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Abstract

Frey D., Baltisberger M. and Edwards P.J. 2003. Cytology of Erigeron annuus s.1. and its
consequences in Europe. Bot. Helv. 113/1: 1-14.

There is considerable confusion in the literature about the taxonomic status of
Erigeron annuus and E. strigosus (section Phalacroloma, Asteraceae). Both species are
natives of North America, and it is claimed that both have been introduced into other
temperate regions. While this is certainly true for E. annuus and for the variety E.
strigosus var. septentrionalis, it may not be the case for the typical variety, E. strigosus
var. strigosus. In this paper we propose that var. septentrionalis is not a variety of E.
strigosus but should be included in E. annuus. Our conclusion is based on morphology
as well as on cytology and on a review of the literature on the mating systems of the
two species. E. annuus (including “septentrionalis) is triploid and agamospermous,
whereas E. strigosus is sexual and mostly diploid. E. annuus (including “septentrion-
alis”) is widespread in Europe, but there is no proof that E. strigosus occurs in Europe.

Key words: Cytology, Erigeron annuus, E. “septentrionalis”, E. strigosus, Europe,
mating system, morphology.

Introduction

The genus Erigeron (Asteraceae, Astereae) comprises about 400 species (Nesom
2000). Its center of diversity — and therefore its supposed origin — is in North America
(Cronquist 1947), a conclusion which has been supported by recent molecular evidence
(Noyes 2000a). The genus is organized into several sections, some of which are rather
large (e.g. Euerigeron or Stenactis), while others contain only a few species (Cronquist
1947). The section Phalacroloma contains only two species, Erigeron annuus (L.) Pers.
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Tab. 1. Morphological characters of Erigeron annuus and E. strigosus as given in Cronquist 1980.

Character Erigeron annuus Erigeron strigosus

plants 60-150 cm 30-90 cm

pubescence of stem  mostly long and spreading mostly short and appressed
(or shorter and appressed) (or short and spreading)

foliage ample sparse

basal leaf-blade coarsely toothed entire or toothed
elliptic to suborbicular oblanceolate to elliptic
up to 10 x 7 cm up to 15 x 2.5 cm

more or less abruptly long-petiolate  tapered to the petiole

and E. strigosus Miihl. ex Willd. (Nesom 1989), which are the subject of this study. Both
species are native to the northern United States and adjacent Canada, but it has com-
monly been assumed that both taxa have been introduced to many parts of the world
(Holm et al. 1979) including Europe (Halliday 1976).

Considerable confusion exists about the taxonomic status and mating systems of E.
annuus and E. strigosus, and about the relationship between the two species. Different
taxonomic assignments based on morphology exist (Cronquist 1947, Wagenitz 1965),
and distinct types of mating systems have been described for these taxa (Land 1900,
Tahara 1915, Bergman 1944). Part of the taxonomic problem is that both species are
very variable, and most morphological traits used to distinguish the two taxa are over-
lapping. The characters used by Cronquist (1980) to distinguish the two species are
shown in Table 1. As the variability of E. strigosus is rather high, several varieties have
been described, mainly on features of the indumentum and characters of the flowers
and the heads (Cronquist 1991, Allison and Stevens 2001). In contrast, Cronquist
(1991) does not recognise infraspecific taxa within E. annuus, although it is also mor-
phologically very variable. Studies by Stratton (1988, 1991) showed that basal leaf
length, width, shape, and basal petiole length are highly correlated with nutrient supply
and clonal identity.

According to Cronquist (1947), a rather common variety intermediate between the
two species is characterized by leaves like those of E. strigosus and pubescence as
found in E. annuus. Various names of different taxonomic levels have been assigned to
this intermediate taxon. Fernald and Wiegand (1913) described it as E. ramosus B.S.P.
var. septentrionalis Fern. and Wieg. Later Fernald (1942) made the combination E.
strigosus var. septentrionalis (Fern. and Wieg.) Fern. Wagenitz (1965) modified it as E.
annuus ssp. septentrionalis (Fern. and Wieg.) Wagenitz and also gave E. strigosus the
status of a subspecies within E. annuus. However, the type specimen of this taxon (in
herbarium GH!) has leaves which are clearly intermediate in terms of dentation and
shape between the leaves of typical E. annuus and E. strigosus.

E. annuus was probably introduced into Europe hundreds of years ago as a garden
ornamental, but it soon became widespread in the wild. The first herbarium record of
naturalized E. annuus in Switzerland was made in 1828 (Rikli 1904). Later Fritsch
(1922) and Koch (1928) concluded that there were in fact two introduced species in
Europe, viz. E. annuus and E. strigosus. Today three taxa are recognised in Europe: the
two species of section Phalacroloma,viz. E. annuus and E. strigosus, as well as the inter-
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mediate taxon “septentrionalis”. They are usually named as E. annuus ssp. annuus, E.
annuus ssp. strigosus, and the intermediate E. annuus ssp. septentrionalis (Wagenitz
1965, Halliday 1976, Lauber and Wagner 1996, Haeupler and Muer 2000, Wagenitz
2002). This latter taxon is said to be the most frequent in Europe. As the aim of this
paper is to reexamine the taxonomic position of the three taxa, we will refer to them
here as “morphotypes”, namely morphotype “annuus”, morphotype “septentrionalis”
and morphotype “strigosus”.

The genus Erigeron belongs (with 5 other genera) to the subtribe Conyzinae, which
has a basic chromosome number of x=9 (Nesom 1994). A wide range of chromosome
numbers occurs in the section Phalacroloma. Not only are different ploidy levels
known to occur, viz. 2n=2x=18, 2n=3x=27 and 2n=4x=36, but various aneuploid
chromosome numbers have also been reported (Tahara 1915, 1921, Ikeno 1935, Taylor
1967, Chojnacki et al. 1980, 1982). For a general survey see Goldblatt (1981, 1984, 1985,
1988), Goldblatt and Johnson (1990, 1991, 1994, 1996, 1998, 2000).

The reproductive biology of the section is also complex. E. annuus and E. strigosus
are known to be agamospermous as well as sexual. Several different mechanisms for
the mating system have been described including: mitotic embryogenesis (Holmgren
1919, Tahara 1921, McDonald 1927, Gustafsson 1936, Bergman 1944, Fagerlind 1947,
Noyes 2000b), the generation of reduced gametes with n=9 (Turner and Flyr 1966,
Hong and Zhang 1990, Noyes 2000b), with n=13, 14 (Holmgren 1919, Tahara 1921,
Chojnacki et al. 1982) and probably with all numbers between 9 and 18 plus 21, 25 and
27 (Noyes 2000b), and double fertilization (Land 1900).

As can be seen from the above descriptions, there is considerable variation in the
group and the status and relationships of the various taxa is far from clear. In particu-
lar, there has been no attempt to correlate the morphological differences between taxa
with chromosome numbers and reproductive modes. The goals of this study are:

* to review critically the available data concerning chromosome counts (including new
chromosome counts presented in this paper),

e to relate morphology, cytology and reproductive modes, and

* to clarify which taxa really occur in Europe.

Materials and Methods
Samples

The plants for cytological study were grown from seed collected in the field in
Europe in 1995 (except where another year is indicated) and in the USA in 1996. Seed
was collected from random sample of 12-23 plants in each population. The minimum
distance between the populations sampled was 100 km. The sites at which populations
were sampled and the morphotypes collected are indicated below. Accuracy of degree
of latitude and longitude is 150 m. Vouchers are deposited in Z/ZT.

Europe

e Italy. Between Arsoli and Subiaco. Prov. Roma. Maria della Pace. 41°56.28'N.
13°03.28’E. alt. 400 m: E. annuus ssp. annuus (DF 14308)

» Italy. Prov. Cuneo. San Michele Mondovi. 44°22.23°N. 7°55.16’E. alt. 600 m: E. annu-
us ssp. annuus (DF 14314)

» France. Dép. Sadne-et-Loire. Autun. 46°57.16°N. 4°17.28’E. alt. 310 m: E. annuus ssp.
annuus (DF 14353)



4 Daniel Frey et al.

» Germany. Hessen. Gemeinde Sinn, Lahn-Dill-Kreis. Fleisbach. 50°38.28’N. 8°18.07’E.
alt. 260 m: E. annuus ssp. annuus (DF 14383)

e Romania. 100 km E of Timisoara. Dobra, on the road from Deva to Lugoj. 1997: E.
annuus ssp. annuus (MB 13359, cult. MB 13786)

USA

« Florida. Polk County. Bartow. 27°54.19°N. 81°49.46°W. alt. 30 m: E. annuus ssp. septen-
trionalis (DF 31601)

e Florida. Lee County. Albany (Dougherty County). 31°40.07°N. 84°10.29°W. alt. 50 m:
E. annuus ssp. annuus (DF 31606a), E. strigosus (DF 31606b)

¢ South Carolina. Laurens County. Clinton. 34°28.12’N. 81°56.67"W. alt. 200 m: E. annu-
us ssp. annuus (DF 31621a), E. annuus ssp. septentrionalis (DF 31621b)

e North Carolina. Hoke County. Antioch. 34°50.39°N. 79°10.03’W. alt 420 m: E. annuus
ssp. annuus (DF 31627a), E. annuus ssp. septentrionalis (DF 31627b)

e South Carolina. Chesterfiled County. 4.6 miles N of Ashland. 34°23.20°N. 80°15.08°W.
alt. 450 m: E. annuus ssp. annuus (DF 31628a), E. annuus ssp. septentrionalis (DF
31628b)

e Virginia. Lunenburg County. Burkeville. 37°04.17°N. 78°13.97°W. alt. 200 m: E. annu-
us ssp. annuus (DF 31640a), E. annuus ssp. septentrionalis (DF 31640b)

¢ Maryland. Charles County. Grayton. 38°25.13’N. 77°13.38'W. alt. 40 m: E. annuus ssp.
annuus (DF 31657a), E. annuus ssp. septentrionalis (DF 31657b)

Cytology

For cytological investigations we used root tips which were pretreated with colchi-
cine (0.05%) for 1/2 hour, then fixed in ethanol:acetic acid (3:1), and stained and
squashed in lacto-propionic orcein (Dyer 1963). At least five metaphases from at least
two root tips per plant were counted for the determination of chromosome numbers.
Voucher specimens are deposited in Z/ZT.

Herbarium specimens

For the evaluation of previously published chromosome counts, we checked all
available voucher specimens indicated in literature (or in some cases digital images or
photocopies of the original specimens; Tab. 3). These specimens were classified accord-

ing to the morphological characters given in Table 1, and based on Cronquist (1947,
1991).

Results

The data for chromosome numbers of plants investigated in this study are present-
ed in Table 2, and the data for published chromosome numbers supported by herbari-
um specimens are in Table 3. Out of the total of 125 records of chromosome numbers
(Tabs. 2 and 3), we were able to determine the morphotype (according to Tab. 1) for 99
specimens (77 from N. America and 22 from elsewhere in the world; Tab. 5). Table 4
presents a comparison of the taxa as given on the available herbarium sheets with our
morphotype determinations. The data demonstrate the considerable uncertainty that
exists about the identity of these taxa. We found that the majority of specimens labeled
as E. annuus did have the characters of morphotype “annuus”, though we assigned one
third of the specimens to morphotype “septentrionalis”. In contrast, the majority of
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Tab. 2. Voucher specimens with the corresponding chromosome numbers and morphotypes
(annuus, septentrionalis or strigosus) for our own counts. The voucher identification consists of a
population number, the identity of the mother-plant, and the identity of the offspring plant; each
identifier is separated by a slash.

Voucher identification 2n Morphotype
Europe

DF 14308/4/1 2 annuus

DF 14308/6/1 27 annuus

DF 14314/711 27 annuus

DF 14353/3/1 27 annuus

DF 14383/7/1 27 annuus

MB 13786/1 27 annuus

MB 13786/2 27 annuus

USA

DF 31601/2/1 27 septentrionalis
DF 31601/5/1 27 septentrionalis
DF 31606/10/1 27 annuus

DF 31606/15/1 18 strigosus

DF 31606/18/1 18 strigosus

DF 31606/23/1 18 strigosus

DF 31621/1/1 217 septentrionalis
DF 31621/2/1 27 annuus

DF 31621/16/1 27 septentrionalis
DF 31621/27/1 27 septentrionalis
DF 31621/31/1 20 annuus

DF 31627/1/1 27 annuus

DF 31627/2/1 27 annuus

DF 31627/9/1 27 septentrionalis
DF 31627/13/1 Wil septentrionalis
DF 31627/14/1 27 septentrionalis
DF 31628/2/1 27 annuus

DF 31628/6/1 27 septenirionalis
DF 31628/7/1 27 annuus

DF 31628/15/1 21 septentrionalis
DF 31628/27/1 21 annuus

DF 31640/2/1 27 annuus

DF 31640/9/1 27 septentrionalis
DF 31640/17/1 2 annuus

DF 31657/5/1 27 annuus

DF 31657/6/1 27 septentrionalis
DF 31657/9/1 2] septentrionalis
DF 31657/11/1 27 septentrionalis
DF 31657/18/1 27 annuus

herbarium specimens labeled as E. strigosus, were of morphotype “septentrionalis” (24
of 34 or 70%) and some were of morphotype “annuus” (17%). The sample does not
provide a reliable indication of the relative abundance of the various morphotypes, but
some points are worth noting. As is shown in Table 5, in North America, 55% of the
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Tab. 3. Chromosome counts in literature with indication of vouchers: Voucher specimens with
the corresponding chromosome numbers, origin of the plants investigated, taxon in the respec-
tive reference, and our reclassification of the checked vouchers (annuus, septentrionalis or strigo-
sus). n.a.: the respective specimen was not available; *: see comment in the text.

Reference resp. Chrom. Origin  Published Our Mowing

voucher identification number 2n of plants as classification  effect

Anderson et al. 1974 USA

(vouchers in DS)
Gegory 524 2 Strigosus septentrionalis probably
Wiggins 19837 9 [=18] ramosis Strigosus

Hill 1995 (BDWR) ¥,
Hill 90299 27 annuus n.a

Hong and Zhang 1990 (PE) China
PB8209%4 9y [=18] annuus n.a.

Hsu 1967 (TAI) Taiwan
3118 27 annuus annuus

Huber and Baltisberger

1992 (Z/ZT) Europe
WH13657/1 27 annuus annuus
WH13657/2 27 annuus annuus
WH13657/3 27 annuus annuus
WH13657/4 27 annuus annuus
WH13657/5 27 annuus annuus
WH13659/1 2 annuus septentrionalis
WH13659/2 27 annuus septentrionalis
WH13659/3 27 annuus septentrionalis
WH13659/4 27 annuus septentrionalis
WH13659/5 27 annuus septentrionalis
WH13660 27 annuus annuus
WH13661 2T annuus annuus

Kapoor 1972 (SMUH) Canada
Kapoor 71-167-1 27 Strigosus n.a.

Keil et al. 1988 USA
K 11636 (ASU) 27 strigosus septentrionalis yes
K 12823 (OBI) 911 [=18] strigosus septentrionalis

Kondo 1972 (NCU) USA
Kondo and Rao 732 181 [=36] annuus n.a.

Love and Love 1982 (WIN) Canada
1.& L 5935 2l septentrionalis septentrionalis

Mehra et al. 1965 (PANJAB) India
Mussoorie 27 annuus n.a.
Simla 27 annuus annuus
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Tab. 3. (continued)
Reference resp. Chrom. Origin  Published Our Mowing
voucher identification number 2n of plants as classification  effect
Montgomery and Yang
1960 (OAC)
Guelph (31717) 27 Canada annuus annuus
Guelph (31719) 27 Canada annuus annuus
Guelph (31720) 27 Canada annuus annuus
Guelph (31721) 27 Canada annuus annuus
Huntsville (31722) 27 Canada annuus annuus
Huntsville (31726) 27 Canada annuus annuus
Pancake Bay (31727) 27 Canada annuus annuus
Puslinch 27 Canada annuus n.a.
Steeleville 27 USA annuus n.a.
Theodosia 27 USA annuus n.a.
Union 27 USA annuus n.a.
Huntsville (31762) 27 Canada  strigosus septentrionalis
Huntsville (31764) 27 Canada  strigosus septentrionalis
Huntsville (31771) 27 Canada  strigosus septentrionalis
Huntsville (31774) 27 Canada  strigosus septentrionalis
Huntsville (31775) 27 Canada  strigosus septentrionalis
Guelph (31765) 27 Canada  strigosus annuus
Guelph (31767) 27 Canada  strigosus annuus
Guelph (31770) 27 Canada  strigosus septentrionalis yes
Puslinch 36 Canada  strigosus n.a.
Waterloo 2 Canada  strigosus n.a.
Alton (26877) 27 USA strigosus septentrionalis
Centreville (31769) 27 USA strigosus septentrionalis
Poplar Bluffs (31763) T USA Strigosus septentrionalis
Poplar Bluffs (31766) 27 USA Sstrigosus septentrionalis
Poplar Bluffs (31772) 27 USA strigosus septentrionalis
Union (31768) 27 USA strigosus annuus
Union (31773) 27 USA strigosus annuus
West Plains (26876) 27 USA strigosus septentrionalis
West Plains (26878) 27 USA strigosus septentrionalis
Morton 1981 (WAT) Canada
Morton NA28 27 annuus annuus
Mulligan 1961 (DAQO) Canada
Mulligan and Rae 2122 27 Strigosus annuus probably
Nesom 1978 (NCU) USA
Nesom R319 27 annuus n.a.
Treiber 1476 27 annuus septentrionalis
Whetstone 3520 27 annuus n.a.
Whetstone 4091 27 annuus n.a.
Whetstone 4474 27 annuus septentrionalis
Whetstone 4728 7 annuus septentrionalis yes
Nesom R305 27 annuus n.a.
Nesom R317 27 annuus septentrionalis
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Tab. 3. (continued)

Reference resp. Chrom. Origin  Published Our Mowing
voucher identification number 2n of plants as classification  effect

Nesom R324 18/27 strigosus pop. voucher!*

Nesom R325 18/27 strigosus pop. voucher!”

Whetstone 2916 27 strigosus septentrionalis

Whetstone 2995 27130 strigosus n.a.

Whetstone 3218 18/27 strigosus n.a.

Whetstone 4279 18 Strigosus n.a.

Whetstone 4499 .43 strigosus septentrionalis

Whetstone 4666 18 strigosus strigosus
Peng and Hsu 1977, 1978 (TAI) Taiwan

Peng 1385 27 annuus annuus
Semple 1985 (WAT) USA

Semple and Brouillet 4397 36 strigosus strigosus yes
Semple and Chmielewski
1987 (WAT) USA

Semple and Brouillet 7355 18 strigosus strigosus
Semple et al. 1989 (WAT) USA

Semple, Brammall

and Hart 3002 91 [=18] Strigosus annuus
Solbrig et al. 1964 (GH) USA

Anderson 2201 ., annuus n.a.

Porter 950 27 annuus n.a.

Porter and Svenson 911 27 annuLs n.a.

Porter and Svenson 869 27 strigosus septentrionalis

Porter and Svenson 916 27 strigosus septentrionalis
Solbrig et al. 1969 (DS) USA

Raven 19484 2} annuus annuus

Raven 19439 27 strigosus septentrionalis

Raven 19446 27 Strigosus septentrionalis

Raven 19480 27 strigosus septentrionalis
Taylor 1967 (DAO) Canada not from sect.

Taylor and Sherk 4865 n=35-36 strigosus Phalacroloma!
Turner and Flyr 1966 (TEX) USA

Turner 4924 911 [=18] strigosus strigosus

Vachova and Ferakova 1980 (SLO) Europe
Ferakova 27 strigosus n.a.

Vahidy et al. 1987
(MO or KUH) USA
Vahidy and Davidse 21 n=18 strigosus n.a.
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Tab. 4. Comparison of taxonomic determinations of 66 available herbarium specimens (see
Tab. 3) of Erigeron spp. according the herbarium label, and the morphotype according to the
characters listed in Table 1.

Morphotype Herbarium label
Erigeron Erigeron Erigeron Erigeron
annuus Famosus septentrionalis strigosus
annuus 19 0 0 6
septentrionalis 8 0 1 24
strigosus 0 1 0 4
population voucher 0 0 0 2
other 0 0 0 1

plants investigated were of morphotype “septentrionalis”, whereas in the samples from
other parts of the world (mainly Europe) morphotype “annuus” was more abundant
(77%). There were only eight plants of morphotype “strigosus” (i.e. 8% of the sample),
all of which were from North America.

A clear association between morphotype and chromosome number is evident, both
for our own counts (Tab. 2) and for those previously published counts for which vouch-
er specimens were available (Tab. 3). No specimens of morphotype “strigosus” were
triploid. Plants of morphotypes “annuus” and “septentrionalis” were mostly triploid
(Tab.5), though there was a single record of diploid plants of both morphotypes “annu-
us” and “septentrionalis”. All records of these morphotypes from Europe proved to be
triploid. There are also a few records of diploid and tetraploid plants in Table 3 for
which we were unable to determine the morphotype. Two vouchers are “population
vouchers” representing populations with more than one chromosome number, and we
can therefore not correlate the morphotype with any of these chromosome numbers
(Tab. 3%).

Discussion
Morphology

A general problem of the two main taxa within section Phalacroloma (Cronquist
1947), E. annuus and E. strigosus, is that they are only weakly delimited and the char-
acters are broadly overlapping. The infraspecific taxon “septentrionalis” was originally
treated as a variety within E. strigosus but Wagenitz (1965) transferred it as a sub-
species to E. annuus. Plants of the morphotype “septentrionalis” tend to have narrow-
er leaves with fewer teeth than those of typical E. annuus. The hairiness of the stem is
frequently used to distinguish the taxa, but it is so variable that it is hardly a good mor-
phological trait to define an intermediate form. In addition, herbarium specimens and
personal observations in the field showed that there is an important effect of pheno-
typic plasticity: plants that have been cut back show a shift in morphological characters
from E. annuus towards morphotype “septentrionalis”. We refer to this as the “mow-
ing effect”. Indeed, even the type specimen of the taxon “septentrionalis” (in GH!),
which consists of two individual plants which had been cut back while living, exhibits
this “mowing effect”. This environmental effect must be taken into account when infer-



10 Daniel Frey et al.

Tab. 5. Summary of data on chromosome numbers for 99 specimens representing 3 morphotypes
of Erigeron section Phalacroloma collected either in North America (NA) or elsewhere in the
world (Inv.).

Morphotype Chromosome number
18 = 36 Total
annuus NA 1 26 0 27
Inv. 0 17 0 17
septentrionalis NA 1 41 0 42
Inv. 0 5 0 5
strigosus NA 7 0 1 8
Inv. 0 0 0 0

ring the taxon from morphological characteristics. We therefore conclude that mor-
photype “septentrionalis” is part of the morphological variability of E. annuus and not
a distinct taxon.

Cytology and its relation to the morphotypes

Different ploidy levels, viz. 2n=2x=18, 2n=3x=27, 2n=4x=36 and some aneu-
ploid numbers can be found in the literature, there are no obvious groupings of taxa
and ploidy levels. However, determinations of morphotypes based on a rigorous appli-
cation of the charcters in Table 1 reveals some simple patterns. Firstly, all plants from
Europe (Tabs. 2 and 3 as well as additional indications in the literature) proved to be
triploid, and are probably apomictic. In North America di-, tri- and tetraploid plants
have been recorded, suggesting that sexual reproduction may also occur in all taxa.
Secondly, specimens of our own counts (Tab. 2) and most of the available voucher spec-
imens cited in literature (Tab. 3) revealed that morphotype “strigosus” is diploid or
tetraploid, while morphotypes “annuus” and “septentrionalis” are mainly triploid. The
main reason for this clear grouping is the fact that plants published as triploid E. strigo-
sus mostly correspond to morphotype “septentrionalis” (i.e. narrow leaved forms of E.
annuus). Some of the plants identified on herbarium labels as E. strigosus also show a
“mowing effect”.

Although the association between morphotype and chromosome number proposed
here seems to be robust, a few apparently anomalous records require comment. Vacho-
va and Ferakova (1980) give 2n=27 for E. strigosus from Slovakia. The corresponding
specimen (deposited in SLO) could not be found, and the plants investigated by Vacho-
va and Ferakova could therefore not be checked. This is because “most probably only
the achenes were kept...” (Ferakova, in litt.). A herbarium specimen of comparable
plants (but from another site) was sent to us; “this material [cited in Vachova and Fer-
akova (1980)] should be identical with the specimen I found in other locality... which
we enclose” (Ferakova, in litt.). These plants are morphotype “septentrionalis” which
suggests that the plants investigated by Vachova and Ferakova (1980) may not have
been E. strigosus (Tab. 3").

Tahara (1915, 1921) published 2n=~26 and always explicitly mentioned that this
was an approximate number. This uncertainty can be better understood if we take into
account that E. annuus was considered at that time to be diploid, and so an even num-
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ber of chromosomes would have been expected. The same interpretation can be
applied to the counts of Suzuki and Taguti (in Ikeno 1935) who mainly counted 2n =27,
but rarely found 2n =26. Ikeno (1935) interpreted the additional chromosome as the
result of a chromosomal mutation, which ended up in an “unbalanced” chromosome
number (2x13+1).

Bijok et al. (1972) give 2n =27, Chojnacki et al. (1980, 1982; at the same institute as
Bijok and his coworkers) give 2n =26 as well as 27 for various specimens from Poland.
Bijok et al. (1972; Fig. 2) and Chojnacki et al. (1980; Fig. 1A) each published what
appears to be the same illustration of a metaphase, except that one single chromosome
has been omitted in Chojnacki et al. (1980). Thus, in these studies there remains some
doubt concerning the exact chromosome number of E. annuus.

Peng and Hsu published the number 2n =27 for E. annuus in 1977 as well as in 1978.
As in both papers the same voucher specimen (with the same number Peng 1385) is
indicated, the same count is published twice. The result published by Hong and Zhang
(1990) should be mentioned here, because it provides the first proof of a diploid plant
of this section outside North America.

Mating system and morphology

The first description of double fertilization in Asteraceae (Land 1900) was given for
a plant of E. strigosus from Chicago (USA). Clearly this plant has to be considered sex-
ual, but Land gives no further description of its morphology. Tahara (1921) reported
from Tokyo the occurrence of apogamy in E. annuus but did not describe the mor-
phology of the plants investigated. Later, McDonald (1927) reinvestigated E. annuus
and E. strigosus for studies of seed development. Both species turned out to be agamo-
spermous. McDonald mentioned the “surprising similarity between the two species: the
size and appearance of the ovule; time of development of the integument; lack of a
nutritive layer on the inner border of the integument; character and time of disap-
pearance of the nucellus; and absence of tetrad stage in the development of the
embryo-sac — all were as has been described for the preceding plant” (E. annuus). The
description clearly separates this specimen of E. strigosus from the plant investigated
by Land (1900). Thus, even these early descriptions reveal that we need to take into
account two major groups — one agamospermous and one sexual — and within the
agamospermous group, two morphotypes that are obviously different, one of them
resembling E. strigosus.

Several papers deal with plants originating from Hortus Bergianus (Stockholm).
Holmgren (1919) described apogamy in E. annuus and gave a rough description of the
plant, which in most respects resembled E. annuus except that the basal leaves were
entire and lanceolate. We suspect that this plant was morphotype “septentrionalis”.
Gustafsson (1936) investigated plants determined as E. annuus and E. ramosus (= E.
strigosus), respectively. Both taxa proved to be apomictic, but as no morphological indi-
cations are given we can nothing say about the morphotypes; nevertheless it seems
likely that the plant referred to as E. ramosus was morphotype “septentrionalis”.
Bergman (1944) investigated one individual named as E. cfr. annuus which was also
apomictic though nothing is known of its morphotype. Fagerlind (1947) investigated
one plant which “presumably belongs to the same biotypes or biotype group that sup-
plied Bergman’s and parts of Holmgren’s material”, but again nothing can now be said
about the morphology of this plant.

Recently Noyes (Noyes 2000b, Noyes and Rieseberg 2000) published an extensive
study on sexual x agamospermous hybrids within E. annuus and E. strigosus.
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Erigeron annuus proved to be triploid and apomictic while E. strigosus was diploid and
sexual. Noyes showed that triploid plants are able to produce viable pollen with 9 or 18
chromosomes (haploid and diploid, respectively). Gene flow and therefore genetic
variability can thus be the product of (probably rare) sexually produced offspring;
these may be one of the main sources of the morphological variability within the taxa
of section Phalacroloma.

Conclusion

Overlapping traits, combined with extensive phenotypic plasticity (Stratton 1988,
1991), suggest that morphotype “septentrionalis” should be included within E. annuus.
This is supported by the “mowing effect” which makes it possible for leaf morphology
to switch from morphotype “annuus” to morphotype “septentrionalis”. Additionally E.
annuus (including morphotype “septentrionalis™) is (mostly) triploid and agamosper-
mous, in contrast to the diploid (or tetraploid) and sexual E. strigosus.

It has commonly been assumed that E. strigosus was introduced to Europe (Wage-
nitz 1965, Halliday 1976). However, published cytological data as well as our own inves-
tigations provide no support for the assertion that E. strigosus exists in Europe.

We thank staff and curators of the following herbaria for their help in searching the voucher specimens:
ASU, BDWR, CAS, COLO, DAO, DAV, DS, GH, JEPS, KUH, MO, NCU, NY, OAC, OBI, PANJAB, PE,
SMUH, SLO, TAL TEX, UC, WAT, WIN, Z/ZT.

References

Allison J.R. and Stevens T.E. 2001. Vascular flora of Ketona Dolomite outcrops in Bibb County,
Alabama. Castanea 66: 154-205.

Anderson L.C,, Kyhos D.W., Mosquin T., Powell A.M. and Raven PH. 1974. Chromosome num-
bers in Compositae. IX. Haplopappus and other Astereae. Am. J. Bot. 61: 665-671.

Bergman B. 1944. A contribution to the knowledge of the embryo sac mother cell and its devel-
opment in two apomicts. Svensk Bot. Tidskr. 38: 249-259.

Bijok K., Krenska B. and Pawlak T. 1972. Karyological investigations on Erigeron canadensis L.
and E. annuus (L.) Pers. from natural stands in Poland. Acta Soc. Bot. Pol. 41: 433-438.

Chojnacki W., Pawlak T. and Bijok K. 1980. Studia kariologiczne nad Erigeron annuus (L.) Pers.
1 E. acer L. ze stanowisk naturalnych w Polsce. Zesz. Nauk. Wydz. Biol. Nauk Ziem. Uniw.
Gdansk, Biol. 2: 41-47.

Chojnacki W., Krenska B. and Bijok K. 1982. An embryological and genetic study of the species
Erigeron acer L., E. annuus (L.) Pers. and E. canadensis L. from Poland. Zesz. Nauk. Wydz.
Biol. Nauk Ziem. Uniw. Gdansk, Biol. 3;: 69-85.

Cronquist A. 1947. Revision of the North American species of Erigeron, north of Mexico. Britto-
nia 6: 121-300.

Cronquist A. 1980. Vascular Flora of the southeastern United States. Vol. I. Asteraceae. The Uni-
versity of North Carolina Press, Chapel Hill: 261 pp.

Cronquist A. 1991. Erigeron L.; pp. 590-592. In: Gleason H.A. and Cronquist A.: Manual of vas-
cular plants of northeastern United States and adjacent Canada. Second Edition. The New
York Botanical Garden, Bronx, New York 10458, USA: 910 pp.

Dyer AF. 1963. The use of lacto-propionic orcein in rapid squash methods for chromosome
preparations. Stain Techn. 38: 85-90.

Fagerlind F. 1947. Macrogametophyte formation in two agamospermous Erigeron species. Acta
Horti Bergiani 14: 221-247.

Fernald M.L. 1942. Three transfers in the Compositae. Rhodora 44: 340.

Fernald M.L and Wiegand K.M. 1913. A northern variety of Erigeron ramosus. Rhodora 15:
59-61.

Fritsch K. 1922. Beitriige zur Flora von Steiermark. Osterr. Bot. Zeitschr. 71: 200-206.



Botanica Helvetica 113/1, 2003 13

Goldblatt P. 1981. Index to plant chromosome numbers 1975-1978. Monogr. Syst. Bot. Missouri
Bot. Gard. 5: 1-533.

Goldblatt P. 1984. Index to plant chromosome numbers 1979-1981. Monogr. Syst. Bot. Missouri
Bot. Gard. 8: 1-427.

Goldblatt P. 1985. Index to plant chromosome numbers 1982-1983. Monogr. Syst. Bot. Missouri
Bot. Gard. 13: 1-224.

Goldblatt P. 1988. Index to plant chromosome numbers 1984-1985. Monogr. Syst. Bot. Missouri
Bot. Gard. 23: 1-264.

Goldblatt P. and Johnson D.E. 1990. Index to plant chromosome numbers 1986-1987. Monogr.
Syst. Bot. Missouri Bot. Gard. 30: 1-243.

Goldblatt P. and Johnson D.E. 1991. Index to plant chromosome numbers 1988-1989. Monogr.
Syst. Bot. Missouri Bot. Gard. 40: 1-238.

Goldblatt P. and Johnson D.E. 1994. Index to plant chromosome numbers 1990-1991. Monogr.
Syst. Bot. Missouri Bot. Gard. 51: 1-267.

Goldblatt P. and Johnson D.E. 1996. Index to plant chromosome numbers 1992-1993. Monogr.
Syst. Bot. Missouri Bot. Gard. 58: 1-276.

Goldblatt P. and Johnson D.E. 1998. Index to plant chromosome numbers 1994-1995. Monogr.
Syst. Bot. Missouri Bot. Gard. 69: 1-208.

Goldblatt P. and Johnson D.E. 2000. Index to plant chromosome numbers 1996-1997. Monogr.
Syst. Bot. Missouri Bot. Gard. 81: 1-188.

Gustafsson A. 1936. Studies on the mechanism of parthenogenesis. Hereditas 31: 1-111.

Haeupler H. und Muer T. 2000. Bildatlas der Farn- und Bliitenpflanzen Deutschlands. Verlag
Eugen Ulmer, Stuttgart: 759 S.

Halliday G. 1976. Erigeron L., pp. 116-120. In: Tutin T.G. et al. (eds.): Flora Europaea. Vol. 4. Cam-
bridge University Press, Cambridge/London/New York/Melbourne: 505 pp.

Hill L.M. 1995. In: Stace C.A. (ed.): IOPB chromosome data 9. IOPB Newsletter 24: 10-23.

Holm L., Pancho J.V,, Herberger J.P. and Plucknett D.L. 1979. A geographical atlas of world
weeds. John Wiley and Sons, New York/Chichester/Brisbane/Toronto: 391 pp.

Holmgren I. 1919. Zytologische Studien iiber die Fortpflanzung bei den Gattungen Erigeron und
Eupatorium. Kungl. Svenska Vetenskapsakad. Handl. 59 (7): 1-117.

Hong D.-Y. and Zhang S.-Z. 1990. Observations on chromosomes of some plants from western
Sichuan. Cathaya 2: 191-197.

Hsu C.-C. 1967. Preliminary chromosome studies on the vascular plants of Taiwan (I). Taiwania
13: 117-129.

Huber W. and Baltisberger M. 1992. In: Stace C.A. (ed.): IOPB chromosome data 4. IOPB
Newsletter 18/19: 5-10.

Ikeno S. 1935. Studien iiber die mutative Entstehung eines hochmutablen Genes bei einer
parthenogenetischen Pflanzenart. Z. Indukt. Abst.-Vererbungsl. 68: 517-542.

Kapoor BM. 1972. In: Love A. (ed): IOPB chromosome number reports XXXV. Taxon 21:
161-166.

Keil D.J., Lockow M.A. and Pinkava D.J. 1988. Chromosome studies in Asteraceae from the Unit-
ed States, Mexico, the West Indies, and South America. Am. J. Bot. 75: 652-668.

Koch W. 1928. Studien iiber kritische Schweizerpflanzen I. Ber. Schweiz. Bot. Ges. 37: 44-66.

Kondo K. 1972. Chromosome numbers of some angiosperms in the United States. Phyton 29:
55-58.

Land W.J.G. 1900. Double fertilization in Compositae. Bot. Gaz. 30: 252-260.

Lauber K. und Wagner G. 1996. Flora Helvetica. Verlag Paul Haupt, Bern/Stuttgart/Wien: 1613 S.

Love A. and Léve D. 1982. In: Love A. (ed.): IOPB chromosome number reports LXXV. Taxon
31: 342-368.

McDonald C.C. 1927. A study of seed development in three species of Erigeron with special refe-
rence to apogamy. Bull. Torrey Bot. Club 54: 479-497.

Mehra PN, Gill B.S,, Mehta J.K. and Sidhu S.S. 1965. Cytological investigations on the Indian
Compositae. I. North-Indian taxa. Caryologia 18: 35-68.

Montgomery F.H. and Yang S.-J. 1960. Cytological studies in the genus Erigeron. Can. J. Bot. 38:
381-386.



14 Daniel Frey et al.

Morton J.K. 1981. Chromosome numbers in Compositae from Canada and the U.S.A. Bot. J. Linn.
Soc. 82: 357-368.

Mulligan G.A. 1961. Chromosome numbers of Canadian weeds. III. Can. J. Bot. 39: 1057-1066.

Nesom G.L.1978. Chromosome numbers in Erigeron and Conyza (Compositae). Sida 7: 375-381.

Nesom G.L. 1989. Infrageneric taxonomy of New World Erigeron (Compositae: Astereae). Phy-
tologia 67: 67-93.

Nesom G.L. 1994. Subtribal classification of the Astereae (Asteraceae). Phytologia 76: 193-274.

Nesom G. 2000. Generic conspectus of the tribe Astereae (Asteraceae) in North America, Cen-
tral America, the Antilles, and Hawaii. Sida, Bot. Misc. 20: 1-100.

Noyes R.D. 2000a. Biogeographical and evolutionary insights on Erigeron and allies (Aster-
aceae) from ITS sequence data. Plant Syst. Evol. 220: 93-114.

Noyes R.D. 2000b. Diplospory and parthenogenesis in sexual x agamospermous (apomictic)
Erigeron (Asteraceae) hybrids. Int. J. Plant Sci. 161: 1-12.

Noyes R.D. and Rieseberg L.H. 2000. Two independent loci control agamospermy (apomixis) in
the triploid flowering plant Erigeron annuus. Genetics 155: 379-390.

Peng C.-I. and Hsu C.-C. 1977. In: Love A. (ed): IOPB chromosome number reports LVIIL. Taxon
26: 557-565.

Peng C.-I. and Hsu C.-C. 1978. Chromosome numbers in Taiwan Compositae. Bot. Bull. Acad.
Sinica 19: 53-66.

Rikli M. 1904. Beitridge zur Kenntnis der schweizerischen Erigeron. Ber. Schweiz. Bot. Ges. 14:
127-133.

Semple J.C. 1985. Chromosome number determinations in fam. Compositae tribe Astereae.
Rhodora 87: 517-527.

Semple J.C. and Chmielewski J.G. 1987. Chromosome number determinations in fam. Composi-
tae, tribe Astereae. I1. Additional counts. Rhodora 89: 319-325.

Semple J.C., Chmielewski J.G. and Lane M.A.1989. Chromosome number determinations in fam.
Compositae, tribe Astereae. IT1. Additional counts and comments on generic limits and ances-
tral base numbers. Rhodora 91: 296-314.

Solbrig O.T., Anderson L.C., Kyhos D.W., Raven PH. and Riidenberg L. 1964. Chromosome num-
bers in Compositae V. Astereae II. Am. J. Bot. 51: 513-519.

Solbrig O.T., Anderson L.C., Kyhos D.W. and Raven PH. 1969. Chromosome numbers in Com-
positae VII: Astereae I11. Am. J. Bot. 56: 348-353.

Stratton D.A. 1988. Life cycle components of selection in Erigeron annuus. Abstract Diss. State
University of New York, Stony Brook, NY: 19 pp.

Stratton D.A. 1991. Life history variation within populations of an asexual plant, Erigeron annu-
us (Asteraceae). Am. J. Bot. 78: 723-728.

Tahara M. 1915. Parthenogenesis in Erigeron annuus Pers. (a preliminary note). Bot. Mag. Tokyo
29:245-254.

Tahara M. 1921. Cytologische Studien an einigen Kompositen. J. Coll. Sci. Tokyo Imp. Univ. 43 (7):
1-53.

Taylor 1967. In: Love A. (ed.): IOPB chromosome number reports XIII. Taxon 16: 445-461.

Turner B.L. and Flyr D. 1966. Chromosome numbers in the Compositae. X. North American
species. Am. J. Bot. 53: 24-33.

Vachova M. and Ferakova V. 1980. In: Love A. (ed.): Chromosome number reports LXIX. Taxon
29:703-730.

Vahidy A.A., Davidse G. and Shigenobu Y. 1987. Chromosome counts of Missouri Asteraceae
and Poaceae. Ann. Missouri Bot. Gard. 74: 432-433.

Wagenitz G. 1965. Compositen (Korbbliitler) II. Teil, pp. 81-160. In: Wagenitz G. (ed.): Hegi Illus-
trierte Flora von Mitteleuropa. Band VI/3, Lieferung 2. Zweite Aufl. Carl Hanser Verlag,
Miinchen.

Wagenitz G. 2002. Erigeron L. — Berufskraut, S. 654-656. In: Jiger E.J. und Werner K. (eds.):
Rothmaler Exkursionsflora von Deutschland. Band 4, Gefisspflanzen: Kritischer Band.
9. Aufl. Spektrum Akademischer Verlag, Heidelberg/Berlin: 948 S.



	Cytology of Erigeron annuus s.l. and its consequences in Europe

