. W. Gillett) Walden & R.

Patt., P. longipes Torr. ex A. Gray, P. nashiana

Jeps.

Phacelia Juss. subg. Microgenetes (A. de Can-
dolle) A. Gray, Proc. Amer. Acad. Arts 10:326.

1875 (as § 7. MICROGENETES). Microge-

netes A. de Candolle, Prodr. 9: 292-293. 1845.

—Type (lectotype designated by J. T. Howell
1946): Phacelia cumingii (Benth.) A. Gray, Syn.

Fl. N. Amer. 2(1):169. 1878.

Phacelia Juss. sect. Euglypta S. Watson, Botany
(Fortieth Parallel) 254. 1871. Phacelia sect.

Microgenetes (A. de Candolle) Benth. &
Hook.f., Gen. PI. 2:828. 1876. —Type (lecto-

type designated by J. T. Howell 1946): Phacelia

cumingii (Benth.) A. Gray, Syn. Fl. N. Amer.
2(1):169. 1878.

Phacelia [unranked] Bicolores Rydb., Fl. Rocky
Mts. 702. 1917.—Type: Phacelia bicolorTorv.QX

S.Watson, Botany (Fortieth Parallel) 255. 1871.

Included taxa: Phacelia a/finis A. Gray, P.

bicolor Torr. ex S. Watson, P. hrachyloba (Benth.)

A. Gray, P. cephalotes A. Gray, P. cumingii

(Benth.) A. Gray, P. fremontii Torr., P. glandu-

lifera Piper, P. gymnoclada Torr. ex S. Watson, P.

ivesiana Torr., P. leibergii Brand, P. nana Wedd.

Phacelia Juss. sect. Mdtitzia (A. de Candolle) J.

T. Howell, Leafl. W. Bot. 4:15. 1944. Mdtitzia

A. de Candolle, Prodr. 9:296. 1845. Emme-
nanthe Benth. subg. Mdtitzia (A. de Candolle)

A. Gray, War Department (U.S.), Pacif. Railr.

Rep. 1854^5, 6:84-85. 1857 (Gray wrote, '^It

will be seen that I incline to the latter view; but

should retain Mdtitzia as a subgenus."). —
Type: Phacelia lutea (Hook. & Arnott) J. T.

Howell, Leafl. W. Bot. 4:15. 1944.

Included taxa: Phacelia adenophora J. T.

Howell, P. glaberrima (Torr. ex S. Watson) J.

T. Howell, P. inundata J. T. Howell, P. inyoensis

(J. F. Macbr.) J. T. Howell, P. lutea (Hook. &
Arnott) J. T. Howell, P. lutea var. lutea, P. lutea

var. calva Cronquist, P. lutea var. mackenzieorum
J. W. Grimes & P. L. Packard, P. lutea var.

purpurascens J. T. Howell, P. monoensis Halse, P.

salina (A. Nelson) J. T. Howell, P. scopulina (A.

Nelson) J. T. Howell, P. submutica J. T. Howell,

P. tetramera J. T. Howell.

Phacelia Juss. sect. Pachyphyllae Walden & R.

Patt., sect. nov. —Type: Phacelia pachvphvlla

A. Gray, Proc. Amer. Acad. Arts 19:88. 1883.

Plants annual, 3 35 cm, herbage mephitic.

Stems erect, hirsute and glandular, glands

colorless- to amber- to black-tipped. Leaves
rosulate and long-petiolate proximally, reduced

and subsessile distally, petioles stout, proximal
petioles usually channeled; blade broadly ovate

or reniform or round, simple, bases truncate or

cordate, margins undulate to shallowly lobed or

crenate or serrulate, thick and succulent to

coriaceous, hirtellous and glandular adaxially,

glabrate and glandular abaxially, veins im-

pressed adaxially. Inflorescence unit a cyme,
secund, erect, solitary or in 2-3 clusters,

compact and not elongate proximally, extending

or not beyond vegetation. Flowers pedicellate,

pedicels short, spreading to arcuate proximally

in fruit; calyx slightly accrescent in fruit, lobes

equal, oblong to oblanceolate, pubescent to

hirsute and glandular; corollas deciduous, fun-

nelform-campanulate or open-campanulate or

subrotate, tube white to purple, lobes white to

purple, glabrous adaxially, puberulent abaxi-

ally, lobe margins entire; nectary gland absent;

corolla scales reduced and narrow, adjacent scale
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edges sometimes divergent and adnate across base

of filament, hirsute or ciliate; stamens included,

filaments subequal or unequal, glabrous or

puberulent, anthers yellow or violet; style includ-

ed, branched 1/2 to 3/4 length, hirtellous and
glandular; ovules 50-120. Fruits plumply ovoid to

globose, prominently sulcate, puberulent and
glandular. Seeds dark brown, 30-120, eUipsoid

to ovoid, angular, surface transversely corrugat-

ed, corrugations 4-8. n = 11, 12.

Included taxa: Phcicelia calthifolia Brand, P.

neglecta M. E. Jones, P. pachyphylla A. Gray.

Phacelia Juss. subg. Pulchellae (Rydb.) Walden &
R. Patt., stat. nov. Phacelia [unranked] Pulchel-

lae Rydb., Fl. Rocky Mts. 702. 1917. —Type:
Phacelia pulchella A.Gray, Proc. Amer. Acad.
Arts 10:326. 1875.

Included taxa: Phacelia barnebyana J. T.

Howell, P. beatleyae Reveal & Constance, P.

cookei Constance & Heckard, P. cronquistiana S.

L. Welsh, P. demissa A. Gray, P. demissa var.

demissa, P. demissa var. heterotricha J. T. Howell,
P. demissa var. minor N. D. Atwood, P. filiae N.
D. Atwood, F. J. Sm., & T. A. Knight, P.

filiformis Brand, P. gercmiifolia Brand, P. glecho-

mifolia A. Gray, P. incana Brand, P. indecora J.

T. Howell, P. kecka Munz & I. M. Johnst., P.

laxiflora J. T. Howell, P. lemmonii A. Gray,
P. mustelina Coville, P. parishii A. Gray, P.

peirsoniana J. T. Howell, P. perityloides Coville,

P. pulchella A. Gray, P. pulchella var. pulchella, P.

pulchella var. gooddingii (Brand) J. T. Howell, P.

rotundifolia Torr. ex S. Watson, P. sabulonum
(J. T. Howell) N. D. Atwood, P. saxicola A.
Gray, P. suaveolens Greene.

Key to Subdivisions in Phacelia

1. Plants 3-35 cm; corolla tubular to campanulate; corolla scales reduced and narrow, or absent; stamens
included, subequal to unequal in length; style shallowly 2-lobed to branched 1/2 length; capsule costate

and longitudinally sulcate

2. Annuals or perennials; seed compressed or angled, surface reticulate-pitted or foveolate

Phacelia subg. Pulchellae
2' Annuals; seeds terete and plump, surface transversely corrugated or transversely striate

Phacelia subg. Microgenetes

3. Leaf blades round, simple, bases cordate; corolla not yellow at base, tube white or purple; style

branched 1/2 length; capsule globose, plump, exceeding calyx lobes; seeds 30-120 per

capsule Phacelia sect. Pachyphyllae
3' Leaf blades oblong to ovate, usually pinnatifid to pinnate to bipinnatifid, rarely simple, bases

cuneate to truncate; corolla yellow at base, tube white or yellow or blue; style shallowly 2-lobed to

branched 1/4 length; capsule oblong to ellipsoid to cylindric, not plump, not exceeding calyx lobes

(except P. tetraiiiera); seeds 4-30 per capsule

4. Stems prostrate to ascending; herbage neither mephitic nor malodorous; corolla tardily

deciduous or marcescent in fruit, lobes white or yellow to yellow-purple. .Phacelia sect. Miltitzia

4' Stems ascending to erect; herbage usually mephitic or malodorous; corolla readily deciduous
in fruit, lobes white or pink or purple or blue Phacelia sect. Eiiglypta

1' Plants 5-200 cm; corolla tubular or campanulate or rotate; corolla scales present in pairs along lateral

veins of lamina (10 total in 5 pairs), reduced, or absent; stamens usually exsert, usually equal in length;

style branched 1/4 length to parted nearly to base; capsule ecostate and shallowly longitudinally

sulcate Phacelia subg. Phacelia

5. Annuals; corolla scales absent; seed surface shallowly reticulate-pitted and foveolate

6. Staminal appendages at base of filaments absent; seeds 40-200 per capsule, ovules 50-120 per

placenta Phacelia sect. Gynmobytha
6' Staminal appendages at base of filaments present; seeds 10-90 per capsule, ovules 5^5 per

placenta Phacelia sect. Whitlavia

7. Corolla usually purple, rarely white, corolla markings opposite corolla lobes or none;

staminal appendages hairy; seeds 1-1.5 mm Phacelia subsect. Whitlaviae
1' Corolla white or pink to pale violet or bright blue, corolla markings opposite corolla sinuses

or none; staminal appendages glabrous; seeds 1.5-2 mm Phacelia subsect. Campanulariae
5' Annuals, biennials, or perennials; corolla scales usually present, wholly or partially adnate to corolla

tube along one or both scale edges, sometimes reduced or absent; seed surface reticulate-pitted,

alveolate, or foveolate

8. Nectary gland present on lamina midvein, sometimes reduced to minute ridge; corolla scale distal

edges bordering or overlapping midvein, not divergent proximally across base of filament

9. Corolla scales wholly adnate along one edge to lateral vein, distal free edge overlapping

midvein or nectary gland; seeds 6-60 per capsule; western North America (usually west of

Great Plains, except some P. frankliuii populations) Phacelia sect. Eutoca

10. Perennials; nectary gland surface hairy; stamens exsert, filaments glabrous or

glabrate Phacelia subsect. Sericeae

10' Annuals or biennials; nectary gland surface glabrous; stamens included or equal to

corolla, filaments hairy

11. Annuals; stamens included, filaments stipitate-glandular; seeds 6-15 per capsule,

surface coarsely reticulate-pitted Phacelia subsect. Lineares



2012] WALDEN AND PATTERSON: PHACELIA SUBDIVISIONS 219

1
1

' Biennials; stamens equal to corolla, filaments eglandular; seeds 40-60 per capsule,

surface finely reticulate-pitted Phacelia subsect. Eutoca
9' Corolla scales usually wholly adnate along one or both edges to lateral vein, free edge

bordering and not overlapping midvein or nectary gland, sometimes each reduced to a ridge;

seeds 2-20 per capsule; eastern North America (east of Great Plains), Mexico, and
Guatemala Phacelia sect. Cosmantha
12. Annual or biennial herbs; seeds 2^ per capsule, ovules 2 per placenta; seed globose or

ovoid, not angled

13. Corolla tubular-campanulate; stamens included, filaments glabrous; seed adaxial keel

absent Phacelia subsect. Rammculacea
13' Corolla open-campanulate to rotate-campanulate; stamens equal to corolla or exsert,

filaments hairy; seed adaxial keel present.

14. Biennial herbs; corolla lobe margins entire or erose; stamens exsert; seed

surface coarsely reticulate-pitted, excavated along one side of adaxial

keel Phacelia subsect. Bipinnatifidae

14' Annual herbs; corolla lobe margins fimbriate; stamens equal to corolla; seed

surface finely reticulate-pitted, not excavated alongside adaxial keel

Phacelia subsect. Cosmantha
12' Annual or perennial herbs; seeds usually 5-20 per capsule, ovules usually 4-14 per

placenta, rarely ovules 2 per placenta and seeds (2-3)4 per capsule {P. zaragozana); seed

ovoid or ellipsoid, angled

15. Annual herbs; plants usually east of Mississippi River (not of Mexico or

Guatemala) Phacelia subsect. Dubiae
15' Annual or perennial herbs; plants usually west of Mississippi River (except some

populations of P. strictiflora var. hmdelliana, also of Mexico, Guatemala)
Phacelia subsect. Cosmanthoides

8' Nectary gland usually absent on lamina midvein, rarely present {P. doiiglasii); corolla scales

usually divergent proximally across base of filament, distal scale edges between filaments free or

connate, sometimes reduced or absent

16. Seed cymbiform (shallowly cymbiform in P. sonoitensis and P. infundibuliformis), usually

excavated along one or both sides of adaxial ridge, forming two longitudinal grooves,

sometimes shallowly excavated {P. hakeri), surface reticulate-pitted or alveolate, adaxial ridge

sometimes corrugated, seeds sometimes marginate, margins sometimes corrugated

Phacelia sect. Glandulosae
16' Seed terete or carinate or angled, not cymbiform, sometimes shallowly excavated

alongside adaxial ridge or keel, surface reticulate-pitted or foveolate or alveolate or

scrobiculate or rugose, adaxial ridge or keel not corrugated, seeds rarely marginate,

margins not corrugated

17. Leaves cauline, alternate, usually pinnatifid or pinnate or bipinnatifid, rarely simple

{P. bolanderi, P. malvifolia, and P. rattanii), margins lobed or pinnatifid

18. Annuals or perennials; annuals with seeds 1-40 per capsule, perennials with seeds 1^
per capsule; calyx usually strongly accrescent in fruit, lobes usually unequal

Phacelia sect. Raniosissimae
18' Perennials; seeds 3-60 per capsule; calyx slightly accrescent in fruit, lobes

equal Phacelia sect. Baretiana
17' Leaves in basal rosette or rosulate, or first pair opposite to subopposite, or leaves cauline

and alternate, simple or shallowly lobed and margins entire, or pinnatifid to pinnate and
leafiet margins entire Phacelia sect. Phacelia

19. Perennials or biennials; stamens exsert; seeds (1-2)3^ per capsule, ovules 2 per

placenta Phacelia subsect. Pliacelia

19' Annuals; stamens included or exsert; seeds (1-2)3-20 per capsule, ovules 2-20 per

placenta Pliacelia subsect. Humiles
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Appendix 1

Classification of Phacelia

Phacelia Juss.

Phacelia subg. Phacelia

Phacelia sect. Phacelia

Phacelia subsect. Phacelia

Phacelia subsect. Humiles Walden & R. Patt.

Phacelia sect. Baretiana Walden & R. Patt.

Phacelia sect. Cosmantha (Nolte ex A. de Candolle)

Benth. & Hook.f.

Phacelia subsect. Cosmantha (Nolte ex A. de
Candolle) Walden & R. Patt.

Phacelia subsect. Bipinnatifidae (Small) Walden
& R. Patt.

Phacelia subsect. Cosmanthoides (A. Gray)
Walden & R. Patt.

Phaceha subsect. Dubiae (Small) Walden & R.

Patt.

Phacelia subsect. Ranunculacea Walden & R.

Patt.
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Phacelia sect. Eutoca (R. Br.) Benth. & Hook.f.

Phacelia subsect. Eutoca (R. Br.) Walden & R.

Patt.

Phacelia subsect. Lineares (Rydb.) Walden & R.

Patt.

Phacelia subsect. Sericeae (Rydb.) Walden & R.

Patt.

Phacelia sect. Glandulosae (Rydberg) Walden & R.

Patt.

Phacelia sect. Gvmnobytha (A. de Candolle) Benth.

& Hook.f.

Phacelia sect. Ramosissimae (Rydberg) Walden &
R. Patt.

Phacelia sect. Whitlavia (Harv.) Benth. & Hook.f.
Phacelia subsect. Whitlaviae (Harv.) G. W.

Gillett

Phacelia subsect. Campanulariae G. W. Gillett

Phacelia subg. Microgenetes (A. de Candolle) A.

Gray
Phacelia sect. Euglypta S. Watson
Phacelia sect. Miltitzia (A. de Candolle) J. T.

Howell
Phaceha. sect. Pachyphyllae Walden & R.

Patt.

Phacelia subg. Pulchellae (Rydb.) Walden & R.

Patt.
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Abstract

Dudleya crassifolia is described as new. It belongs to a complex of taxa within subgenus Hasseanthus
that have a white (occasionally pale yellow) corolla with a conspicuous, "musky-sweet" odor. It differs

from related species of this complex in having a thicker petiole, a leaf blade that is only slightly wider
than the petiole, and conspicuous dried leaf bases persisting on the caudex. This species is very rare,

currently known only from a single population of scattered individuals (total area of coverage less

than one hectare), on sandstone bluffs at Colonet Mesa of north coastal Baja California, Mexico.

Key Words: Baja California, Crassulaceae, Dudleya, Dudleya crassifolia, Hasseanthus, maritime
chaparral, Mexico.

The genus Dudleya Britton & Rose (1903),

consists of approximately 33 species and 54 taxa

(including infraspecies) of leaf-succulent perenni-

als, native to California, Oregon, Arizona,
Nevada, and Utah, USA, and to Baja Cahfornia,

Baja California Sur, and Sonora, Mexico (Wig-

gins 1980; Kartesz 2011; McCabe 2012). Species

of Dudleya differ from those of related genera,

such as Sedum, in having axillary inflorescences

(Moran 1942).

Dudleya subgenus Hasseanthus, as traditionally

treated (Moran 1950, 1951; Munz 1974; Bartel

1993; McCabe 2012) contains five species and six

taxa: D. blochmaniae (Eastw.) Moran subsp.

blochmaniae, D. blochmaniae (Eastw.) Moran
subsp. insularis (Moran) Moran, D. brevifolia

(Moran) Moran, D. multicaulis (Rose) Moran, D.

nesiotica (Moran) Moran, and D. variegata (S.

Watson) Moran. Species in subgenus Has-
seanthus are characterized by their drought-
deciduous leaf duration and hypogeous caudex,
and range from San Luis Obispo Co., California

to northern Baja California, Mexico. While
attempting to relocate Baja California popula-
tions of D. blochmaniae previously collected by
the late Dr. Reid Moran, the first author
discovered a distinct form of Dudleya at Colonet
Mesa of north, coastal Baja California. We
believe this form of Dudleya should be treated

as a new species using a taxonomic (morphologic)
species concept (Cronquist 1978, 1988), in which
species are circumscribed based on the disconti-

nuity of morphological features.

' Present address: RECON Environmental, Inc., 1927
5th Ave, San Diego, CA 92101.

Taxonomy

Dudleya crassifolia Dodero & M. G. Simpson,
sp. nov. (Figs. 1, 2).—Type: MEXICO, Baja

California, ca. 7 miles southwest of Colonet,

reddish sandstone bluffs on mesa, maritime
chaparral, associates: Adenostoma fascicula-

tum, Agave shawii, Artemisia californica, Cea-

nothus verrucosus, Cneoridium dumosum, Du-
dleya attenuata subsp. a., Dudleya cf. ingens.

Ephedra sp., Eriogonum fasciculatum, Ferocac-

tus viridescens, Helianthemum scoparium, Rhus
integrifolia, Salvia brandegeei, Stephanomeria

sp., clay sub-soil, with upper layer of sand and
surface iron concretions, 95 meters elevation,

31.00 N, 116.30°W, 3 June 1991, M. Dodero
s.n. (holotype: SD; isotypes: BCMEX, RSA,
UC).
Diagnosis: Dudleya crassifolia is similar to D.

blochmaniae subsp. blochmaniae, D. blochmaniae

subsp. insularis, D. brevifolia, and D. nesiotica,

but differs in having a thicker (2-3.3 mm) petiole,

a leaf blade width at maturity only slightly greater

than the petiole width (blade width:petiole width

ratio 1.2-1.4), and conspicuously persistent dried

leaf bases on the subterranean caudex.

Description: Plants single to branched at base

with up to 10 rosettes. Caudex cylindrical to

irregular 1.0-5.5 cm long, 2-20 mm thick, with

conspicuous, dried leaf bases persisting from
multiple, previous seasons. Leaves in a rosette,

3-21, oblanceolate in mature plants to globose in

juveniles, apex acuminate to acute to rounded
(especially in juvenile plants), often mucronulate,

6 35 mm long, 3-1 1 mm wide, 1.5-7.5 mm thick,

the petioles 0.9-12.4 mm long, 1.0 8.0 mm wide,

2-3.3 mm thick, the base truncate, 1-12 mm wide
(narrower petioles are found in juvenile plants),

leaves drought deciduous, bases persistent. Inflo-

rescence 6-17 cm tall, ascending to inclined, 1.5-
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Fig. 1. Habit shots, Colonet Mesa, Baja California, Mexico. A. Open, flat area of iron concretions, surrounded
by mixed maritime chaparral. B-D. Dudleya crassifolia. B-C. Plants prior to flowering, showing one or more
rosettes of thick, succulent leaves. D. Flower and buds of inflorescence. Note divergent, white corolla lobes.

3.5 mm thick at the base, bracts within 12 cm of

the base. Lower bracts 7-19, ovate to widely

ovate, acute, the lowermost 9-20 mm long, 6-

1 1 mm wide, 3-7 mm thick. Inflorescence axis

usually with 2-3 ascending branches that re-

branch 0-1 times, the ultimate cincinni 1-4 cm
long, each with 2-10 flowers. Pedicels ascending,

1-3.5 mm long. Flowers with a characteristic

musky odor. Calyx 3.5-6.5 mm wide, 3.5-6 mm
long, lobes narrowly triangular to ovate, apex
acute to acuminate, 2.5^ mm long, 1.5-2.5 mm
wide. Corolla 4-5 mm wide at the base, \4—\l mm
wide at apex, basally connate 1-2 mm, lobes

white, keel and base maroon, often suffused with

maroon throughout, elliptic, 8-12 mm long, 3-

4.5 mm wide, ascending to divergent, apex acute.

Stamen filaments 6-8 mm long, epipetalous,

adnate 12 mm; anthers 1 mm long, 0.8 mm
wide, red before dehiscence, yellow afterward.

Nectar glands light yellow, 1.2 mm wide.

Gynoecium 5-8 mm long, pistils erect to ascend-

ing at anthesis, ovaries five, 4 6 mm long, styles

1-2 mm long. Fruits not described. Chromosome
number: u = 34 (Dodero 1995).

Distribution and Habitat: Dudleya crassifolia

is endemic to the southern end of Colonet

Mesa, southwest of Colonet, Baja California,

Mexico (Fig. 3), in maritime chaparral, on
reddish sandstone bluffs with a subsoil of clay

covered with sand and iron concretions. Its total

area of occurrence is less than one hectare. (See

Discussion.)

Phenology: Dudleya crassifolia flowers from
late May to June.

Etymology: The specific eptithet, crassifolia, is

from the Latin crassus "thick" 'dnd folius ''leaf,"

in reference to the thick, succulent leaves.

Suggested common name: Thick Leaf Dudleya.

Paratypes: MEXICO, Baja California, ca. 7 mi
SW of Colonet, reddish sandstone bluffs on
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Fig. 2. Line drawings of Dudleya crassifolia from type population. A. Caudex, showing roots and apical rosette of

leaves at apex. Note remains of old leaf bases below rosette. B. Intlorescence. Note succulent bracts along primary
axis. C. Open flower. Note recurved corolla lobes, the upper half divergent.

i
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Fig. 3. Distribution map, from geo-referenced her-

barium collections, of the taxa of the '''hlochmaniae'"'

complex of Dudleyci, subgenus Hasseanthus. Note wide
distribution of D. bloclwumiae subsp. hlochmcmiae (gray

circles) and restricted distributions of D. blochmaniae

subsp. insularis (white circles), D. hrevifolia (white

squares), D. nesiotica (white triangles), and the single

known population of D. crassifolia (black star).

mesa, maritime chaparral, associates: Adenos-

toma fasciculatum, Agave shciwii var. shcnvii,

Artemisia californica, Ceanothus verrucosus,

Cneoridium dumosum, Dudleya attenuata subsp.

a., Dudleya cf. ingens. Ephedra sp., Eriogonum
fasciculatum, Ferocactus viridescens, Helianthe-

mum scoparium, Rhus integrifolia, Salvia brcmde-

geei, Stephcmomeria sp., clay sub-soil, with upper
layer of sand and surface iron concretions, 95 m
elev., 31.00°N, 116.30°W, 1 June 1992, M.
Dodero s.n. (SBBG, SDSU, MEXU, UCR);
towards the point of Punta Colonet, on the

mesa, small sandstone outcrop, in maritime
chaparral, associates: Adenostoma fasciculatum,

Gambelia juncea [Galvezia J.], Cneoridium dumo-
sum, Ceanothus verrucosus, Artemisia californica,

Ferocactus viridescens. Agave shcmii, Salvia bran-

degeei, and Antirrhinum nuttallianum, ca. 84 m
elev., 31.00°N, 116.3rW, 21 June 2008, Vander-

plank C-66 (RSA, SD).

Discussion

Morphological Distinctiveness

Dudleya crassifolia is a distinctive entity of the

genus that we feel warrants status as a separate

species. It is a member of a group of species within

subgenus Hasseanthus, this group also including

D. blochmaniae subsp. blochmaniae, D. blochma-
niae subsp. insularis, D. hrevifolia, and D.

nesiotica. These taxa, referred to here as the

^'blochmaniae complex,'' share a white (rarely pale

yellow in D. brevifolia and D. nesiotica) corolla

color and presence of a musky or "musky sweet"
(McCabe 2012) flower odor, a combination that

appears to be unique in the genus. All members of
subgenus Hasseanthus are similar in juvenile leaf

characteristics (Dodero 1995). In mature, adult

leaves Dudleya crassifolia overlaps with members
of the blochmaniae complex in blade width and
petiole width, but in D. crassifolia the leaf blade is

only slightly wider than the petiole (blade

width:petiole width ratio 1.2-1.4), while in the

other members of the complex the blade is two to

more than four times as wide as the petiole (blade

width:petiole width ratio 2.1-4.7) (Dodero 1995).

Dudleya crassifolia also differs from the other four

members of the blochmaniae complex in having
significantly thicker petioles (2-3.3 mm in D.

crassifolia; ranging 0.4—1.7 mm in the other four

taxa; Dodero 1995).

The other two members of subgenus Has-
seanthus, Dudleya multicaulis and D. variegata,

differ from D. crassifolia and the rest of the

blochmaniae complex in having consistently

yellow petals that lack the characteristic flower

odor. Dudleya crassifolia also differs from D.

multicaulis in its thicker, oblanceolate leaves with

a smaller blade length to width ratio (2-3); in

contrast, D. multicaulis has linear, more terete

leaves with a much greater blade length to width

ratio (6-11) (Dodero 1995). Dudleya crassifolia

differs from D. variegata in the former's greater

petiole width and leaf thickness and smaller leaf-

blade width to petiole width (1.2-1.4 in D.

crassifolia versus ratio 2.6-4.1 in D. variegata).

Finally, Dudleya crassifolia differs from all other

species of subgenus Hasseanthus in having
conspicuous, persistent dried leaves at the caudex
base. We have to date seen no evidence for

hybridization between D. crassifolia and other

Dudleya species.

According to a phylogenetic study using

allozyme data (Dodero 1995), Dudleya crassifolia

is most closely related to the D. blochmaniae

subsp. blochmaniae populations that are found
within a few miles of D. crassifolia (Fig. 3). These

D. blochmaniae populations occupy patches of

clay soils along with associates such as Chlor-

ogalum parviflorum and Deinandra spp. Interest-

ingly, the Dudleya blochmaniae populations in

this general area of Baja California are known to

be tetraploid {n = 34) or hexaploid (n = 51) (Uhl

and Moran 1953), the former identical to D.

crassifolia (n = 34; Dodero 1995). In contrast,

populations of D. blochmaniae in California are

all diploid (n = 17) (Uhl and Moran 1953).

Distribution, Evolution, Associates, and Geology

Dudleya crassifolia is found approximately

seven miles southwest of Colonet, Baja Cahfor-

nia. It is apparently restricted to a few small,

reddish sandstone bluffs of Colonet Mesa,
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defined as the area "south of the road to San
Antonio del Mar'' (Harper et al. 2011). This

population consists of scattered individuals occu-

pying an area estimated at less than one hectare.

The bluffs where this species is found are covered

with iron concretions. Just east of the sandy bluff

is a partially stabilized dune formation with

typical dune scrub (Holland and Keil 1995).

An approximate distribution map of the taxa

of the blocJimaniae complex, assembled from geo-

referenced data (BajaFlora 2012; CCH 2012;

SEINet 2012) is seen in Fig. 3. Dudleya blochma-

niae subsp. blochmcmiae has a wide distribution,

from coastal San Luis Obispo Co., California to

coastal northern Baja California. The other taxa

of Dudleya in this complex have a narrow
distribution, D. blochmaniae subsp. insularis

restricted to Santa Rosa Island (Santa Barbara
Co.), D. brevifolia restricted to southwestern San
Diego Co., D. nesiotica restricted to Santa Cruz
Island (Santa Barbara Co,), and D. crassifoUa

restricted to Colonet Mesa of coastal northern

Baja California (Fig. 3). A working hypothesis is

that D. blochmaniae subsp. b. may represent a

widespread, possibly paraphyletic species (after

Olmstead 1995), from which the other taxa of the

blochmaniae complex have diverged from isolated

populations. This notion remains to be tested

with molecular phylogenetic studies.

Plant associates growing in the immediate vicinity

of D. crassifoUa include Adenostoma fasciculatum
Hook & Arn., Agave shawii Engelm., Artemisia

californica Less., Ceanothus verrucosus Nutt.,

Cneoridium dumosum (Torr. & A. Gray) Baill.,

Dudleya attenuata (S. Watson) Moran subsp.

attenuata, Dudleya cf. ingens. Ephedra sp., Erio-

gonum fasciculatum Benth., Ferocactus viridescens

(Torr. & A. Gray) Britton & Rose, Helianthemum
scoparium Nutt., Rhus integrifolia (Nutt.) W.H.
Brewer & S. Watson, Salvia brandegeei Munz,
and Stephanomeria sp. This community is best

categorized as maritime chaparral, with surround-
ing areas supporting Martirian succulent scrub, a

more xerophytic vegetation type (Westman 1983).

Dudleya crassifoUa occurs in openings of this

maritime chaparral.

The associated plant species and red sandstone
bluffs are apparently part of an ancient beach
ridge formation similar to the sandstone bluffs

found near Del Mar, San Diego Co., California,

where D. brevifolia is found. Dudleya brevifolia

occurs on bluff tops of the Linda Vista Forma-
tion, which were formed as the sea receded during
the Pleistocene. The surface of these bluffs is

covered with small iron concretions similar to the

one at Colonet Mesa.

Herbivory, Pollination, and Seed Dispersal

[
Observations indicate that herbivory, presum-

ably by rabbits (rabbit scat is frequently seen on

i

the blufO and small rodents, appears to be
significant. In November 1992, before any rain

had fallen and conditions were very dry, many
dormant plants had been excavated by animals
and eaten. The leaves of actively growing plants

were eaten by animals during the winter growing
season. In cultivation, plants in which the top of

the tuberous caudices were exposed above the soil

surface, and which appeared to be dead, are

capable of re-sprouting from beneath the soil

surface, often forming multiple rosettes.

Potential pollinators were observed and
captured. Two species of wasp, Stenolia dupU-

cata and Bembix occidentalis, both members of
the sand wasp group (family Crabronidae,
subfamily Bembicinae), were seen visiting flow-

ers. Typically these wasps feed on flies, but they

will supplement their diet with pollen (Borror

and White 1970; Borror et al. 1989). Another
potential pollinator, the soft-winged flower bee-

tle, Dasytes sp. (family Melyridae, subfamily

Dasytinae) lives in the flowers. These beetles are

usually found at the base of the carpels near the

nectar glands.

Seed dispersal appears to be accomplished
mostly by wind and water movement. Seeds

sprinkled on the soil surface during a 15-20 knot
wind were observed to move along with grains of

sand. If moisture and temperature conditions are

optimal, germination of D. crassifoUa seeds is

rapid, often occurring in less than 72 hours.

Recruitment of seedlings appears to be highest in

areas of moderate soil deposition and underneath
shrubs where seeds are transported by the wind
(Dodero, personal observations).

Conservation

The Colonet region is estimated to have the

highest plant diversity in Baja California (Harper
et al. 2011). The region has 435 documented
vascular plant taxa, of which 383 are native to

Baja California, and 52 are endemic or nearly

endemic to the state or peninsula (Harper et al.

2011). Eighteen of these taxa are listed by the

California Native Plant Society as IB, ''rare,

threatened, or endangered in California and
elsewhere'' (CNPS 2012). Three of these taxa

are on the Mexican NOM 059 list of protected

taxa; five of these taxa are narrow endemics,

known only from the Colonet region (Harper
et al. 2011).

Of the five taxa that are local endemics to the

Colonet region, Dudleya crassifoUa is perhaps the

rarest and most geographically restricted, being

found at a single locality on sandstone bluffs at

Colonet Mesa. Its rarity and limited distribution

warrant focused protective measures. Unfortu-

nately, Colonet Mesa and the surrounding region

is threatened by a pending proposal from the

Mexican government to construct a seaport

i
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(which would be accompanied by massive infra- seriously impact this unique and diverse region

structure and a large, projected growth in human without major conservation efforts to protect

population) just below the southern tip of the sensitive habitat (Clark et al. 2008; Harper et al.

mesa at Punta Colonet. This project could 2011). ,

Taxonomic Key
A revised key to species of subgenus Hassecmthus, modifed from McCabe (2012), is presented below.

1. St gen below surface, not elongate, gen simple, unbranched; leaves deciduous, vernal, generally petioled

(barely in D. crassifolia) (subg. Hasseauthus)

2. Flower odor absent; corolla consistently yellow

3. Leaves 4-15 cm long, linear, ± narrowed above base, tip sharply acute; petals basally connate
12 mm D. multicaulis

3' Leaves 1-7 cm long, oblanceolate to spoon-shaped, strongly narrowed above base (to gen 0.5-

3 mm wide), tip acute to obtuse; petals basally connate 0.5-1 mm D. variegata
2' Flower odor musky-sweet; corolla white to white-maroon (rarely pale yellow in D. brevifolia and D. nesiotica)

4. Leaf blade only slightly wider than petiole (ratio 1.2-1.4), petioles 2-3.3 mm thick; caudex with

conspicuous, dried leaf bases persisting from multiple, previous seasons D. crassifolia

4' Leaf blade two to more than four times as wide as the petiole (ratio 2.1^.7), petiole 0.4-1.7 mm
thick; caudex lacking conspicuous, dried leaf bases from previous seasons

5. Petals ascending, 7-14 mm, 3.5-5.5 mm wide, fused 1-2 mm; fr ascending; If base 3-12 mm
wide D. nesiotica

5' Petals spreading, 5-10 mm, 2-4 mm wide, fused gen <1 mm; fr spreading; If base \-4 mm wide
6. Lower bracts <1.5X longer than wide; Ivs 7-15 mm, ± spheric to spoon-shaped; petiole

narrow D. brevifolia

6' Lower bracts >2x longer than wide; Ivs 10- 60 mm, ± oblanceolate to club-shaped;

petiole ± narrow D. blochmaniae

7. Lvs gen <12, not to ± glaucous subsp. blochmaniae
1' Lvs gen >15, glaucous or ± so subsp. insularis

1
' St gen above surface, often elongate, often branched; lvs gen evergreen, ± not petioled (remaining Dudleya

species)
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NOTEWORTHY COLLECTION

California

Chimaphila menziesii (R. Br. ex D. Don) Sprengel

(ERICACEAE). —Humboldt Co., Lanphere Dunes
Unit, Humboldt Bay National Wildlife Refuge, 5 m,
Tyee City quadrangle Section 23, SENW, lOS 0403652
E., 4526990 N., one population of 50 plants was found
growing in a 3 X 3 m area in a coniferous dune forest, in

unvegetated duff under Morella californica with Pinus

contorta subsp. contorta, Picea sitchensis, Goodyera
oh/ongi/b/ia, Vaccinium ovatum, Frangula purshiana, and
the terricolous moss Kindbergia oregana. Plants were
less than 10 cm. tall, 21 February 20 11, Adam N. Canter

003 (HSC).
One coastal population previously noted (03 June

1979, Seacat and Seymour 193 (HSC)) was relocated;

Mendocino Co. quadrangle Section 28 SWSE, lOS

0434180 4350344, 5 m, approximately 1.5 mile upriver,

south side, in a mixed conifer forest, Pseudotsuga

menziesii dominant stand with adjacent Tsuga hetero-

p/iylla, Abies grandis, and Sequoia sempervirens. Under-
story consisted of Lithocarpus densi/lorus. Rhododendron
macrophyllum, Vaccinium parvifolium, and Polystichum

munitum. Herbaceous layer included Oxalis oregana^

Disporum smithii, Goodyera oblongifolia, Vancouveria

spp., Berberis aquifolium, Hierochloe occidentalis, and
Kindbergia oregana. Population +/— 50 individuals,

10 X 10 m area, 27 November 2011, Adam N. Canter,

Ana L. R. Canter 001 (HSC).
A population of 18 individuals was found approxi-

mately 1 km south of the initial detection discussed

above, (Adam N. Canter 003); Section 23 SESW, lOS

0403713 E., 4526777 N., in a more Picea sitchensis

dominated patch, within the same plant community, 21

February 201 1. No physical collection was made due to

the conservation concerns of this small population.

A third population of 7 individuals was detected further

south at the Ma-le'l Dunes Unit, under dense Vaccinium
ovatum with Chimaphila umbellata and Listera cordata

as community associates in addition to those at the other

sites. Section 26 NESW, lOS 0403474 E., 4526046 N., 01

December 201 1, Adam N. Canter 002 (HSC).

Previous knowledge. Chimaphila menziesii is treated

by Wallace and Haber (2012) as uncommon, occurring

in montane conifer forest, 1000-2500 m, and flowering

June-August. The lower elevational range is closer to

400-500 m, according to the most recent list of records

for this species in California provided by the California

Consortium of Herbaria (2012). Coastal populations

have been noted in Haida Gwaii (Queen Charlotte

Islands), British Columbia, first detected in 1999 (Smith

and Buttler 1999; Jan Oord, Laskeek Bay Conservation

Society, personal communication) and one isolated

population on the Big River Estuary, Mendocino Co.

California (03 June 1979, Seacat and Seymour 193

(HSC)).

Significance. This is the second report of Chimaphila

menziesii in the hypermaritime coastal zone, south of

British Columbia, and the second documented detec-

tion in the North Coast subregion of Northwestern

California. Plants were not observed flowering until

October, and continued to flower through December
2011.

—Adam N. Canter, U.S. Fish and Wildlife Service,

Humboldt Bay National Wildlife Refuge, 6800

Lanphere Rd., Areata, CA 95521. acanter(^vt.edu.
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NOTEWORTHY COLLECTION

California

Carex nardina Fries (CYPERACEAE).—Siskiyou

Co., Klamath National Forest, Marble Mountain
Wilderness, slopes of Black Marble Mountain,
41.57836 , -123.20355 (NAD 83), 2110 m/6905 ft.,

13 August 2011, York 3059 (HSC, OSU). A rare,

clumped perennial with a single spikelet growing on
limestone shelves on a large, north-facing outcrop with

Achillea niiUefolium, Angelica arguta. Arnica sp..

Campanula rotimdifolia, Cystopteris fragilis, Oxyria

digyna, Polysticlumi lonchitis, and Saxifragiopsis fragar-

ioides.

Siskiyou Co., Klamath National Forest, Marble
Mountain Wilderness, slopes of Kings Castle, approx.

5 km north of other known population ( York 3059)

for CA., 41.61475 \ -123.22112 (NAD 83), 2175

m/7150 ft., 8 September 201 1, York 3087 (HSC, JEPS,

OSU). A rare, clumped perennial with a single spikelet

growing on limestone shelves on a large, northeast-

facing outcrop with Achillea niillefoliimi, Angelica

arguta. Arnica mollis. Campanula rotundifolia, Cystop-

teris fragilis, Pellaea breweri, Polemonium pulcherri-

mum, and Polystichum lonchitis.

Previous knowledge. Carex nardina is a circumpolar

species occurring throughout the northern portion of

North America into Eurasia. According to Murray
(2002), there has been much written about the variation

in C nardina with little resolution. Some authors have
considered some or all the North American material to

be C. n. subsp. hephurnii (Boott) A. Love, D. Love & B.

M. Kapoor or C hephurnii Boott, but no clear

geographic limits occur. Wilson et al. (2008) recognize

C. }uirdina as occurring mostly in the northeastern

portion of Oregon. The single known southern Oregon
population, representing York 2881 (OSU) from Mount
Thielsen, 8 August 2005, is the closest known occur-

rence to the Marble Mountain Wilderness collection. It

is nearly 190 air-kilometers away. There are no known
populations of C. narditui in the bordering states of

Nevada and Arizona.

Significance. This is the first documented collection

from California.

—Dana A. York, Senior Environmental Planner,

California Department of Transportation, 1656 Union
Street, Eureka, CA 95501. Dana_York@dot.ca.gov.
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NOTEWORTHY COLLECTIONS

California

Najas minor Allioni (HYDROCHARITACEAE).—
Alameda Co., Lake Del Valle Park, southeast end of

Lake Del Valle, along east side of peninsula extending

northward from southeast side of West Swim Beach
swimming area, 37 34'47.7"N, 121 41'48.5"W, drifting

fragments fairly common along the margins of the lake

in shallow water, flowers and some fruits present, 23

July 2011, Donald H. Les 1029 [with Hamid Razifard]

(CONIV). This California material was collected under
the East Bay Regional Parks permit #596 held by the

University and Jepson Herbaria, University of Califor-

nia, Berkeley. Alameda Co., San Francisco Bay Area
Pond in Del Valle Park, 7000 Del Valle Rd, Livermore,

07 August 2003, K. Simmons PDR 1283308 (CDA)
[misidentified as Najas marina L]. Alameda Co., San
Francisco Bay Area Pond in Del Valle Park, 7000 Del
Valle Rd, Livermore, 07 August 2003, K. Simmons PDR
1283309 (CDA) [misidentified as Najas marina L].

Previous knowledge. Najas minor was unknown in

California prior to our collection and a search of the

University of CaHfornia-Berkeley herbarium failed to

disclose any material. However, a survey of herbarium
material from CDA disclosed three specimens identified

as Najas marina, which were collected from the same
locality (Lake Del Valle, CA) in 2001 and 2003. We
confirmed the identity of the specimen collected in 2001

{J. R. Willson PDR P199008-C, [CDA]) as Najas
marina\ however, the two specimens collected in 2003
were misidentified and actually represent specimens of
Najas minor. Consequently, the 2003 records provide

the earliest verification of this nonindigenous species in

the state of California. The closest known locality of A^.

minor occurs in Texas, approximately 2400 km south-

eastward of the California occurrence (see Texas
Noteworthy Collection). An early paper dealing with

dermatitis in California rice field workers suggested that

the malady might be caused by contact with the leaf

"thorns" of the water plant Najas minor (Alderson and
Rawlins 1925). However, the authors clarified that

Najas minor did not occur in California, and that this

ailment had been reported in the European literature.

Certainly it is highly unlikely that this species would
have been known from California a decade before the

first verified occurrence in North America (Wentz and
Stuckey 1971) and preceding by 78 years the first

known voucher specimen from the state. However,
Najas species (e.g., TV. graminea) are known to occur as

rice field weeds in both Austraha and California as a

result of contaminated planting stocks (Mclntyre and
Barrett 1985) and it is intriguing to think that the plants

could have escaped detection for so long in such a

thoroughly botanized region.

Significance. Najas minor is a nonindigenous, invasive

aquatic plant introduced to North America from
Eurasia at some point before 1932 (Wentz and Stuckey
1971). Because of its nuisance status and expanding
distribution, this record raises concern for the possible

proliferation of new sites for this weedy plant in the

western United States, where it fortunately has not yet

established. The source of introduction for A^. minor in

California is unknown. However, because this species is

known to spread from rice fields, it should be searched

for thoroughly not only in the Sacramento Valley, but
also throughout other rice-growing portions of the

state.

—Donald Les, Department of Ecology & Evolu-
tionary Biology, University of Connecticut, 75 North
Eagleville Road, Storrs, CT 06269-3043; Nicholas
TipperY, Department of Biological Sciences, University

of Wisconsin-Whitewater, Whitewater, WI 53190-1790;

Hamid Razifard, Department of Ecology & Evolu-
tionary Biology, University of Connecticut, 75 North
Eagleville Road, Storrs, CT 06269-3043. les@uconn.edu.
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Texas

Najas minor Allioni (HYDROCHARITACEAE).—
Bastrop Co., Lake Bastrop Park, boat launch site at the

northwest end of the lake, 30^09' 55.3"N, 097 16'49.0"W,

abundant along the pier in 1-2 m of water, with Najas

guadalupensis and Hydrilla verticil/ata, 11 July 2010,

Donald H. Les 843 and Nicholas P. Tippery 320
{CONN).

Previous knowledge. This material represents the first

verified record of N. minor in Texas. The Texas Parks

and Wildlife Department (TPWD 2012) lists only

"marine naiad" and "southern naiad" among the

aquatic vegetation of Lake Bastrop. We confirmed the

existence of southern naiad (TV. guadalupensis) at

the site; however, we found no evidence of marine
naiad {Najas marina) and suspect that N. minor had
been misidentified as the latter because of their similarly

toothed leaves. The strongly toothed leaves of N.

marina differ from all other North American species

except A^. nn'nor, and this character often is used as a

distinguishing trait for the former in keys written for

areas where TV. minor is not known to occur. Because of

its proximity in Louisiana and Oklahoma, Diggs et al.

(2006; p. 676) concluded that Najas minor "... would
thus not be unexpected in East TX." Our collection

substantiates that prediction.

Significance. This record confirms the continued

westward spread of this invasive aquatic plant in North
America and provides the first verified floristic record

for the species in the state of Texas. This locality also

represents the most westward extension of TV. minor in

North America with the exception of the highly disjunct

material from California, which is described above. A
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re-examination of ''Najas marina'' specimens from
Texas is suggested, given that it is likely to disclose

additional, earlier records of A^. minor from the state.

—Donald Les, Department of Ecology & Evolu-

tionary Biology, University of Connecticut, 75 North
Eagleville Road, Storrs, CT 06269-3043; Nicholas
TiPPERY, Department of Biological Sciences, University

of Wisconsin-Whitewater, Whitewater, WI 53190-1790;

Hamid Razifard, Department of Ecology & Evolu-

tionary Biology, University of Connecticut, 75 North
Eagleville Road, Storrs, CT 06269-3043. les@uconn.edu.
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PRESIDENT'S REPORT FOR VOLUME 59

Dear CBS member.
This year, 2012, has been a transitional year for the

Society. We passed our 99th birthday as a Society on April

13, 2012. To celebrate our Centennial in April 2013, we are

organizing a symposium in Berkeley, California, with

invited speakers and a special banquet, in conjunction with

the 23rd graduate student meetings. We have also planned,

and have conducted, a series of field trips in honor of the

100th birthday. Please see www.calbotsoc.org for all the

information on the Centennial.

This year we signed an agreement with JSTOR (an online

archiving system) to place all of our Madrono back issues

online. Current issues are already online through BioOne.2.

We are moving toward having the current online issues

easily available to members, so look forward to that. One of

the journafs editors. Richard Whitkus, has announced that

he is stepping down after several critical years. We all are

thankful to have had Rich during the time the journal

converted to an online manuscript submission and tracking

process and rapidly caught back up on schedule.

For 2012, we did not hold a separate banquet meeting, but

instead sponsored the banquet speaker for the California

Native Plant Society's January Conservation Conference in

San Diego. Peter Raven, Director Emeritus of the Missouri

Botanical Garden, was our invited speaker, and he gave a

wonderful talk reflecting on the history of Western North
American botany and what the future may hold.

The Council has worked particularly hard for you this

year and I would especially like to thank Andrew Doran,

Dean Kelch, Kim Kersh, Staci Markos, Anna Larsen,

Matt Ritter, Tom Schweich, Ellen Simms, Michael Vasey,

and Rich Whitkus. All of our Council members have been

critically important this year. We also welcome Genevieve

Walden from UC Berkeley as the new graduate student

representative; Genevieve will be organizing the 2013

graduate student meetings.

Reaching 100 years as a Society has moved the Council

into a reconsideration of the role of the California

Botanical Society. The founding goals of supporting

botanical research and communicating that broadly have

been largely achieved, but California and western North
America are no longer characterized by low populations

and difficult travel. Journeying across our mountain ranges

may take some time, but we no longer consider them
expeditions. Electronic communication has rapidly

changed the way scientists communicate and we are

transitioning as fast as we can afford. Because our

membership base is the foundation of the Society, we
would like to hear from you about what roles you see for

the Society in the future. Please contact any of the Council

members and let us hear from you. Of course, increasing

our membership is always a priority, so please continue to

encourage your colleagues to join us and to publish in

Madrono. This is especially true of our younger colleagues.

Moving online should make us more attractive to the

younger cohorts of botanists more accustomed to this

format.

Lastly, I regret to note the passing of Dr. John O.

Sawyer (1939-2012) for whom our 2008 volume of

Madrono was dedicated. John was a stellar plant ecologist

who joined the faculty at Humboldt State University in

1966 and remained there until he retired. He mentored

many graduate students who are now professional

botanists, was a president of the CNPS and founder of

its North Coast Chapter, and was instrumental in

preparing two editions of the Manual of California

Vegetation. His humor, deep passion for and knowledge

of the vegetation of northwestern California will be sorely

missed.

V. Thomas Parker

December 2012
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EDITORS' REPORT FOR VOLUME 59

We are pleased to report the publication of Volume 59

of Madrofio by the California Botanical Society (CBS) in

2012. This year we were successful in bringing the

publication of Madrofio back on schedule and we
appreciate the efforts of our reviewers and contributors

in this effort. The average turn-around time between initial

submission and publication has been reduced to less than

eight months and we hope that Madrono continues to be

viewed as the best outlet for western botanists to publish

their work in a timely fashion, and reach an interested and

relevant audience. The Madrono page on the CBS web site

has instructions for online submission of new manuscripts,

digital versions of recent issues through BioOne, and the

eighty-year index.

The efforts of numerous individuals are critical to the

continued quahty and timeliness of the journal. Among
these, our Noteworthy Collections editor. Dieter Wilken;

Steve Timbrook who has long provided the volume Index

and Table of Contents; Annielaurie Seifert at Allen Press;

and the enthusiastic support of the CBS executive council.

Finally, we are extremely grateful to our contributors for

their interesting and insightful manuscripts, and our

reviewers who take time from their busy schedules to

assess the quality of submitted work.

This year we received 31 new manuscripts and 26 were

accepted for publication. Several manuscripts were also

carried over from the previous year. The 59th volume
includes 1 1 Articles (including Notes), six New Species,

four Noteworthy Collections, two Book Reviews, and two
Points of View. We are also excited to present in this

volume the special issue Flora of the Carquinez Strait

Region, Contra Costa and Solano Counties, California by
Dean G. Kelch and Andrew Murdock. This beautifully

done flora will be useful for western botanists in the San

Francisco Bay Area and beyond. We appreciate the

submission of a variety of different manuscripts across

the spectrum of botanical sciences and anticipate continued

submissions of novel and exciting work. We also hope to

see the Points of View become a regular feature presenting

insightful discussion of issues pertinent to botanists,

managers, and policy makers.

The coming year will be a once in a century event as the

CBS celebrates our centennial year. The CBS is hosting the

Centennial Symposium ''Botanical Frontiers: Past and

Future'', at the University of California, Berkeley in April

2013. Please visit the CBS website (calbotsoc.org) for

details about upcoming centennial celebration events

including field trips to Mount Tamalpais and Mount
Diablo, a symposium, banquet, and graduate student

meeting. We are hoping that issues 3 and 4 of the

upcoming volume will feature papers generated from
presentation given at the Centennial Symposium.

We also look forward to the second issue of the 60th

volume—a special issue on tanoak (Notholithocarpus

densiflonis). This issue will feature papers by a community
of researchers studying the distribution, genetics, utihzation

and natural history of tanoak. The issue will be a synthesis

of work presented during a session at the 5th Sudden Oak
Death Science Symposium in June 2012 called "What are

we trying to save? Tanoak history, values and ecology".

As Editors, we have enjoyed our interactions with

contributors and reviewers this past year, and we look

forward to an exciting, productive, and momentous
centennial year for western botany.

Matt Ritter

Richard Whitkus
December 2012
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INDEX TO VOLUME 59

Classified entries: major subjects, key words, and results; botanical names (new names are in boldface); geographical

areas; reviews, commentaries. Incidental references to taxa (including most lists and tables) are not indexed separately.

Species appearing in Noteworthy Collections are indexed under name, family, and state or country. Authors and titles

are listed alphabetically by author in the Table of Contents to the volume.

Alpine plants (see Yellowstone Nat. Park)

Annual plants, effects of recurrent fire, 14.

Boraginaceae (see Eriodictyon and Phacelia)

Botanical code changes, implications for western No.
Am. botany, 169.

Bryaceae (see Ptychostomum)

California: Carex albida and C. lemmonii, relationship,

171; effects of recurrent fire on annual plants of

Colorado Desert, 14; Eriogonum evanidum, rediscovery,

150; flora of Carquinez Strait, 47; Grassland vegeta-

tion, response to removal of sheep on Santa Cruz Id.,

190; Vaccinium parvifolium, genetic structure, 196;

Viola pedimculata, genetic structure and outcrossing

rates, 181.

New taxa: Calystegia binghamiae, 25; Eriodictyon

traskiae var. smithii and E. t. var. traskiae, 28;

Ptychostomum paciflcum, 156; Rhododendron occi-

dentale var. californicum, 140.

Noteworthy collection: Carex nardina, 231; Chimaphila

menziesii, 230; Najas minor, 232; Trifoloiwn tricho-

calyx, 167.

Calystegia: C. sepium subsp. binghamiae, rediscovery and
status, 25.

New taxon: C. binghamiae, 25.

Carex albida and C. lemmonii, relationship, 171; C.

nardina, noteworthy collection from CA, 231.

Carquinez Strait, CA, flora, 47.

Ceanothus cuneatus var. cimeatus and C. roderickii on
gabbro soils, 1.

Chapparal, postflre regeneration, 109.

Chasmogamy (see Viola)

Chimaphila menziesii, noteworthy collection from CA,
230.

Chromosome counts (see Mimulus)

Cleistogamy (see Viola)

Convolvulaceae (see Calystegia)

Crassulaceae (see Dudleya)

Cyperaceae (see Carex)

Dudleya crassifolia, new sp. from No. Baja Calif,

MEXICO, 223.

Editors' Report for Vol. 59, 235.

Ericaceae: Rhododendron: R. occidentale, morphological
and isoenzyme variation, 128; Vaccinium parvifolium,

genetic structure, 196.

Noteworthy collection of Chimaphila menziesii from
CA, 230.

Eriodictyon traskiae var. smithii and E. t. var, traskiae,

new taxa, 28.

Eriogonum evanidum, rediscovery, 150.

Fabaceae (see Trifolium)

Feral sheep (see Grassland vegetation)

Fire: Postfire chaparral regeneration under mediterra-

nean and non-mediterranean climates, 109; recurrent

fire, effects on annual plants of Colorado Desert, CA,
14.

Floras: Carquinez Strait region. Contra Costa and
Solano COS., CA, 47; alpine Mt. Washburn, Yellow-

stone Nat. Park, WY, 2.

Gabbro soils, 1.

Grassland vegetation, response to removal of sheep on
Santa Cruz Id., CA, 190.

Hydrocharitaceae (see Najas)

Hydrophyllaceae (see Eriodictyon and Phacelia)

Keys: CA members of Carex sect. Aulocystis, 177;

Dudleya subg. Hasseanthus, 228; Phacelia subdivisions,

218; Rhododendron occidentale varieties, 140.

Linanthus pungens subsp. hazeUae, new comb, from ID
and OR, 163.

Meadows, montane: Spatial autocorrelation of vege-

tation in Sierra Nevada, CA and western NV,
143.

MEXICO (see Dudleya)

Mimulus: M. sookensis, new allotetraploid sp. derived

from M. guttatus and M. nasutus, 29.

Noteworthy collection: M. clivicola from MT,
166.

Najas minor, noteworthy collections from CA and TX,
232.

Phacelia: Nomenclatural subdivisions including new
combinations and statuses, 211.

Phrymaceae (see Mimulus)

Polemoniaceae, (see Linanthus)

Polygonaceae (see Eriogonum)

Polyploidy (see Mimulus)

President's Report for Vol. 59, 234.

Ptychostomum pacificum, new fen sp., 156.

Reviews: Northwest California: A Natural History by
John O. Sawyer, 44; Research & Discovery in Vernal

Pool Landscapes by D.G. Alexander and R. A.

Schlising, 164.

Rhamnaceae (see Ceanothus)

Rhododendron: R. occidentale, morphological and isoen-

zyme variation, 128.

New taxon: R. occidentale var. californicum, 140.

Santa Cruz Id, CA (see Grassland vegetation)

Sierra Nevada, CA and western NV (see Meadows,
montane)

Spatial autocorrelation (see Meadows, montane)
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Texas (see Najas)

Trifoloium thchocalyx, noteworthy collection from CA,
167.

Vaccinium parvifolium, genetic structure, 196.

Viola pedimculata, genetic structure and outcrossing rates,

181.

Violaceae (see Viola)

Wilken, Dieter H., dedication of Vol. 59 to, 239

Wyoming (see Yellowstone Nat. Park)

Yellowstone Nat. Park, Mt. Washburn vascular alpine

flora, 2.
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DEDICATION

DIETER H. WILKEN

The California Botanical Society dedicates Volume 59

to Dr. Dieter H. Wilken, Director of Conservation at the

Santa Barbara Botanic Garden. Born in 1944, Dieter

grew up in Los Angeles. He attended California State

University, Los Angeles, where he received his Bachelor's

degree in 1967. He then moved to a Ph.D. program at the

University of California, Santa Barbara, where he

worked under the direction of Dale Smith. Dieter earned

his Ph.D. in 1971, and his dissertation was entitled A
biosystematic study of the genus Hulsea ( Asteraceae:

Heleuieae)

.

Dieter's first faculty position was at Occidental College

in Eagle Rock, California, which he held for two years

before accepting a professorship at Colorado State

University in 1973, a position that he held for twenty

years. During his Colorado years Dieter became known
as an expert on the flora of the Rocky Mountains. It was
also during this time that he married fellow botanist Beth

Painter.

Then, in 1991, Dieter was recruited to take over the

management of The Jepsou Manual Project. Dieter

moved to UC Berkeley, where his combination of

botanical acumen, ability to secure funding, and his

ability to deal with the varied personalities of the authors

shined. He also authored numerous treatments in the

Manual (by my count he was the author or coordinator

for ten families, plus author or co-author for another 46

genera), and he remains on the editorial board of The

Jepson Manual Project today. After the first edition of

The Jepson Manual was published in 1993, Dieter moved
to his current home at the Santa Barbara Botanic

Garden (SBBG) where he is Director of Conservation.

Although Dieter studied the Asteraceae during his

graduate years, he soon became interested in Polem-
oniaceae, no doubt influenced by his major professor. He
eventually published on Iponiopsis, Collomia, Allophyl-

lunu and Polemoniwn. Today his Polemoniologist
brethren (and sistren) consider him the reigning dean of

the family. However, Dieter's interests are not limited to

Polemoniaceae. As just one example, he co-authored

with Dave Fross the 2006 book Ceanothus, a monograph
of the genus.

Dieter's research record (he published his first paper in

1967) has not only spanned an array of taxa, but has

included floristics, taxonomic revisions, descriptions of

new taxa, cytotaxonomy, palynology, chemosystematics,

reproductive biology, and detailed monographic studies.

In his role as Director of Conservation, he has also

contributed valuable technical reports to various agen-

cies. He is by all accounts a taxonomist's taxonomist.

Today Dieter's professional responsibilities include

managing the SBBG conservation program, including

acquisition and curation of ex situ plant materials; acting

as liaison to various agencies; research on rare-plant

biology; assisting the horticulture program on issues

related to listed species; and managing the conservation

collection and herbarium database. Dieter's colleague at

SBBG, Dr. Robert Muller, commented on Dieter's other

important role at the Garden in "interpreting the

complexities of botanical science for the interested

layperson. He is a regular contributor to docent training

and plays a critical role in providing background
information to the education and horticulture programs.

Of course, anyone who knows him can imagine the

enthusiasm that he brings to it."

I first met Dieter when I was a young botany under-

grad at UCSB and he was a (slightly older) graduate

teaching assistant in Bob Haller's California Flora

course. This energetic botanist, who commonly wore
shorts that we dubbed ''Dieterhosen," seemed to know
the name of every plant, and it soon became clear that

the students in Dieter's lab sections had a leg up on the

other students in the course. Several years later, when I

became Dieter's fellow lab mate in graduate school, the

lab members would often go on weekend collecting trips.

Too often, the rest of us rarely keyed anything; we simply

went through our pressed material, and Dieter would tell

us the names of every species (another lab member had
christened him the "Walk-a-Munz"). Dieter himself was
not so lazy; he learned the plants by keying everything he

saw.

Anyone who has met Dieter knows that he is a most
affable fellow, and given to tell stories in his own inimit-

able style. (He does a great impression of the emi-

nent botanist Ledyard Stebbins describing chromosome
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behavior during meiosis.) In grad school we would delight

as Dieter would tell us a joke or describe a movie he just

saw. These stories are often punctuated with what have

been called "Dieterisms," similar in style to quotes made
famous by Yogi Berra and Sam Goldwyn. A dedication

such as this would not be complete without a few.

Once in a seminar Dieter told us that "the snow persists

until it mehs." Hmm ... How about, "this happens 99

times out of ten." Or, "I just noticed something that I've

always known." But the most famous Dieterism comes
from a letter to me in 1983, whereupon having found some
new species in the Rockies, he wrote 'T am continually

amazed at the things that have yet to be discovered."

The following year the American Association of Plant

Taxonomists meeting was held at Colorado State

University, and Dieter was our local host. When he

was formally thanked at the annual dinner, Dave Seigler

presented Dieter with a poster of the "continually

amazed" quote printed on parchment. After the laughter

and hooting subsided, Seigler announced that if anyone
was interested in getting a copy, he had a few extras (he

pulled out a large stack) that he'd sell for 25 cents each.

The crowd rushed to the podium to buy the posters.

Then Art Cronquist asked Dieter to sign his copy. Dieter

obliged, and a line instantly formed, with a large

contingent of the American Society of Plant Taxono-
mists waiting for Dr. Wilken's signature. I still have my
copy in my office.

In this year when the second edition of the Jepson

Manual has been published, it is fitting that we recognize

Dieter's contribution as the principal editor of the first

edition. Through his guidance and characteristic dili-

gence, that volume was produced nearly 20 years ago and
has served several generations of California botanists. So
here's to you, Dieter, for all of your contributions to the

study of the California Flora, and for your valued

collegiality to the botanical community.

Bob Patterson

Professor of Biology

San Francisco State University

San Francisco, CA
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