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Abstract

I lie utility of H morphological characters for phylogenelic inference was evaluated against cladograms inferred from
nuclear riboso.nal DNA internal transcribed spacer (ITS) sequences for 89 representatives of Apiaceae including 58
accessions of Scandieeae subtrihe Scandicinae. Distance-based analyses of morphological data confirmed the monophyly
-.1 many clades delimited previously on the basis of ITS sequences. However, morphology failed to support the mono-
phyly of Scandicinae and the close affinity between the basallv brandling Conopodium and Athamanta groups The
mfragener.c divisions in Anthriscus, Chaewphyllum, and (hmorhiza, traditionally defined on the basis of life history,
eaf division, indumentum, and inflorescence architecture, are incongruenl with the molecular ..■suits as these morpho-
logical characters are quite homoplastic. Least homoplastic, and therefore useful for generic delimitation within Scan-
dicinae, are ln.it characters such as epidermis morphology and primary ridge shape. Rhopa/osciadiun, and Chaem-
phyllopsis, traditionally placed in Scandicinae but not included in the ITS study, do not occur within the subtrihe upon
analysis of morphological data. The former has affinity to Scandieeae subtrihe Torilidinae. whereas the latter allies will,
the apio.d superelade. The following laxonomic changes are suggested: (I) Kmsnovia and Neovormpodium are included
in Kodovm; (2) section Cerejolium is restored in AnlhrisciLs for A. ere folium: and (3) Myrrhoidvs is transferred back to
Chaerophyilwn, with lour sections recognized within the latter.

Key words: Apiaceae. morphology, phytogeny, Scandieeae, Scandicinae, taxonomy. Umbelliferae.

The compound umbel is a trademark of subfam- failed (Constance, 1971: Pimenov & Leonov, 1993).
ily Apioideae anil is a feature by which the whole The systems of Apiaceae classification, including
family Apiaceae has earned its traditional name ,| ie most influential system of Dn.de (1898) are
Umbelliferae Together with other morphological usua || y based on fmi , t .|,aracters, particularly its
ea.ures, stub as two one-seeded mericarps joined shape an(I ( , mipression , (ll) . characteristics of ribs,

by  a  l)ilurcate  carpophore  and  sty  es  emerginu  from  .  i  i  •  i  i.  o  i  a  .  ,  ,  h  "  secretory  canals,  and  indumentum,  endocarp  scler-
a  more  or  less  Mutinied  Moral  disc  or  sty  opodium.  :c.  ..:  u  r  i  i  i  .•  •.  ■,.  iii  ...  i  t  r  i  ineation,  shape  ol  endosperm,  and  the  distributionthe  com  pound  umbel  supports  the  monophvly  o  the  r  ,•  ,.  ,  ,  w  .  innA  ,  „if  i  i  i  ,.  .  .  ,  ,  ,  ,  °'  ealnum  oxalate  crystals  (Koch.  824:  de  (an-sublamily  and  delimits  it  from  the  other  two  sub-  ,„  ,«.,  nT  ,  IO  ->„.,  .  ,  „  '  ,,  ,
hunilies.  Saniniloideae  and  Hydroeotvloideae.  Mo-  '  !!  f/  *  °  :  ^  ^  "''"^  186?:  I)ruc,e  '
lecular data corroborate these morphological data '^ Cal «*« uni - l9()5 ' Koso-Poljansky. 1916). The
in revealing that Apioideae are indeed monophv- "" ly ,>x<e l>»">" « the classification of Cerceau-Lar-
letic and a sister group to subfamily Saniniloideae nval ( ,9r>2 )- wno underlined the importance of pol
(Plunkett et al.,  I9<)7; Downie et al.,  1998). I(> " mor phology and vegetative features, especially

Although morphology delimits subfamily Apioi- tne internal contour of the endexine and shape of
deae,  it  has proved unrelial 'Ic III demarcating l '"' cotyledons. However, characters of the fruit and
monophyletic groups within the subfamily, and all those used more recently for stomata, pollen, cot
attempts to generate a useful classification system yledons, and secondary metabolites (Cerceau-Lar-
of  umbellifers  using  this  type  of  evidence  have  rival.  1962.  196.'i  1965.  1971:  Guyot,  1971;  Guv-
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Table 1. Genera included in Scandiceae subtribe Scandieinae based on phylogenctic analysis of nuclear rl)NA ITS
sequences (Downie et al., 2000a).

Genu!*
Ant h rise us Pers.
Athamanta L.
Balansaea Boiss. & Keut.
Chaerophyllum I,.
Conapodium W. I). J. Koch
Geocaryum Coss.
Kozlovia Lipsky
Krasnovia Popov ex Schischk.
Myrrh is Mill.
Myrrh aides Fabr.
Ne oc ono podium Pimenov & Kljuykov
Osmorhiza Raf.
Scandix L.
Sph a lie roc a rp us DC.
Tingiiarra Pari.
To da roaPari.k

No. of
species

9».<
5 b
1

34'

3- - 1 5
1
I
1
1
2"

5-2( )
1
2'
I

Distriltution (center)
Kurasia/Alrica (NE Mediterranean/Caucasus)
Kurope/N Africa (Italy and Balkans)
SW Mediterranean
Knrasia/N Alrica/N America (Mediterranean/Caucasus)
Kurope/N Africa (W Mediterranean)
NK Mediterranean (Balkans!
I ran o- Turanian
Central Asia
(Central Kurope
SK Europe/W Asia
I ra no-Tu ran i a n/H i ma I ay a
Asia/America (N America)
Eurasia/ Africa (E Mediterranean)
East Asia
Canaries
C,ananes

a Spalik (1997). b Rased on Tutin (1968), but excluding A. macedonica and A. della-cellae. c Table 2. d Silvestre (1973)
" Ball (1968). * Engstrand (1977). ■ Pimenov & Kljuykov (1987). '' Lowry & Jones (1984). ' Pimenov & Leonov (1993)
J T cervariifalia and T montana, excluding T sicida transferred back to Athamanta. k Included based on Downie et al
(2000c).

ot et al., 1980; Harborne, 1971; Nielsen, 1971; different taxonomic levels is therefore of great im-
Crowden et al., 1969; Harborne et al., 1969; Har- portanee.
borne & Williams, 1972) are homoplastic vvben op- Subtribe Scandicinae encompasses 16 genera
timized onto phytogenies inferred from molecular with up to 110 species, with 7 of these genera
data (Plunkett  et  al.,  1996;  Katz-Downie et  al..  monotypic  (Table 1).  Members of  Scandicinae are
1999).  diversified  with  respect  to  habit,  reproductive  strat-

Contrary to those relationships implicit in tradi- egy, and life history, which makes them a model
tional classifications based on morphology, evolu- group to study evolutionary tendencies. Most taxa
tionary relationships among umbellifers estimated are perennial polycarpic hemicryptophytes; Cono-
on the basis of various types of molecular markers podium, Kozlovia, Krasnovia, Neoconopodium, and
are generally congruent. Several major lineagesli Geocaryum are geophytes; and Scandix, Myrrhoi-
have been identified, seven of which have been for- des, and some species of Anthriscus and Chaero-
mally recognized as tribes (Downie et al., 2000b). phyllum are annual therophytes ("true" annuals) or
One tribe, Scandiceae Spreng., is further divided hemicryptophytes (winter annuals). The most eco-
into three subtribes: Scandicinae Tausch, Daucinae logically diversified genera are Anthriscus and
Dumort., and Torilidinae Dumort. (Downie et al., Chaerophyllum, whose members occur in both pri-
2000a). Although most of these lineages bear tra- man (montane forests, meadows, and screes) and
ditional tribal or subtribal names, only Kchinopho- secondary (ruderal) communities. Members of An-
reae and Scandicinae are equivalent to those taxa thriscus, Chaerophyllum. and Osmorhiza, although
that have been long recognized under these names each united by a similar fruit morphology and anat-
(Downie et al., 2000a, c). Moreover, it is difficult omy, differ in habit and, as such, infrageneric taxa
to find morphological synapomorphies defining for each have been recognized (Table 2). Molecular
tllese newly identified lineages (Downie et al., analyses have confirmed that each of these genera
2000b). It seems therefore that the task of reclas- is monophyletic but do not support their infrage-
sifying umbellifers, at least at higher taxonomic lev- neric divisions (Downie et al.. 2000a). This sug-
els, may be accomplished based on molecular rath- gests that, despite criticism, fruit morphology may
er than on traditional taxonomic data. The latter be a source of taxonomically valuable characters
are, however, crucial for the circumscription and whereas plant habit may not.
identification of taxa. Evaluating the utility of mor-
phological markers for phylogenetic inference al

In this study, we evaluate the utility of morpho-
Iogiical  characters  in  delimiting  monophyletic
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Table 2. Infrageneric classification of Anthriscus,
Chaerophyllum, and Osmorhiza tested in this study using
molecular and morphological data. For brevity, taxonomic
authorities are omitted if they are provided in Table 3.
The source of taxonomic treatment is given in parentheses
alter each generic name. The treatment of C heterophil I um
is taken from Schischkin (1950b) with later changes. Se-
ries names enclosed in quotation marks are not validly

Table 2. Continued.

& Asection ISudae Constance <!( Shan ex Lowrv
C Jones
(). berleroL O. depauperata, (). purpurea

Subgenus Glycosma (Nutt.) I) rude
0. occidental is

'Original spellings angelicuefolium and horodini are
published. Likewise, infrageneric assignments of Koso- contrary to Art. 60.8 and Art. 60. 1 1 of the Botanical Code
Poljansky (1916) are problematic, lacking designated (Greuter et al., 2000), respectively.
types.

— groups within Scandieeae subtribe Scandicinae in
light of the results of our recent molecular system-
atic study of the group using nuclear ribosomal
DIN A ITS sequences (Downie et al., 2000a). We are
particularly interested in identifying those morpho-
logical characters that are most useful in delimiting
genera and infrageneric taxa. Similarly, we seek to
provide a new circumscription of the subtribe based
on morphology which would permit identification of
members of this clade. We also confirm the position
of two monotypic genera previously placed in Scan-
dicinae, Rhopalosciadium Rech. f. and Chaero-
phyllopsis II. Boissieu, that were not available f<

Anthriscus IVrs. (Spalik, IW7)
section Anthriscus

A. caucalis, A. cere folium. A tenerrima Boiss. &
Spruner

section C oroides Boiss.
A, kotschyi, A. ruprechtii Boiss.

section (ucosciudium (Kchb.) Neilr.
A. lamprocarpa, A. nitida, A. schmalhausenii, A.

sylrestris | subsp. sylrestris, subsp. nemorosa.
subsp. fumarioides, subsp. alpina (Vill.) Gremli]

( ban ophxllimi L. (Schischkin, 1950b; Hedge &
Lamond, 1972a, 1987; Czerepanov, 1995)
Subgenus Chaerophyllum

scries Aromatic a Koso-Pol.
C. aromaticum. C. aureum

series llirsuta Koso-Pol.
C. hirsutum

scries Hum ilia Koso-Pol.
C. hum He Stev.

"series Roseit Schischk."
C. roseum M. Bicb., C. rubellum Albov

"series Involucrata Schischk. "
C. astrantiae, C. borodinii" Albov. C.

khorassanicum
"series 1 emu la Schischk."

C. temulum
Subgenus (wolenkinianthe (Koso-Pol.) Schischk.

C mac rasper mum
Subgenus iiuniomorpha Koso-Pol.

series Angelic if olia Koso-Pol.
C. angelic ifolium a M. Bieb., C. confusum Woron.

e\ ( irossh., ( .. meyeri
series Crinita Koso-Pol.

C. crinitum
scries liulhosa Koso-Pol.

C, bulbosum
Species not considered by Schischkin (1950b):

C. uflanticum, C. azoricum, C. byzantinum. C.
eoloratum L., C. creticum Boiss. & Heldr., C.
elegans, (V. hakkiaricum Hedge cK Lamond, C.
heldreichii Orph. ex Boiss., C. leucolaenum
Boiss., C. lihunoticum. C. macropodum. C.
magellense, C. nivale Hedge & Lamond, C.
procutnbens % (',. reflexum Lindl., C. tairUurieri,
C. rillarsii. C. rillosum DC.

Osmorhiza Kaf. (Lowry & Jones, 1 984)
Subgenus Osmorhiza

section Osmorhiza
(). aristata, 0. claytonii, (). longistylis

section Mexicanae Constance & Shan ex Lowry
& A. (,. Jones
0. mexicanu [subsp. me.xicana, subsp.

bipatriata\. (). brachypoda, 0. glabra la Phil.

e ior
our earlier ITS study due to a lack of sufficient
material.

Materials  and  Mkiiiods

TAXON SAMPLING
The taxa examined were chosen to achieve near-

ly complete overlap) between morphological and ITS
data matrices. In total, 91 taxa were analyzed, with
89 taxa included in both matrices. The ingroup, or
subtribe Scandicinae, was represented by 58 ac-
cessions belonging to 15 genera. The monotypic 7b-
daroa was not included as its affinity to Scandici-
nae has only recently been confirmed (Downie et
al., 2000c). Anthriscus, Chaerophyllum, and Os-
morhiza were broadly sampled in order to verify
their infrageneric divisions. Sub tribes Daucinae
and Torilidinae, forming close outgroups, were rep-
resented by six and three species, respectively. Ad-
ditional outgroups represented other major lineages
of umbellifers or encompassed taxa that had been
previously excluded from Scandicinae based on
molecular data, i.e., Grammosciadium\ Rhahdoscia-
dium, and Ruhon. The genus Ruhon, formerly rec-
ognized in Athamanta, was recently reinstated
(Downie et al., 2000a). Two species included in the
morphological analysis, Rhopalosciadium stereoca-
lyx Rech. f. and Chaerophyllopsis huaui H. Bois-
sieu, were not sampled in our ITS study (Downie 4
et al., 2000a). The first species is known only from
the type gathering, and we have not found any good
quality material of the second one.
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MOLECULAR  DATA  ated,  saving  only  five  shortest  trees  from  each
search. These trees were then used as starting Irees

We considered 89 of the 134 accessions from our for - RR bmnch swapping Tne search was stopped
prior study (Downie et al., 2000a; Table 3), with no when |he number of trees reac hed the memory limit
additional sequencing of the ITS region undertaken of ]6{m The strict consensus tree was used as a
as part of this study. Initially, ITS1 and 1TS2 se- topo [ ogical const raint in a subsequent search using
quences were aligned using the program CLUSTAL (he inverse constra j nl method of Catalan et al.
V (Higgins et al., 1992) and manually adjusted ^997). Th j s time, 1000 heuristic searche
where necessary. The sequences of the intervening tiate(J saying ()nly thoge treeg |hat (|i() not (i , the
5.8S subunit were not included as they were in- constraint tree ( no more than two trees per re plicate
complete for several taxa and those that were avail- wefe sayed) Because al] trees f oum ] were l onger

s were un-

able were not variable enough to justify their in-
clusion  or  additional  sequencing.  GenBank

than those most parsimonious, this then suggested
that the strict consensus tree summarizes all pos-

accession numbers of separate ITS1 and ITS2 se- gible topo i ()  ̂es f trees at that length, even though
quences are provided in Table 3. The aligned ma- their exact number is not known.
trix is available upon request from either author. Distance trees were obtained from neighbor-join-

MORPHOLOGICAL DATA
ing analyses using PAUP* 4.0, estimated using Ki-
mura's (1980) two- and three-parameter, Jukes-

TT  ,  .  4  .  ,  i,  •  i  f  .i  r  i  Cantor,  and  maximum  likelihood  distanceHerbarium  material  was  obtained  from  the  tol-  T  ,  .  .  ,  i  r
,  .  .  .  .  u  ur  UM  tr  II  i  vu\  measures.  Heuristic  searches  using  the  criterion  ollowing  institutions:  H,  HC,  BM,  E,  IM-,  KKA,  °  .
KRAM, L, MO, P, W, WA (abbreviations according minimum evolution were also carried out using

IT  !  '  '  ,*  i  9  nnn\  c  a  »c  *•  neighbor-joining  trees  and  a  variety  of  distanceto  Holmgren  et  al.,  1990).  Specimen  identifications  h  j  &  /
r  j  •  ii  a  ,  ;™™~.  ,„.  measures.  Bootstrap  analyses  were  performed  usingwere  verified  using  several  keys,  the  most  important  ■  ,  ,  •  .  ™  iCJ  l/\/\  _  1  _*  .  1  ^J.^.*.-  *-,-"_*,-.  w.rilU  kl  1  lw__-l  tT-__i__i£_'  t  __  »  r

>/ 100 resampled data sets, with 50 best trees per
rr*  i  <r\  •  i  n7o\  lv  j  •  iw  i.-.  ~.  „i  replicate  saved.Turkey  (Davis,  1972),  Hora  Iranica  (Hedge  et  al.,  t-

yfthe USSR (Schischkin, 1950a). Morphological data were analyzed using botl
l^O*/, ClIlV- 1 M/# I* KJJ KH, _/*_*»__ 1. V -^^.__- J v,_x.__._, _. ̂,._-**,.--  _-  n  i  •  i  A  .i  •  t  i  _•  maximum  parsimony  and  distance  methods  avail-\oy  (reocarvum,  Osmorhiza,  and  Anthriscus,  their  \  JJ  .  .  wf  *  «  i  low.  able  in  PAUP*  4.0.  For  the  maximum  parsimonyrespective  revisions  were  used  (Engstrand,  1977;  i_iitipau<s
Lowry & Jones, 1984; Spalik, 1997). analysis, TBR branch swapping, with MULPARS

Z/  .  /  •  ,  ,  •  '  xaa  \\  __«_#_.  and  STEEPEST  DESCENT,  was  employed.  OneThe  morphological  matrix  comprised  44  discrete  '  .  .  .  j
.  .  i  ,.  oa  i  •  o  u:  f.*„  ,„l  hundred  heuristic  searches  were  initiated,  savingcharacters,  including  24  binary,  9  multistate  and  --,

,  ,  ,  ,-  i-  i  /a  r  i  jo\  on  y  five  shortest  trees  from  each  search.  Ineseunordered,  and  II  ordinal  (Appendices  1  and  2).  u  v  .
..  ,  ,  !  i  i  +  i  u  *  »i  »  trees  were  used  as  starting  trees  tor  I  BK  branchAs  ordinal  we  declared  only  those  characters  that  ,  .  i  i  _i

,  ,.  ,  ,  i  /•  .i  .i  .  •  swapping.  Ihe  search  was  terminated  when  thecan  be  unambiguously  ordered  (i.e.,  those  that  ei-  ,  r  L  _j  *u„  „  i;™;i  -I
ther coded measurements or, for three-state char-
acters, those in which one state was apparently in-
termediate  between  the  other  two).  Chosen
characters represented life history and vegetative
morphology (1-6), bract and braeteole morphology

number of  trees reached the memory limit  of
16,000. Distance trees were constructed using
neighbor-joining and minimum evolution methods
using mean and total character differences.

In the analysis of the combined ITS and mor-
,n  ion  -a  u-*  .  ha  on\  fl»r,1  phological  data  set,  vvc  included  morphological  data(7-13),  inflorescence  architecture  (14-zO).  floral  r  .  ,  7  •  ,.  7  i  r  i  i  j

(27-4-4) for Rhopalosciadium stereocalyx and Chaerophyl-
^  t  i  i  •  i  ,  •  ,•  ,„_.-_.  /op.s/.s  ftuazu.  Because  these  species  were  not  m-Character  polymorphisms  and  uncertainties  were  /  f  .
,.  .  ii-  a  ^a"  **ii"  i;««  .n  cuded  in  our  prior  study  (Downie  et  al.,  ZOOOa),distinguished  using  the  ()  versus  {}  coding  op-  *  >\

tions available in PAUP* 4.0 (Swofford, 1998).

i>hylo<;knktm: analysks

ITS data were not available and therefore these
characters were scored as missing. For parsimony
analysis, the search strategy was the same as for
the separate analysis of ITS data. Distance methods

For maximum parsimony analysis of ITS se- comprised neighbor-joining and minimum evolution
quences, gaps were treated as missing data and with mean and total character differences selected.
character states were assumed unordered. Heuristic
searches, implemented using PAUP* 4.0, employed EVOLUTION OF MORPHOLOGICAL CHAHXCTKRS
tree bisection-reconnection (TBR) branch swapping
with  options  MULPARS  and  STEEPEST  DESCENT  To  evaluate  the  utility  of  morphological  charac-
selected. To locate possible islands of most parsi- ters in delimiting monophyletic groups and to as-
monious trees, 100 heuristic searches were initi- sess the degree of homoplasy in these characters,
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Table 4. Sequence characteristics of the two nuclear rDNA internal transcribed spacers, separately and combined.
for 89 representatives of Apiaceae subfamily Apioideae including 58 accessions of Scandiceae subtribe Scandicinae.

Sequence characteristic
Nucleotide sites

Spacer length variation (bp)
No. of total aligned positions
No. (and %) of aligned positions ambiguous
No. (and %) of aligned positions constant
No. (and %) of aligned positions autapomorphic
No. (and %) of aligned positions parsimony informative

Sequence divergence (mean and range in %)
All accessions
Subtribe Scandicinae only

ITS l

206-221
249

10(4)
64 (26)
30 (12)

145 (58)

18.4 (0-32.8)
11.8(0-22.9)

ITS2

203-229
243
6(2)

41 (17)
33 (14)

163 (67)

19.4 (0-37.3)
12.5 (0-23.1)

ITS1 & 1TS2

12 1 -444
492

16 (3)
105 (21)
63 (13)

308 (63)

19.0 (0-33.6)
12.2 (0-22.0)

we optimized them onto all  ITS-derived trees 16,000 minimal length trees, each 1746 steps long,
(whether maximum parsimony or distance) using with consistency indices of 0.404 and 0.376 (with
MacClade 3.07 (Maddison & Maddison, 1992). The and without uninformative characters, respectively),
tree that best explained the variation in morphology and a retention index of 0.748. Despite the high
was used to infer the number of evolutionary steps number of trees, the strict consensus tree is well
and consistency (CI), retention (Rl), and rescaled resolved (Fig. 1). At the suprageneric level, mosl
consistency (RC) indices of these characters. To branches are supported by high bootstrap values,
identify those characters that are most useful for The neighbor-joining tree, calculated using Jukes-
the definition of formally recognized taxa, and of Cantor distance (Fig. 2), is similar to the parsimony
genera in particular, we considered character state strict consensus tree with few notable differences
changes on the strict consensus tree resulting from (discussed below). Trees of nearly identical topol-
parsimony analysis of the combined data set.

Results

SEQUENCE ANALYSIS

ogy were obtained using other distance measures
(not shown).

All resultant parsimony and distance trees were
generally congruent to those obtained using a
broader sampling of Scandicinae and outgroup taxa

Due to the exclusion of some Scandicinae and (Downie et al., 2000a); the few differences observed
outgroup taxa, the length of the aligned ITS se- comprise minor rearrangements of some weakly
quences was shorter and the number of ambiguous supported clades. All major groups are similar to
sites lower than those values presented in our ear- those obtained previously and include four tribes
Her study (Downie et al.. 2000a). In this analysis (Scandiceae, Smyrnieae Spreng., Oenantheae Du-
of 89 taxa, the aligned matrix had 492 characters, mort ^ an( j Heteromorpheae M. F. Watson & S. K.
representing 249 positions from ITS1 and 243 po- Downie) and the "apioid superclade" (Downie et
sitions from ITS2. The alignment of 10 positions in a i  ̂2000b). Scandiceae are supported as monophy-
ITS1 and 6 positions in ITS2 were ambiguous, so letic ( wit ^ bootstrap values of 93% and 95%, in the
these regions were excluded from the analysis. The neighbor-joining and parsimony analyses, respec-
numbers of constant, autapomorphic, and parsi- tfvely) anc J include three lineages equivalent to
mony-informative positions were similar for both su btribes Scandicinae, Daucinae, and Torilidinae
spacers (Table 4), and the ratio of terminal taxa (89)  ̂Figs j 2 ). Within Scandicinae, several additional
to informative characters across both spacers (308) dades are distinguished, corresponding to approx-
was 1:3.5. Mean sequence divergence values were imate generic aml j n frageneric categories (these in-
also similar for both spacers (18.4 and 19.4% for forma j groupg are identified by double quotes in all
1TS1 and ITS2, respectively), reaching a maximum ^ figure§ presented herein) .
of  33.6%  pairwise  sequence  divergence  for  com-  g^  tQ  ^  Q  ^  r  Scam]icinae  is  a  da(le  com  .
bined  ITS1  and  ITS2  data.  prising  f()ur  ^^  Athamanta,  Tmguarra,  Cono-

podium, and the monotypic Balansaea (which was
PHYLOGENETIC  ANALYSIS  OF  ITS  DATA  synonymized  with  Conopodium  by  Engstrand,

Maximum parsimony analysis of all 476 unam- 1973; Figs. 1, 2). Two species formerly recognized
biguously aligned positions resulted in more than in Athamanta — A. macedonica and A. della-cel-



278 Annals of the
Missouri Botanical Garden

lae — are excluded from this elade. The former is other Osmorhiza species. The two remaining mem-
now treated as Bubon macedonicum, whereas the hers of section Osmorhiza (0. claytonii and 0. Ion-
latter shows a close relationship with Daucus gist yl is) form the next branch, denoted as the 0.
(I)ownie et al., 2000a). The monophvlv of the elade claytonii group. The 0. berteroi group comprises
formed by these four genera is strongly supported most of the species, including 0. occidentalism the
(with 100% bootstrap values); however, the phylo- sole member of subgenus Glycosma. This species,
genetic relationships among its members are some- clearly distinct from other members of the genus

with respect to its leaf division, flower color, and
each monophyletic and form a weakly supported fruit morphology, is allied with 0. depauperata, al-
clade (denoted as the Athamanta group) according though with moderate bootstrap support (54% and
to the neighbor-joining analysis (Fig. 2), but this 68%, in distance and parsimony analyses, res pec -
relationship is not supported by maximum parsi- tively).

what ambiguous. Athamanta and Tinguarra are

mony (Fig. I). The Conopodium group (i.e., encom- The monotypic Myrrhis from Central Europe is
passing representatives of Conopodium sensu Engs- sister to East Mediterranean Geocaryum, although
trand, 1073) is not monophyletic. this relationship is not at all supported by high

PHYLOGKNKTIC ANALYSIS OF MORPHOLOGICAL
DATA

Parsimony analysis of morphological data result-

Within Scandicinae proper, Sphalleroearpus bootstrap values. The Kozlovia group is better sup-
forms an isolated branch and is variously placed in ported (54% and 71% bootstrap values for distance
Figures 1 and 2. The Chaerophyllum group is well and parsimony trees, respectively) and includes
supported and also includes the monotypic Myr- four Asiatic taxa: Irano-Turanian Kozlovia, Central
rhoides, although in some distance and maximum Asiatic Krasnovia, and both species of Himalayan
parsimony trees (not shown) Myrrhoides is sister to Neoconopodium.
Chaerophyllum. Those members examined from
Chaerophyllum form three suhclades, denoted as
the  C.  oureunu  C.  hirsutum,  and  C.  temulum
groups. These groups do not match the subgenera
traditionally recognized in Chaerophyllum (Table
2),  since the C. aureum elade includes rcpresen- ed in 9516 trees, each of length 427 steps, and
tatives of subgenera Chaerophyllum. Golenkinian- consistency and retention indices of 0.183 and
the, and Buniomorpha, whereas members of the C. 0.699, respectively. Resolution of its consensus tree
hirsutum and C. temulum clades are classified in (not shown) is poor. Anthriscus, Chaerophyllum.
subgenus Chaerophyllum. Of the nine series distin- Geocaryum, Osmorhiza, Myrrhis, Myrrhoides, Scan-
guished within  Chaerophyllum (Schisehkin,  dix,  and  the  Kozlovia  group formed a  single  1  polv-
1950b), five are monotypic. Of the remaining four, tomous elade, with only Scandix retained as mono-
two series, "Involucrata" and '"Aromatica" were phyletic. Neighbor-joining trees (not shown) showed
each represented in our study by two species.  a similar pattern in which the same genera were
These 1 series are 4 not supported by ITS elata.

Seven genera of Scandicinae be-long te> a "crown" not maintained. The tree- obtained using total char-
clade highly supported in both lives (Figs. L, 2) acter differences and minimum evolution (Fig. 3)
that is sister to Scandix. The relationships among was most congruent with those trees inferred from
the- members e>f this terminal elade, however, are ITS sequences. However, in this minimum evolu-
ambiguous. Anthriscus and Osmorhiza are each tion tree, neither Scandiceae nor any of its three
monophyletic, although bootstrap values supporting subtribes are retained as monophyletic?. The major-
the Anthriscus elade are le*ss than 50%. The infra- ity of Scandicinae form a elade that is sister te> a
generic classification of Anthriscus is only partly group comprising representatives of Daucinae and
supported, as section Anthriscus, represented by A. Torilidinae (the latter nested within the former), the
caucalis and A. cerefolium, is not monophyletic. All Athamanta group, the former members of Atha-
included members of section Cacosciadium (Rchb.) mania (Bubon macedonicum and A. de/la-cellae).
Neilr. form a elade (Figs. 1, 2). Interestingly, Lev- and Echinophora tenuifolia. In the ITS analyses,
antine /4. lamprocarpa, represented by an accession Bubon macedonicum and Echinophora tenuifolia
from Jordan, is grouped with European A. syivestris are placed in the apioiel superclaele (Figs. 1, 2).
subsp. syivestris, sampled from Russia, and not with Three genera of Scandiceae subtribe Scandicinae
the parapatric A. syivestris subsp. nemorosa, rep- (Sphalleroearpus, Conopodium, and Balansaea)* as
resented in this study by an accession from Turkey. circumscribed on the basis e>f molecular data, fall
Osmorhiza includes three lineages, with O. aristata, outsiele of the tribe' when only morphology is e on-
the only Asiatic member of the genus, sister te> all sielered. Sphalleroearpus is placed close te> Smyr-

groupeel together, but the' monophyly e>f some was
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nium, the latter a representative of tribe Smyrnieae el taxon Chaerophyilopsis is placed outside of Scan-
that in the distance analyses of ITS data is sister diceae and is sister to Apium.
to Scandiceae. Conopodium and Balansaea form a
separate clade with no near relatives. The close re-
lationship between the Ath a mania and Conopodium
groups, as indicated by the molecular analyses, is
not at all apparent.

KVOIJJTION OF MORPHOLOGICAL CHARACTERS

01 all the trees inferred from ITS data, the neigh-
bor-joining trees obtained using Jukes-Cantor dis-

Two species traditionally placed in Scandicinae tance or total and mean character differences best
that  were  not  included  in  our  earlier  molecular  explained  the  morphological  variation.  Their
analyses (Downie et al., 2000a), Rhopalosciadium lengths, as estimated using only morphological
stereocalyx and Chaerophyilopsis huairi, are also data, were each 547 steps (with CI of 0.143 and
placed outside of the subtribe. The first is sister to RI of 0.588). When morphological characters were
the clade of Torilis, Chaetosciadium, and Pseudor- mapped onto the neighbor-joining trees obtained
laya, all members of Scandiceae subtribes Torili- using Kimuras two- and three-parameter and 1a-
dinae and Daucinae (Fig. 3), whereas the second is jima-Nei distances, 548 steps were required: map-
sister to Petroselinum, with this clade placed within ping these characters onto the maximum parsimony
the apioid superclade. trees required from 549 to 572 steps. Not surpris-

Phylogenetic analysis of morphological data (Fig. ingly, the tree inferred from analysis of combined
3) shows that all genera of Scandicinae are mono- ITS and morphological data better explained the
phyletic. However, many of the subclades identified variation in morphological characters than any of
within Anthriscus, Chaerophyllum, and Osmorhiza the trees inferred from ITS data alone. Mere, upon
on the basis of ITS data (Figs. I, 2) are not sup- the removal of Chaerophyilopsis and Rhopaloscia-
ported upon consideration of morphology. The only dium, with no molecular data available for either,
exception is the C. hirsutum group. None of the only 501 steps were required (with CI of 0.156 and
clades  occurring  within  Chaerophyllum  coincide  RI  of  0.629).
with  the  subgenera  recognized  by  Schischkin The number of steps and consistency, retention.
(1950b). In Anthriscus, neither section Cacoscia- and rescaled consistency indices of morphological
dium nor section Anthriscus (including A. caucalis characters estimated on the Jukes-Cantor/neighbor-
and A. cerefolium) are monophyletic. In Osmorhiza, joining tree inferred from ITS data are presented in
morphology supports the isolated position of 0. or- Table 5. Most rescaled consistency index values are
cidentalis (subg. Glycosma) and the monophyly of lower than 0.2, with only six characters having a
(he subgenus and section Osmorhiza. All species value greater than 0.3. These six characters all rep-
retained in Athamanta by Downie el al. (2000a) are resent fruit morphology, and include the presence/
grouped together and placed close to Tinguarra; absence of a pedicel-like appendage (character no.
however, this clade also encompasses the former 32, Appendix 1), the shape of the primary ridge
members of Athamanta (i.e., Bubon macedonicum (35), the presence/absence of secondary ridges
and A. della-cellae).

phylo<;enktk: analysis ok combimkd data

Maximum parsimony analysis of combined ITS
and morphological data resulted in 544 trees, each

(38). the appearance (42) and texture (43) of the
cuticle, and the color of the epidermis (44). Among
the most homoplastic characters are reproductive
strategy (1) and leaf division (3). We point out here
that these two characters are often diagnostic at
infrageneric levels.

Those 1 1 characters that are most useful for de-of length 2272 steps, consistency indices of 0.345
and 0.321 (with and without uninformative char- limiting certain lineages were mapped onto the con-
acters, respectively), and retention index of 0.717. sensus tree obtained from the analysis of combined
The topology of their strict consensus tree (Fig. 4) data (Fig. 4). To facilitate mapping, the coding of
is similar to that obtained using only molecular data three ordinal characters was simplified: states "in-
(Fig. 1); notable differences include the positions cised" and "pinnate" in character 10 for bracteoles,
of Geoearyum and Myrrhis, and of Balansaea and states "reduced" and "absent" in character 21 for
Conopodium (the Conopodium clade). In Figures 1 sepal presence, and states "obsolete" and "short"
and  2,  Geoearyum and  Myrrhis  are  sister  taxa,  in  character  34  for  beak  length  were  each  com-
whereas in Figure 4 Geoearyum is sister to the Ko- bined. The polymorphism exhibited in character 36
zlovia group while Myrrhis is sister to Osmorhiza. for primary ridge indumentum was scored as an
The  new  addition  Rhopalosciadium  is  sister  to  additional  state.  Based  on  morphology,  neither
Chaetosciadium (Torilidinae), while the second nov- Scandiceae nor any of its three subtribes can be
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Anthriscus sytvestris nemorosaAnthriscus schmalhausenii
Anthriscus sytvestris fumarioidesAnthriscus caucalis
Anthriscus cerefolium
Anthriscus kotschyiNeoconopodium capnoides
Neoconopodium laseroides
Krasnovia longiloba
Kozlovia paleacear Geocaryum macrocarpum
Myrrhis  odorata •  ■  •Osmorhiza occidentalis
Osmortiiza depauperata
Osmorhiza brachypoda
Osmorhiza purpureaOsmorhiza berteroi

sectCacosciadium Anthriscus

"O. berteroi

100

94 100
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100
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96
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Scandix iberica
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Scandix stellata
Chaerophyllum aromaticum —
Chaerophyllum atlanticum
Chaerophyllum azoricum
Chaerophyllum bulbosum

r Chaerophyllum astrantiae
Chaerophyllum macrospermum

r Chaerophyllum byzantinumL Chaerophyllum libanoticum
- Chaerophyllum khorassanicum
- Chaerophyllum macropodum
- Chaerophyllum crinitum
- Chaerophyllum aureum
- Chaerophyllum meyeri

69 r Chaerophyllum elegansrL Chaerophyllum hirsutum
Chaerophyllum magelfense
Chaerophyllum villarsii
Chaerophyllum procumbens
Chaerophyllum tainturieri
Chaerophyllum temulum
Myrrhoides nodosa
S p ha lie roc a r pus gracilisAthamanta cretensis
Athamanta turbith
Athamanta sicula
Tinguarra cervariifolia
Tinguarra montanaBalansaea glaberrima
Conopodium ramosum . . . .Athamanta della-cellae
Pseudorlaya pumilaDaucus carota
Laserpitium hispidum
Oriaya grandifloraLaserplium petrophUum
Chaetosciadium trichospermumTorilis nodosa
Caucalis platycarpos . . . .Lecokia ere tic a
Smyrnium olusatrum . . .Cicuta virosa
Sium latifolium
Grammosciadium macrodon
Grammosciadium platycarpumGrammosciadium daucokfes
Grammosciadium pterocarpumCarum carvi
Rhabdosciadium aucheri
Falcaria vulgarisElaeosticta aUioides
Scaligeria moreana
Bunium elegansBubon macedonicum
Pimpineta peregrine
Heracleum sphondyliumPastinaca sat/va
Echinophora tenuifolia sibthorpiana

§§_r Apium graveolensPetroselinum crispum . . .

m O. claytonii
O. aristata

"Kozlovia"

Geocaryum
Myrrhis

Osmorhiza

Scandix CD03

"C. aureum"

O

03O

Chaerophyllum

C. hirsutum

"C. temulum"
Myrrhoides

Athamanta

Tinguarra
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Daucinae

99 Torilidinae
{ Smyrnieae  |
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apioid
superclade

Heteromorpha  arborescens  Heteromorpheae

Figure 1. Strict consensus of 1(>,(KM) minimal length 1746-step trees derived from equally weighted maximum
parsimony analysis of 89 nuclear rl)NA ITS sequences from Scandiceae suhtrihe Scandicinae and outgroups (CI ex-
cluding lin informative characters = 0.376; Kl = 0.748). Bootstrap values are indicated along respective nodes. Com-
plete taxon names including ranks of infraspecific taxa are provided in Table 3. Bolder brackets at far right indicate
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THK UTILITY OF MORPHOLOGICAL CHARACTERS LOR
PHYLOGKNKTIC INFERENCE

unambiguously defined. Most genera of Scandici- not shown on the tree) with a predominantly lateral
nae have reduced sepals, and several genera are position of umbels (16, not shown); however, these
also characterized by an areolate fruit epidermis character states are highly homoplastic and are also
with a shiny aculeate cuticle. Secondary ridges ap- characteristic for Myrrhoides nodosa. There is no
pear twice, in Daucinae and in Torilidinae (Fig. 4); single character state that separates the C. aureum
alternatively, they were gained in the common an- group from the other members of Chaerophyllum.
cestor  of  Scandiceae and subsequently  lost  in
Scandicinae (not shown). The genera of Scandici- DISCUSSION
nae are usually well delimited although sometimes
only on a set of homoplastic characters that may
include plesiomorphies. For instance, the Atha-
manta group, which includes representatives of Our study confirms that morphology is of limited
Athamanta and Tinguarra, is well separated from value for estimating phylogenetic relationships in
its sister Conopodium group, but only by those Apioideae, at least at higher taxonomic levels. Such
characters that have evolved in the latter (e.g., re- a conclusion is not surprising given the common
duced sepals, no primary ridge indumentum, and dissatisfaction among botanists with diagnostic
globose tubers). Chaerophyllum may be defined by characters used in the taxonomy of umbellifers
its broad rounded primary ribs; this character state (e.g., Heywood, 1971, 1982). Katz-Downie et al.
is, however, homoplastic since it also appears in (1999) showed that cotyledon shape, pollen mor-
three species of Scandix and in Carum and Gram- phology, and stomata types that had been evoked
mosciadium, the last two genera now placed in the to support the classification system of Cerceau-Lar-
apioid superclade, although Grammosciadium was rival (1962, 1963, 1965; also Guyot, 1971; Guyot
once  recognized  in  Scandiceae  and  regarded  as  et  al.,  1980)  do  not  separate  major  lineages  in

Apioideae identified using molecular data. Our
top of fruit but obsolete below and deprived of dis- analyses indicate that those commonly used mor-
tinct indumentum unambiguously delimit Anthris- phological markers related to habit, life history
cus. A unique feature of Osmorhiza is a pedicel- strategy, and reproductive traits are also highly ho-
like fruit appendage which is, however, lost in 0. moplastic. These characters are all subject to strong

selective pressures; hence different lineages may
Scandix, which is also characterized by incised or have reached similar adaptive peaks. Bell (1971)
pinnate bracteoles. Similar bracteole types also oc- pointed out that the inflorescence architecture and
cur in Daucus, Pseudorlaya, and Grammosciadium. floral morphology of umbellifers, generally consid-
Apart from the Conopodium group, globose tubers ered unspecialized, may in fact constitute adapta-
also characterize the Kozlovia group and Geocar- tions to a specific set of pollinators, while Webb
yum; outside Scandicinae, they are found in Bun- (1981) discussed the adaptive significance of an-
ium (and several other taxa not considered in this dromonoecy and protandry. Jury (1986) underlined

closely related to Chaerophyllum. Ribs angular al

occidentalis. A long beak is synapomorphic for

study). similarities in habit, inflorescence, and floral traits
Generally, we have not found any unambiguous of annual members of Caucalideae (i.e., subtribes

character that would define subclades in Anthriscus, Torilidinae and Daucinae, in part). Another exam-
Chaerophyllum, and Osmorhiza, although section pic of the close connection between morphology
Cacosciadium and the C. hirsutum group each unite and ecology is the diversification of Anthriscus
species that  are so morphologically  similar  that  (Spalik,  1996,  1997),  which fits  to Grime's (1988)

h is sometimes treated as a single polymorphic model of three primary ecological factors, i.e.,eacn
species. Members of the C. hirsutum group are stress, competition, and disturbance, with the re-
characterized by ciliate petals (character no. 24); spective strategies being stress resistant, compcti-
however, single hairs at petal margins also occur in tive, and ruderal. Different fruit outgrowths such as
C. crinitum and are characteristic for Osmorhiza wings, spines, hairs, etc., are usually explained by
and some members of the Athamanta group. The different strategies of fruit dispersal. For example,
C. temulum group includes monocarpic species (1, it has been suggested that in heterocarpic members

tribal and subtribal divisions identified by Downie et al. (2000a, b). Subclades identified in Scandicinae are also
bracketed and are further described in the text. Names of informal groups are enclosed with double quotes to distinguish
them from formally recognized taxa.
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Figure 2.
..'..'.'.'.'.'.'.'.'.'. Heteromorpheae

Neighbor-joining tree inferred from 8<) nuclear rl)NA ITS sequences from Scandiceae suhtribe Scandi-
cinae and outgroups. Branch lengths arc proportional to distances estimated from the Jukes-Cantor method (note scale
bar). Numbers denote bootstrap values lor particular nodes; only those > 5() c /( are indicated. Complete taxon names
are provided in Table l\. All bracketed groups correspond to Figure I.
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of subtribes Torilidinae and Daucinae, spiny fruits oxalate crystals in the aerenchymatic tissue sur-
are adapted for long-distance dispersal while naked rounding the carpophore. He placed in subtribe
ones are to maintain the local population (Jury, Scandicinae those members of the tribe having ob-
1986). Similar heterocarpy has been independently long fruits with no secondary ridges. However, sev-
acquired  in  Scandix  australis  and  S.  turgida  in  eral  species  correctly  assigned  to  Scandicinae  by
which not only the central fruit may be different Drude, such as some members o( Chaerophyllwn,
from the peripheral ones but the mericarps are het- actually lack these crystals (Calestani. 1905: Koso-
eromorphie, the inner being smooth while the outer Poljansky, 1916). Drude's system, therefore, was
is bristled (Hedge & Lamond, 1972c; K. Spalik, probably intuitive and based on multiple characters
pers. obs.). rather than on single diagnostic characters. It

The traditional emphasis on fruit characteristics seems that Calestani (1905) tried to follow strictly
for delimiting taxa in Apiaceae has found some the rule of logical division, for he separated those
confirmation bom our analyses. Of the II charac- species of Chaerophyllum that did nol have calcium
ters examined, 6 from fruit morphology are most oxalate crystals in the commissure. However, his

classification was not much better than that of Dru-
include such long-used characters as shape of the de, and in the case of subtribe Scandicinae much
primary ribs and the presence of secondary ribs. inferior.

congruent with the ITS-derived phylogenies. These

This result was anticipated as our previous molee- Character coding may be another factor leading
ular analyses confirmed that most genera of Scan- to poor resolution. Morphological characters can be
dicinae are monophyletic (Downie et al., 2000a), quite variable, and the typology developed for one
thus suggesting that they were correctly identified taxon is often ineffective for another. When al-
as natural groups on the basis of fruit morphology. tempting a broader analysis and adding outgroup
Other characters have generally appeared unreli- taxa one has to either mark many characters as
able for delimiting taxa. The majority of infrage- inapplicable or exclude them altogether, thus losing
neric divisions traditionally recognized in Chaero- resolution at lower taxonomic levels. It is often dif-
phyllum and Osmorluza, erected on the basis of life ficult to establish homologies, hence one gets either
history, inflorescence architecture, floral morphol- a few dubious but potentially more phylogenetically
ogy, and vegetative characters, are not supported, informative states or many unequivocal but often
while newly identified divisions inferred from mo- autapomorphic and phylogenetically useless states,
lecular data find little confirmation from morphol- For instance, Reduron (1982) developed a detailed

typology of petals of umbellifers, but in fact these
Its of the combined analysis, however, types were selected from a continuous spectrum of

ogy.
The resuus

show that morphology may be useful at lower tax- shapes and sizes. Moreover, in species with zygo-
onomic levels. Adding morphological characters to morphic flowers, several types may occur on a sin-
the molecular data did not substantially change the gie plant. Similar difficulties arise with fruit and
topology of resulting trees but increased the reso- leaf shapes. When adapting such typologies for
lution and bootstrap support for those terminal phvlogenetic analysis, there is a danger of "wishful
nodes where molecular data alone were inconclu- thinking," i.e.. unintentional perceiving and con-
sive (such as within the Athamanta and Conopo- secutive coding character states in such a way as
dium c lades). to confirm one's ideas on phvlogenetic affinities be-

Since members of Scandicinae do not share any tween taxa. Given the subtle differences seen be-
apomorphic characters, it is surprising that the af- tween some character states in our analysis we may
finity of its included taxa has been recognized, giv- have succumbed to this delusion too. For the mor-
en that most early botanists were followers of Ar- phological analysis of Scandicinae. our departure
istotie's (and Linnaeus's) downward classification by point was a study of Anlhriscus (Spalik. I ( )%.
logical division using a limited number of charac- 1997), and this inevitably influenced the choice
ters rather than Adanson's multi-character upward
grouping based on similarity (Mayr. 1982). Their
attitude is exemplified by a perfect congruence be-
tween their classifications and keys. However, a
closer examination of the description and the con-
tent of subtribe Scandicinae in different accounts

and coding of characters thereafter.

M-.l IMIION OK SCAMMCINAK

Delimitation of tribes and subtribes on the basis
of morphological synapomorphies would sign if i-

reveals that the rule of logical division was not con- cantly speed up the reclassification of umbellifers
sistently applied. For instance, Drude (1898) de- by allowing preliminar) sorting of taxa prior to more
fined Scandiceae based on the presence of calcium costly molecular investigations. However, our anal-



284 Annals of the
Missouri Botanical Garden

Morphology
Total  character  difference

Minimum  evolution
Distance  10

63 ,
rtrA

Anthnscus s. sytvestrisAnthhscus nitida
Anthnscus lamprocarpaAnthhscus schmalhausenii

SI I Anthhscus s. nemorosa
Anthhscus s. fumahoidesAnthhscus caucalis

sect. Caco-scfadium

Anthhscus cerefolium

62

Anthhscus kotschyi68 r— Osmorhiza berteroi
r-4 ^Osmorhiza depauperata. — I Osmorhiza purpurea

5eLr" Osmorhiza m. me x /can a
Osmorhiza m. bipathataOsmorhiza ahstata ~

Osmorhiza fongistylisOsmorhiza claytonu

sect.Anthriscus
sect. Caroides

Anthriscus

subg.Osmorhiza
+-sect.Osmorhiza

Neoconopodium capnoides
Neoconopodium laseroides
leocaryum macrocarpumKrasnovia bngifoba

Kozlovia pafeacca
Myrrh is odorata

Ba

Osmorhiza

92

Chaerophylium elegansChaerophyiium hirsutum
Chaerophyiium viHarsii

Chaerophyiium magellenseChaerophyiium aromaticum
Chaerophyiium aureum

byzantinum, . ibanoticumChaerophyiium atlanticum

Scandix ibehca
Scandix balansae
— Scandix pecten-venehsScandix steUata

"Kozlovia"
Geocaryum

Myrrh is

Scandix
I
"C. hirsutum"

72

Chaerophyiium azohcum
Chaerophyiium macropodum

Chaerophyiium macrospermumChaerophyiium khorassanicum
Chaerophyiium astrantiaeChaerophyiium chnitum

c
o• ^awta»
cCOaCO

"C. aureum"

Chaerophyiium bulbosum

87 {
Chaerophyiium meyehChaerophyiium temulum

Chaerophyiium procumbens
Chaerophyiium taintuheriMyrrhoides nodosa

'Chaero-
phyiium

"C. temulum"
Myrrhoides

Rhopalosciadlum stereocalyx
—4  —

Pseudohaya  pumila  DaucinaeTorilis nodosa
TorilidinaeChaetosciadium thchospermum

Caucalis platycarpos
55 r

r

57 {

Ohaya orandifhra
Laserpitium hispidum
Laserpkium petrophilum

uaucus carotar Athamanta cretensis— Athamanta turbith
Athamanta sicula

Tinguarra montanaTmguarra cervariifoliaBubon macedonicumAthamanta delia-cellae
Echinophora tenuifolia sibthorpiana

Daucinae

Athamanta

J
"Athamanta
Scandicinae-J

Daucinae
Heracleum sphondylium- Pastinaca sath/a

Pimpinella pereghnaApium graveolens
Petroselinum chspum

93

Carum carvi

Chaerophyliopsis huaui
Smyrnium  olusatrum  -  .  nSohallerocarpus  gracilis  SpnallerocarpusConopodium  ramosum  1  ~

Balansaea  glaberhma  |Cicuta virosa
Scaligeha moreana

c Scandicinae

Q2 i i Grammosciadium platycarpum— Grammosciadium pterocarpumGrammosciadium daucoides
sciadium macrodon

Bunium elegansElaeosticta allioides
Falcaha vulgaris

Rhabdosciadium aucheh
Lecokia creticaSium latifolium

\orpha arborescens
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yses suggest that such an aid for the umbellifer 1999). Bristles covering the ovary of Rhopaloscia-
taxonomist is unlikely. None of the morphological dium, as seen under high magnification of a dis-
characters that we have examined is synapomorph- secting microscope, are indeed similar to those ol
ic for Scandicinae, although the taxa included are Torilis, a member of Torilidinae sensu Downie et al.
generally similar and share many common features. (2000a), but different from those in Scandicinae.
Scandicinae may be defined generally by possess- Rhopalosciadium should therefore be recognized in
ing ovate to lanceolate and ciliate bracteoles, and subtribe Torilidinae. Given that the only collection
narrowly ovate to linear oblong, laterally com- of this taxon was found growing with Torilis, it may
pressed, beaked fruits lacking secondary ridges. just be an aberrant form of the latter.
Several members depart from this definition: for in- ChaerophyUopsis huaui is endemic to China.
stance Anthriscus kotschyi has non-ciliate bracte- Herbarium material of this species is very rare in
oles while many species of Chaerophyllum do not botanical collections, and we have seen only one
have a pronounced beak. Additional characters in- specimen (Yunnan, 26 July 1906, Ducloux 4565,
elude reduced sepals and the absence of oil ducts P) but this lacked mature fruits. Based on the anal-
in the petals; these characters, however, are not ysis of this incomplete specimen, this taxon should
found in basal Scandicinae, i.e., the Athamanta and be excluded from Scandiceae and transferred to the
Conopodium groups. An aculeate, areolate, and apioid superclade. Indeed, Pimenov and Leonov
shiny fruit epidermis and angular primary ribs ad- (1993) following Sheh and Su (1987) treated it in
equately demarcate "crown" Scandicinae (Anthris- subtribe Apieae.
cus, Geocaryum, Kozlovia, Krasnovia, Myrrhis, Neo-
conopodium, and Osmorhiza) from all other THE TAXONOMIC POSITION OF MONOTYPIC GENERA
umbellifers. Scandix may be identified as a closeJ
relative to this clade due to its aculeate and areo- There is general agreement that all taxonomic

categories, with the exception of species, are arbi-
ate  fruit  epidermis.  It  seems,  therefore,  that  among  .  f  ,  .  ,1  .  .  .  .  .  *  trary  and  apart  from  monophyly  there  ar e no uni-

notential  members  of  Scandicinae,  it  would  be  easy  ,  .  .  .  ,  .  ,  .,  i  ij  i  i:  ,-1  ,ii  .  «  „  i  i  versa!  criteria  by  which  they  should  be  distin-
to identify those that belong to the crown clade.
However, those related to Sphallerocarpus, Cono-
podium,  or  Athamanta  mav  not  readily  be  recog-  .  .  ,  rp.  ,  .  ,  ,  ,'  ;  '  v  liiv,  P'  a  y  an  important  role.  The  binomial  not  only  de-

guished. The Linnaean hierarchy oi names lias
been a tool for species recognition in vv Inch genera

nized as the members of the subtribe on the basis
of morphology alone.

PHYLOGENETIC AFFINITIES OF RHOPALOSCIADIUM AND
CHAKROPHYLLOPSIS

notes a particular species but also indicates its
closest relatives (i.e., congeners). As an aid to spe-
cies identification, monotypic genera arc therefore
useless and taxonomists should avoid creating them
unless they indeed represent isolated lineages sig-

5

based on its fruit indumentum, the genus was trans-

The monotypic genus Rhopalosciadium was de- nificantly distinct from their sister taxa. Of the 45;
scribed from Iran based on a single gathering and genera of Umbelliferae listed by Pimenov and Leo-
originally placed in Scandicinae, presumably on nov (1993), 41% are monotypic and 26% comprise
account of its linear fruits (Kechinger, 1952). Later, only 2 or 3 species each. Similarly, of the 16 genera

constituting Scandiceae subtribe Scandicinae, 7
ferred to tribe Caucalideae. Its closest relative was (44%) are monotypic (Table 1). Based on our coin-
thought to be Torilis,  with which the plant was bined study, the number of monotypic genera in
growing in the wild (Hedge & Lamond, 1980; Re- Scandicinae may satisfactorily be reduced, as only
chinger, 1987b). In our combined analysis (Fig. 4), Sphallerocarpus and Myrrhis represent isolated evo-
Rhopalosciadium was grouped with Chaetosciadium lutionary lineages.
in Torilidinae. The type material of Rhopaloscia- Contrary to the molecular analyses, which allied
dium stereocalyx at VI', the data source for this anal- Myrrhis odorata with Ceocaryum (Figs. 1, 2), the
ysis, has only immature fruits with obsolete primary combined analysis placed M. odorata sister to Os-
and secondary ridges. These ridges are also incon- morhiza (Fig. 4) in accordance with the relationship

Lospicuous in Chaetosciadium. a monotypic genus ap- proposed by
parently  nested  within  Torilis  (Lee  &  Downie,  pus  gracilis  occurs  in  the  Far  Fast,  in  contrast  to

arks Chaerophyllopsis and Rhopalosciadium, which were not available for ITS study. Brack*
ose provided in Figures 1 and 2; additional detail is provided within the Anthriscus and Os

ma i
those p

keted names are similar to
morhiza clades.
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Table 5. Number of steps (NS) and consistency (CI), retention (RI), and resoaled consistency (RC) indices of 44
morphological characters estimated by mapping these characters on a Jukes-Cantor/neighhor-joining tree inferred from
ITS sequences. Characters are listed according to descending RC values; character numbers refer to those presented
in Appendices 1 and 2.

Character

42. Cuticle appearance
44. Kpidermis coloration
32. Fruit appendage
38. Secondary ridges
35. Primary ridge shape
43. Cuticle texture
15. Umbel width
21. Sepals
41. Fruit indumentum
10. Rracteole division
36. Primary ridge indumentum
4. Lobe orientation

24. Petalmargin

Rracteole margin

37. Mericarp compression
8. Bract margin

33. Commissure
19. Central (lower
22. Sepal indumentum
2. Root

26. Oil ducts in petals
28. Crown of hairs at fruit base
29. Pedicel indumentum
31. Fruit shape
34. Beak
23. Petal incision

5. Shape of basal leaf lobes
6. Shape of cauline leaf lobes

II.
13. Rracteole shape
14. No. of umbellets in primary umbel
16. I'mbel position
3. Leaf division
7. Bracts

20. Outer (lowers
30. Pedicels of fruit
9. No. of bracleoles

12. Bracteole indumentum
18. Disc male flowers
25. Petal indumentum
27. Slylopodium shape

1. Reproductive strategy
1 7. Peripheral (lowers
39. Secondary ridge appendages
40. Tubercles at fruit surface

NS

2
2
2
2

10
3
2
7

24
7
9
8
9
7
4
9
9
6
9
9
9

14
25
17
12
10
16
22
10
12
15
38
25
15
8

35
17
9

II
29
II
2
3

12

CI
0.50
0.50
0.50
0.50
0.40
0.33
0.50
0.29
0.38
0.29
0.22
0.25
0.22
0.29
0.25
0.11
0.11
0.17
0.22
0.1 I
0.1 I
0.14
0.12
0.12
0.08
0.10
0.13
0.09
0.10
0.08
0.13
0.1 I
0.08
0.07
0.13
0.09
0.06
0.1 I
0.00
0.07
0.05
0.50
0.67
0.08

i;i

( >.96
0.96
0.88
0.86
0.89
0.93
0.50
0.82
( ). 58
0.64
0.79
0.63
0.71
0.50
0.50
0.81
0.72
0.50
0.30
0.62
0.62
0.48
0.60
0.59
0.68
0.47
0.42
0.57
( ). 53
0.66
0.41
0.37
0.44
0.67
0.30
0.33
0.4
0.27
0.38
0.44
0.38

RC
( 1.48
0.48
0.44
0.43
0.36
0.31
0.25
0.23
0.22
0.18
0.18
0.16
0.16
0.14
0.13
0.09
0.08
( ).08
0.07
0.07
0.07
0.07
0.07
0.07
0.06
0.05
( ).()5
0.05
0.05
( ).05
0.05
0.04
0.04
0.04
0.04
0.03
0.03
0.03
0.03
0.03
0.02

lapsus and Rhopalosc indium for which ITS data were not available. Numbers along nodes denote bootstrap values; only
those > 5<K7r are indicated. The morphological characters that are most useful for delimiting genera and suprageneric
lineages are indicated. Character numbers refer to those presented in Appendices 1 and 2.
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other Scandicinae, which have their center of distri- Allwrtia Kegel & Sehmalh., Trudy Imp. S.4Yterl>urgsk.
hution  in  the  Mediterranean  region.  This  East  Asi-  Sv^!"  5  '  (m  '  ™  78  '  ^  ^Vl^™^  m7  '

..  11  i  it  '  '  PK:  Albertui  paleaeea  Kegel  &  Sehmalh.
atic lineage may actually he represented by more Krasnoria Popov ex Schischk., Flora SSSK 16:591. 1950.
than one species, with one possible candidal! 4 being TYPE: Krasnovia longdobu (Kar. & Kir.) Popov ex

Sehischk. (hasionym: Sphallemcarpus longilobu*Meatia, which was included in Sphallerocarpus by
Koso-Poljansky (1910). In contrast, both molecular Kar. & Kir.).
,  i-  o\  j  ill  <i-  >\  l  •  i-  Neoeonopodium  Pimenov  &  Kliuvkov,  Fcddes  Kepert.  98:rig.  z)  and  morphological  (rig.  ,i)  analyses  indicate  '  lno  _  rrv  nL  ,  .,  J  J  ..  .  /  /r  .,  ./  r  11  i  ^  77  -  1987.  I  \  PK:  Neoeonopodium  eapnoides  (Dec-
that Myrrhoides is nested within Chaerophyllunu al- ne>) pj menov * Kljuykov (hasionym: Butima eap-
though in some trees (not shown) these genera con- noides Deene.).
stitute sister taxa. We therefore see no justification
for  separating  these  two  genera.  Such  a  treatment  is  i  ^  ■  ■  lU  i  e  c  l  h  \  i  •.  .?  ,.  !•  Kozlovia  paleaeea  (Kegel  c\  Sehmalh.)  Lip-not  novel.  Linnaean  Scandix  nodosa  L..  the  basio-  i  t  i  i  c  o  .  i  i  i>  *  c  i  oot  sky.  Irmly  Imp.  S.-reterburgsk.  not.  Sada  ZMnvm  of  Mvrrhoidrs  nodosa  (I)andv  cv  (iannon.  1968),  i  \,  mm\\  ah  r  i  u  i  p,.  Iw-  1904.  Albert  la  paleaeea  Kegel  <\was  earlier  transferred  to  Chaerophyllum  by  Grant/  c  i  u  tit  c  i>  .  i  in.1  •  Sehmalh.,  Irudy  lni|).  S.-reterburgsk.  not.

Sada  5:  606.  1878.  TYPF:  Uzbekistan.  Be-
tween  Karasu  and  Katty  Kurgan,  26  Apr.
1869, I). Fedehenko (lectotype, designated by
Vinogradova (1999), LF not seen).

Kven though we have not seen the Fedehenko

(1767) and recognized there by de Gandolle (1829.
1830). The correct name of this species in Chaero-

phyllum is therefore C. nodosum (L.) Grantz.
The relationships among basal Scandicinae are

obscure. Phylogenetic analysis of combined data
supports the monophyly of each of the Athamanta

elusion of Tmguurra into Athamanta should also be
considered but this transfer needs confirmation from

and Conopodium groups (Fig. 4), contrary to separate type specimen, we rely on the expert confirmation
analysis of ITS data (Fig. 2), where the latter is clear- of its status by V. M. Vinogradova. This lectotype
ly not monophylctie. Based on morphology, the in- for Alhertia paleaeea was chosen by her among her

discussion of Apiaeeae types at the Komarov Bo-
tanical Institute (Vinogradova, 1999) and later also

fruit anatomy. Halansaea was included in Conopo- confirmed to us (Vinogradova, pers. comrn.). In the
diunt by Kngstrand (1973), and although this finds revision of K. paleaeea for the Flora Iranica, Ke-
support from morphology (Fig. 3), the monophyly of chinger (1987a) indicated A. Kegel as the collector
Conopodium is not confirmed by our ITS analyses. of the type specimen; he did not, however, examine

The Kozlovia elade encompasses four species (A.. any type collections.
Kozlovia paleaeea differs from the other memberspaleaeea, Krasnoria longiloba, Neoeonopodium eap-

noides, and /V. laseroides) that are similar in habit of this genus in having leaves with broad and deep-
and closely related based on molecular data. Their ly lobed ultimate segments, ciliate bracteoles, and
geographic distribution also supports their close re- ovate fruits with primary ridges covered with prom-
lalionship. Kozlovia paleaeea and Krasnovia longi- inent hyaline bristles.
loha are Central Asiatic, with Krasnovia extending
northeast to China and Kozlovia reaching Afghan-
istan (Korovin, 1950; Schischkin, 1950c; Rechin-
ger, 1987a). Neoeonopodium has a Himalayan dis-
tribution; N. laseroides is western and occurs in
Afghanistan and Pakistan, while N. eapnoides is
eastern, occurring in Pakistan, Kashmir, and the
Indian Himalayas (Hedge & Lamond, 1980, 1987;
Pimenov & Kljuykov, 1987). The combined analy-
sis (Fig. 1) indicates that the Fast Mediterranean
Ceoearyum (which is also a geophyte) is sister to
this group. The morphological variation observed
within the Kozlovia clade is comparable to that ex-
hibited by Anthriseus or Chaerophyllum and, con-
sequently, a single genus should be recognized.

Kozlovia Lipsky, Trudy Imp. S.-Peterburgsk. Bot.
Sada 2:i: 146. 1904. TYPE: Kozlovia paleaeea

2.  Kozlovia  eapnoides  (I)ecne.)  Spalik  &  S.  K.
Downic. comb. nov. Basionym: Rutinia eap-
noides Deene., in Jacquem., Voy. Bot. 70: tab.
80. 1844. Chaerophyllum eapnoides (Deene.)
Bcnth., in Benth. & Hook, f., (Jen. PL 1: 898.
1867. Conopodium eapnoides (Deene.) Koso-
Pol., Bull. Soc. Imp. Naluralistes Moscou 29:
206. 1916. Neoeonopodium eapnoides (Deene.)
Pimenov & Kljuykov, Feddes Kepert. 98: 377.
1987. SYNTYPES: India. (Punjab?): between
Cereti and (rougoulgaon, 2400 in; Kashmir:
Ouri and INouchaira, banks of the Djhelone,
1980 m. Jacquemont 30H (K not seen; P not
seen), 920 (P not seen).

In their discussion on Asiatic Scandiceae, Hedge
and Lamond (1980) revised this species, placing it

(Kegel & Sehmalh.) Lipsky (basionym: Albertia in Chaerophyllum. Both in thai revision and in a
paleaeea Kegel & Sehmalh.). later treatment for the* Flora Iranica (Hedge et La-
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mond, 1987), they assigned both Jacquemont syn- umbel lifers (Spalik, 1997). For instance, characters
types to K. capnoides. that support the monophyly of section Anthriscus,

Kozlovia capnoides differs from the other species such as weak protandry, short and straight styles,
in having leaves with entire, oblong ultimate seg- and an annual life history strategy, are also typical
merits and oblong-cylindrical glabrous fruit; s w itl for other annual monocarpic umbellifers (Jury,
occasional delicate bristles along primary ridges. 1986), and may be interpreted as adaptations to

disturbed habitats (Spalik, 1996). Therefore, sec-
3.  Kozlovia  laseroides (Hedge & Lamond)  Spa-  tion Anthriscus is  likely  polyphyletic,  and A.  cere-

lik  &  S.  R.  Downie,  comb.  nov.  Basionym:  folium  should  be  placed  in  a  monotypic  section
ChaerophyUum laseroides Hedge & Lamond.
Notes  Roy.  Bot.  Card.  Edinburgh  38:  252.
1980. ChaerophyUum aquilegi folium Rech. f.

Cerefolium (Fabr.) Neilr. (Neilreich, 1859). Based
on analysis of partial ITS data, a third member of
section Anthriscus, A. tenerrima, is sister to A. cau-

lk Riedl, Dan. Biol. Skr. 13, 4: 44. 1963, nom. calis and should therefore be retained in this sec-
illeg., non Koso-Pol. 1916. Neoconopodium tion (K. Spalik & S. Downie, unpublished data).
laseroides (Hedge & Lamond) Pimenov & Although the monophyly of section Cacosciadium
Kljuykov,  Feddes Repert.  98:  378.  1987. has been confirmed (Figs.  1,  2),  the affinities among
TYPE: Afghanistan. Nuristan: Pech (Parun) its members are not unambiguously resolved. This
Valley between Chetras and Wama, Kerstan section comprises four species (A. sylvestris, A. ni-
851 (holotype, W not seen; isotype, HAL not tida, A. lamprocarpa, and A. schmalhausemi) and
seen  \  all  were  included  in  the  present  study.  Anthriscus

sylvestris is further divided into four subspecies
The Kerstan holotype was verified by Hedge and (R e( l lir0 n & Spalik, 1995; Spalik. 1996. 1997) but

Lamond (1980, 1987) for the revision of this spe- tw() () j t | iese su l )S p ./'
cies for the Flora Iranica.

mate segments and oblong-cylindrical fruits cov- questioned (Th
ered with antrorse bristles.

rioides, have been previously recognized as good
Kozlovia laseroides differs from its congeners in spec . ies (Cannon, 1968). In contrast, the specific

possessing leaves with ovate and petiolulate ulti- gtatus ()f A nitida and A lamprocarpa has been
'Hung, 1926; Hedge & Lamond.

1972b). Spalik (1996) suggested that A. sylvestris is
paraphyletic with respect to A. nitida, A. lampro-

4.  Kozlovia  longiloha (Kar.  &  Kir.)  Spalik  &  S.  carpa,  and A.  schmalhausenii,  the  latter  three  spe-
R. Downie, comb. nov. Basionym: Sphallero- c j es likely evolving through speciation of isolated
carpus longilobus Kar. & Kir., Bull. Soc. Imp. peripheral populations of the former. These three
Naturalistes Moscou 14: 432. 1841. TYPE: species seem to be well separated from the A. syl-
Kazakhstan. Tarbagatai Mts., by Dschanybek ves tris complex both by qualitative and quantitative
river,  1840,  Karelin  &  Kirilov  s.n.  (LE  not  characters,  while  there  is  no  morphological  hiatus
seen, checked by V. M. Vinogradova, pers. between other taxa from this group; consequently,
eornm.).

The identity of the type of this species was con-
firmed to us by V. M. Vinogradova.

Kozlovia longiloba differs from the other species
of this genus in having leaves with linear lobes and
ovate, tuberculate fruits.

ANTHRISCVS

the latter are recognized as subspecies or varieties
of A. sylvestris. Our previous ITS study also encom-
passed Asiatic and Last African representatives of
A. sylvestris: these were so similar morphologically
to the European plants that they all were included
in subspecies sylvestris (Downie et al., 2(M)()a).
However, these ITS data did not confirm this affin-
ity. Instead, a close relationship was suggested
among the European smooth-fruited taxa (i.e., A.

Our results show that neither morphology nor ITS sylvestris subsp. sylvestris, A. sylvestris subsp. alpi-
lata fully support the present classification of An- na, and 4. nitida), A. lamprocarpa, and a represcn-

thriscus, as section Anthriscus is not monophyletic. tative of A. sylvestris from northeastern Asia. An-
Phylogenetic  analyses  of  a  data  set  comprising  An-  other  clade  comprised  the  East  African  and
thriscus only, based on a larger set of morphological remaining Asiatic members of the A. sylvestris corn-
characters than that used here, confirmed the plex, suggesting a primary split of the distribution
monophyly of each of its three sections (Spalik, into northwestern and southeastern populations.
1996). However, the character states that identify The close affinity between Levantine A. lampro-
these sections, although unique when only Anthris- carpa, represented in our molecular study by one
CUS is considered, are quite common among other accession from Jordan, and the European popula-

(
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lions of ,1. sylvestris is not readily explained, as one count containing iiifrageiieric divisions is thai of
would expect the former to he related to either par- Schischkin (1950b), being mostly based on the
apatricA. sylvestris subsp. nemorosa from Turkey or work of koso-Poljansky (1916, 1920, 1923). The
Kast African representatives of subspecies sylves- names in these treatments, however, are problem-
tris. It has been suggested that ,4. lamprocarpa orig- atic. Koso-Poljansky (1910) did not explicitly in-
itiated from an isolated population of A sylvestris dicate nomenclatural types for his subgenera nor
subsp. sylvestris that may have reached the Middle did he provide species lists, while the* names of

ies introduced by Schischkin (1950b) were notEast from montane localities in North Africa, which
themselves may have originated from Iberian Pen- validly published as he did not provide Latin di-
insula stock when this area was covered with forests agnoses. Additionally, this treatment encompassed
during the Pleistocene (Spalik, 1990). An analysis only those taxa of the former Soviet Union, and
of North African.!, sylvestris could address this hy- hence some European. Asiatic, and American
pothesis. One may also postulate a more recent or- members of this genus were not considered (Table
igin of this species by the occasional introduction 2).
of A. sylvestris into the Middle Kast in antiquity and Schischkin (1950b) generally based his classifi-
es subsequent adaptive evolution. Anthrisrus syl- cat j ()n on v \ lU][ habit, but the content of his divi-
vestris is a competitivc-ruderal species (Grime et s j ()ns occasionally did not coincide with the indi-

cated diagnostic characters. For instance, although
his subgenus Buniomorpha was defined as encom-
passing plants with tuberous roots it also included
C. temuloides, a taxon now included in C. (tureitm.

This study does not answer the question as to which does not have such a root (Hedge & Lamond.

al., I9{{}{) that has been recently introduced into
North America; given the extensive trade exchange
in the Mediterranean region, such a scenario is
piite possible.(

how many species there are within the A sylvestris \9T2n). His subgenus Golenkinian ! I , e was defined
complex. Morphological differences suggest that | )V meni | )ers possessing fruits borne only l>v central
there are reproductive harriers among A. nUida, A. flowers, a feature that is also found in Crammos-
lamprocarpa, A. schmallmusenu, and A. sylvestris c i a <lium »m\ Echinophom. However, central perfect
(Spalik. 1996, 1997). However, other taxa included Howt . rs ()( . ( . u ,. pra( . li( . a H y itl a || spedes ()f Quiem-
in the latter, particularly montane populations Iron, phyUunh while in a m(l <ros[>ermum, the only spe-
\lrua and Asia, may also he reproduc lively isolal- ( . i( . s p , ace(| , )y Schischkin in suhgenus Golenki-

ly <leserve specd.c status despite their „„„„,„, , mj|s ma> a , S() , (e , )ome , )y m||n . p( . ri -. (l|
flowers, particularly those 4 of the primary umbels

slud\  of  (ieocurvum,  Kngstrand  (  1977)  demonstrat-  <\c  c^„ia  .*«..,  \  \  tl  I  :r  r  re  i-'  ,  .  .  .  lA-  ^pmik,  pers.  ohs.).  the  classitication  of  Nlns-

d I nueo am
ack ol good diagnostic features. In a biosvstematic

ed  by  means  of  hybridization  experiments  that  ^ul;«  nocnk\  u  .,  »  i  r  i  i  .i  •  .  i.  .  r  clikin  (lv.M)l>)  has  not  been  confirmed  by  tins  study.
many populations hitherto regarded as  eonspecific  i„  .•«.„!  i  wv »k  itc  j  (1  i  (1  ,i  .,  tv-  i  o\  i.  r  Instead,  both  ll>>  data  alone  (rigs.  I.  Z)  and  corn-are  partly  or  entirely  reproductivelv  isolated.  Con-  i  •  i  „  i  i  i  \  \  -  i  a  *  n?*  a\1  '  J  hined  molecular  and  morphological  data  (rig.  4)sequently,  instead  of  3  species  (Ball,  l%8).  he  rec-  •  ,  r  ,  .i  .  a  c  v  .  .  r  w;'.  r  v  '  indicate  that  there  are  four  distinct  lineages.  Weognized as many as 15. However, these taxa an
practically indistinguishable based on morphology.
Anthrisrus sylvestris  may well  represent  another  /a\  p

refer to these as ( I ) the C. temulum group, (2) the
C. hirsutum group, (3) the C. aureum group, and

such complex of cryptic species with different de-
nies of reproductive isolation. Contrary to main

noilosum < Mynhoides nodosa). These

g
groups of angiosperms, interspecific hybridization

dingly rare in umbcllifersis thought to be excee
(Hell, l ( )71). The example ol Geocaryum suggests,
however, that Apiaceae may not be exceptional.
Due to their obscure morphology many such cases
may simply escape the attention of laxonomists.

groups are not morphologically distinct enough to
justify their generic status, so we recognize them as
sections of Chaerophyllum. Our treatment is incom-
plete, as not all currently recognized species were
available for molecular study. Therefore, we do not
attempt a detailed revisionary study of this genus
but rather provide a framework for such studies in
the future.

ciiWRormuAu

Contrary to Anthrisrus and Osmorhiza, Cluiero-
h vllul>") h< t I.is noi nee 1 1 revised receniiv JI tlv. It is the

Chaerophyllum  L,  Sp.  PI.  258.  1753.  TYPK:
Chaerophyllum temulum L, Sp. PI. 258. 1753,
Herb. Linn. 365.3 (lectotype, designated by

most diversified genus in the subtribe and includes Reduron & Jarvis (1992), LINN not seen),
over  30  species;  hence  an  infragenerie  classifica-  Section  1.  Chaerophyllum  sect.  Chaerophyl-
lion  would  be  advantageous.  The  only  modern  ac-  lum
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Annuals or biennials. Umbels mostly lateral or has priority when these taxa are treated as conspe-
both lateral and terminal. Male (lowers absent or cific, and therefore it seems to be a better choice.
rare. Petals glabrous, non-ciliate. Fruits ovate, gla-
brous, rarely pilose

Chaerophyllum hirsutum has not yet been lec-
totypified. Of the extant Linnaean specimens of this

Species included: C. procumbent, C. tainturieri, species, those at LINN and S do not seem to be
connected with the entry in the first edition of Lin-C. temulum.

This section encompasses monocarpic species naeus's (1 753) Species plantarum. The original ma-
distributed in Europe (C. temulum) and in North terial available for lectotypification includes, there-
America (C. procumbens, C.  tainturieri).  Such a (lis-  fore,  two BM specimens (Herb, Clifford, 101:
junction is generally rare; most groups of vicarious Chaerophyllum 2 and 2Q)
species that occur both in Europe and North Amer- f ro m Morison (1699) cited in the protologue (C. E.
ica are also found in the Ear East (Meusel et al., Jarvis, pers. comm.). Linnaeus (1753) cited also a
1978), supporting the hypothesis that these species p l a t e from Hallers (1745) edition of Ruppius's Flo-
diverged from a once widespread common ancestor ra jenensis. However, in the second edition of the
with circumboreal distribution. The absence of rep- Species plantarum (Linnaeus, 1762), this plate is
resentatives of this clade from Asia suggests that referred to C. aureum. Since we have not had the
the North American species originated from an in- possibility to examine the original material, we in-
cidental dispersion of seeds from European stock, f ra j n f rom lectotypification of C. hirsutum.
probably by vagrant birds. American species differ
from their European cousin in the absence of male
flowers  and the almost  completely  reduced corollas,  Section 3.  Chaerophyllum sect.  Physocaulis
i.e., characters that are typical for self-pollinating
species

Section  2.  Chaerophyllum  sect.  Dasypetalon
Neilr.,  Fl.  Nied.-Oesterr.  645.  1859.  TYPE:
Chaerophyllum hirsutum L., Sp. PI. 258. 1753.

DC. Coll.  M£m. 5: 59. 1829. TYPE: Chaero-
phyllum nodosum (L.) Crantz, Class. Umbel I.
Emend. 76. 1767. Basionym: Scandix nodosa
E., Sp. PI. 257. 1753; Herb. Linn. 364.6 (lec-
lotype,  designated  by  Hedge  &  Lamond
(1987), LINN not seen).

Chaerophyllum sect. Rhynchostylis (Tausch) Calest., Web-
bia 1: 188. 1905. Rhynchostylis Tausch, Flora 17:

Densely setose annuals. Umbels mostly lateral.
Male flowers scarce. Petals setose, non-ciliate.

343. t834. Non Blume 1825. TYPE: Rhynchostylis Fruits ovate, setose.
hirsutus Tausch (Chaerophyllum hirsutum).

Perennials. Umbels mostly terminal. Male flow-
ers frequent. Petals glabrous, ciliate. Fruits oblong-
ovate to oblong.

Species included: C. hirsutum, C. elegans, C.
magellense, C. villarsii.

Chaerophyllum nodosum, the only member of
this section, differs from other species of Chaero-
phyllum in having setose fruits with very broad pri-
mary ridges. These ridges nearly touch each other,
and hence valleculae are inconspicuous and col-
ored similarly to the ridges: in contrast, these re-

r  fl  \  c  4  i  •  4  -  u  l  •  ju,  eions  are  often  of  different  color  in  other  species.I  he  members  of  this  section  are  morphologically  *  .  r
.  .,  .  ,i  /  „  T  i  ii  Illl(r  However,  fruit  indumentum  and  broad  ridges  aresimilar,  prompting  some  authors  (e.g.,  Ihellung,  D

,™^s  i  .1  .  r  r  V[  ,r  not  unique  to  C.  nodosum.  I  he  members  ol  section1926)  to  regard  these  taxa  as  conspecihc.  1  he  (lit-  t
ferences are indeed small and include mostly leaf Chaerophyllum may have pubescent fruits (al-
characters. All taxa are perennials and are char- though not setose), while the width of the ridges (as
acterized by distinctly ciliate petals. The impor- determined by the width of the vascular bundles)
tance of this character was stressed by Neilreich is quite variable in the genus (K.  Spalik,  A.  Wo-
rt 859) who divided Austrian species of Chaero- jewodzka & S. Downie, unpublished data).
phyllum into two sections, Leiopetalon, with gla-
brous petals, and Dasypetalon, with hairy petals. (

This monotypic section was first recognized by
le Candolle (1829, 1830) and raised to generic lev-

The first section comprised the type of the genus, el by Tausch (1834). Later, the generic name Phy-
and therefore it is synonymous with section Chaer- socaulis (DC.) Tausch was rejected by Dandy and
ophyllum. Neilreich (1859) included two species in Cannon (1968) in favor of the forgotten but earlier
section Dasypetalon, C. hirsutum and C. villarsii. Myrrhoides. The ITS and combined analyses place
but he did not specify its nomenclatural type. Both Chaerophyllum nodosum either as a sister to re-
species fully conform to the diagnosis of the sec- maining members of the genus or nested within it.
tion. Chaerophyllum hirsutum is an older name and supporting the treatment of de Candolle (1829).
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Section I. ( lliaeropln Hum sect. Chrysocarpuni though Hedge and Lamond (1987) indicated LINN
Spalik  &  S.  R.  Downie,  sect.  nov.  TYPK:  365.7  as  the  type,  it  is  probably  not  an  original
Chaerophyllum aureum L, Sp. PL ed. 2. 370. element for the name, as Linnaeus did not annotate
1762, Herb. Linn. 365.8 (original material. it as belonging to this species; LINN 365.8 may be
LINN not seen), plate 5 in Mailer (1745), (C. original material (G. E. Jarvis, pers. comm.); how-
E. Jarvis. pers. comm.).

A sectionihus Chaerophyllo et Physocaule r ad ice per-
enni vel hienni, a sectione h'iopetalone petalis non ciliatis
differt.

Biennials or perennials. Umbels mosly terminal

ever, this specimen probably does not represent C.
aureum as this species is currently recognized (J.-
R Reduron, pers. comm.). In the protologue. Lin-
naeus (1762) cited also plate 5 from Mailer (1745)
that is identifiable as C. aureum. We refrain from

„w  lwv*i,  •  ...  i  II*  i  \/t  i  a  '  ii  lectotvpification  of  this  name  until  we  examine  theor  both  terminal  and  lateral.  Male  (lowers  usual  I  v  .
present. Petals non-ciliate, usually glabrous, rarely extant herbarium material. In the first edition of the
I,.-  ,  l  ,,,;,  .  jj  n  „  ,  '  i-  i  •  l  ii  *  Species  plant  arum  (Linnaeus.  1  753),  some  earlierhany.  rruits  oblong-ovate  to  cylindrical,  glabrous,  f  ,  '
rarely pilose. references that are connected with C. aureum as

this species is now recognized were included either
Etymology. From chryso-, golden, and carpos, in C. sylvestre, the basionym of Anthriscus sylvestris

fruit, since many species in this section (including (Reduron & Spalik. 1995), or in C. hirsutum (e.g.,
the type species) are characterized by straw-yellow plate 5 in Mailer, 1745).
■  n,lls  -  With  no  molecular  data  available,  12  currently

Species included: C. aromaticum, C. astrantiae, recognized species remain outside this new classi-
C. utlanticum. C. aureum. C. azoricum. C. bulbos-
um. C. byzantinum. C. crinitunu C hakkiaricum. C.
khorassanicum, C. libanoticum, C. macropodum. C.

>/>
</<

■//.
macrospermum, C. meyeri, C. nivale. Two of these, sewn, C. rubellum, and C. villosum. These are ei-
C. hakkiaricum and C. nivale, were not considered tlier biennials with tuberous roots or perennials:

included based on our prior study hence it is unlikely thai thev belong to either sec-Ilerein but i
(l)ovvnie et al., 2000a).

Se Chrv.
tion Chaerophyllum or section Physocaulis. Neither

ysocarpum is morphologically and are they likely related to section Dusypetalon. since
ecologically diversified, and we were not able to all have non-ciliate petals. The most likely place-
find any single morphological feature separating it ment may well be in section Chrysoearpum. How-
from any other section of Chaerophyllum. Its mem- ever, some of these species may comprise addition-
bers differ from representatives of sections Chaer- al lineages. For instance, on the basis of anatomical
ophyllum and Physocaulis in their predominantly characters, three Last Mediterranean species were
perennial habit. Some species arc. however, bien- transferred by Galestani (1905) to Crammosciadium
nials and these may have tuberous roots (C. but- sect. Chrysophae (C. creticum, C. coloratum) and
bosum, C. crinitum). Several species have pubes- section Heldreichia (C. heldreichii). Rased on our
cent petals with hairs occurring also at the margin. preliminary analyses of morphological and anatom-
Such petals are superficially similar to those ciliate ical characters of the fruits, such a placement is
petals characteristic of members of section Dasy- unlikeb «K. Spalik & \. Wojewodzka. unpublished

(lata).

OSMOHIir/A

Of all the genera included in Seandicinae, ()s-

pettdon.
Maximum parsimony analysis (Fig. I) did not to-

tally resolve relationships within this clade; how-
ever, the affinities inferred from ITS data using dis-
tance methods are largely congruent with the
geographic distribution of these taxa. Neighbor- morhiza is exceptional in having a predominantly
joining analysis (Fig. 2) suggests a division into four New World distribution. It includes 10 species
major lineages; however, only one of these is sup- (with 9 considered herein), of which only 0. im-
ported by a high bootstrap value (88%). This lin- lata occurs in the Old World (Table 2). Osmorhiza

glabrata (not considered here) is restricted to the
central Andes, while the remaining 8 species are
distributed in North and Central America. Western

cage encompasses species that have a predomi-
nantly  European  distribution  (C.  aureum,  C.
bulbosum, C. azoricum, C. atlanticum, and C. aro-
maticum). whereas all other species in the section North America is considered the center of origin of
occur  in  the  Middle  Fast.  the  genus  (Lowry  &  Jones,  1984).  The  taxonomic

The type species of this section, Chaerophyllum division developed by Constance and Shan (1948)
aureum, has not been properly lectotypified. Al- and later modified by Lowry and Jones (1984) im-
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plies  that  the  earliest  branch  is  0.  occidentalis,  section  Osmorhiza  are  a  sister  group  to  a  clade
which constitutes the monotypic subgenus Glycos- formed by 0. occidentalis and representatives of
ma. Its distribution includes western North Amer- sections Mexicanae and Nudae. For this clade,
ica, thus supporting the American origin of the ge- southwestern North America seems to be the center
nus.  Subgenus  Osmorhiza  is  divided  into  three  of  distribution  and  origin.  The  results  of  the  ITS
sections: Osmorhiza, Mexicanae, and Nudae (Lowry (Figs. 1, 2) and combined analysis (Fig. 4), al-
& Jones, 1984; see Table 2). The first encompasses though contradictory to the conclusions inferred
Asiatic 0. aristata and two closely related species from morphology alone (Fig. 3), are no less congru-
from eastern North America, 0. claytonii and 0. ent with the phytogeographic data.
longistylis. These three species are so morphologi- The present subgeneric classification of Osmor-
cally similar that they are sometimes treated as hiza seems to be untenable. An alternative division
conspecific (e.g., Gray, 1859; Kuntze, 1891; Boivin, of Osmorhiza congruent with the phylogenies in-
1968). Lowry and Jones (1979) showed that the two ferred from molecular and combined data would in-
American members of this section are completely elude three taxa (subgenera or sections) encom-
separable  from  each  other  and  that  there  are  no  passing  one,  two,  and  six  species  respectively
intermediate specimens which would have suggest- (omitting 0. glabrata, as this species was not avail-
ed  hybridization.  able  for  our  molecular  studies).  Such  a  division  is

Three hypotheses have been invoked to explain practically useless as an aid in species recognition,
the similarity between the Asiatic and American Furthermore, as compared to Anthriscus and Chaer-
members of section Osmorhiza. Constance and ophyllum, all species of Osmorhiza are very similar,
Shan (1948) suggested that either there had been hence there is no real justification for infrageneric
a relatively recent contact between the Asian and division.
North American populations through Beringia, or
these species have differentiated slowly from a once Literature Cited
widespread  common  ancestral  population.  Li
(1972) postulated that these morphological similar-
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Appendix 1. Characters used in the morphological anal-
ysis. Arrows indicate ordinal characters, the remaining are
multistate or binary.

Lifk History and Vk<;f:tatiyk Morphology

I. Reproductive strategy: 0, always monocarpic <-> 1,
monocarpic or polycarpic ^-> 2, always polycarpic. An
ability to switch between monocarpy and polycarpy
represents a distinct life history strategy; therefore it
was coded as an intermediate state rather than a poly-
morphism. This feature is often reflected in plant habit.
For instance, Anthriscus syhestris subsp. sylvestris has
monocarpic biennial rosettes but may perennate by
buds in the axils of the basal leaves (Grime et al.,
1988).

2. Boot: 0, not tuberous; 1, tuberous; 2, globose tuber.
Geophytes (i.e., plants with globose tubers) can easily
be distinguished in herbarium material even if the tu-
ber is not preserved due to the presence of thin, flex-
uose bases of the leaf stalks and stems. Species with
tuberous roots are usually hemicryptophytes and nei-
ther their stems nor leaf stalks have (lexuose bases.

3. Leaf division: 0, leaf not divided <-> I, 1 -pinnate <-> 2,
2-pinnate <-+ 3, 3-pinnate <-* I, 4-pinnate. There is
variation in leaf division within each species and even
on a single plant; therefore, the most common state for
each taxon was taken. This character is diagnostic al
the infrageneric level; for instance, to separate subge-
nus Osmorhiza from subgenus Glyrosma or. in Anthris-
cus, to distinguish 1. lumpracarpa from the closely re-
lated A. sylvestris.

4. Fobe orientation: 0, leaf ±

5.

0.

flat; 1, lobes somewhat
spreading; 2, lobes radially spreading around the axis.
Shape of basal leaf lobes: 0, ovate to lanceolate; 1,
linear-lanceolate to linear.
Shape of cauline leaf lobes: 0, ovale to lanceolate; I,
linear; 2, leaves reduced to sheaths. Cauline and basal
leaves are usually similar, although the former may
have broader lobes. However, in some species (e.g.,

9. Number of bracteoles: 0, bracteoles absent <-> 1, 1-3
<-» 2, 4-5 f  ̂3. more than 5. The number of bracteoles
is usually more or less constant, but in Heteramarpha
there is much variability so this character was coded
as missing. If bracteoles are absent, characters 10-13
were coded as inapplicable.

10. Bracteole division: 0, bracteoles entire (not incised)
<-> 1, incised <-> 2, pinnate.

11. Bracteole margin: 0, deprived of cilia or scales <-> 1,
with minute scales <r+ 2, ciliate. Cilia al bracteole mar-
gins are homologous to those at leaf sheath margins
and are distinctly longer than hairs that may cover the
bracteole. However, in some species with densely hairy
bracteoles it was impossible to determine the state of
this character and, therefore, it was coded as "0 or 2."

12. Bracteole indumentum: 0, absent; 1, present.
13. Bracteole shape: 0, ovate to narrow lanceolate; 1, lin-

IlNH.ORKSCKNCE

II

15

16

Number of umbellets in primary umbel: 0, less than
four; 1, more than four. The number of umbellets
(rays) in a primary umbel is variable, but in species
with reduced primary umbels it rarely reaches four
while in those with well-developed primary umbels it
often exceeds ten.
Umbel width: 0, more than 2 cm diarn.; I, less than
2 cm diam.
Umbel position: 0, mostly terminal <-> 1, terminal and
lateral <r+ 2, mostly lateral. Terminal versus lateral
umbel formation is an important element of plant re-
productive strategy. Species with terminal umbels are
characterized by determinate (lowering, and hence the
number of consecutive orders of umbels rarely ex-
ceeds four (Bell. 1971) and the regulation of repro-
ductive effort is predominantly postgamic (Lloyd,
1080; Floyd et al., 1980). Lateral formation of umbels
allows indeterminate flowering, i.e., further growth of
the main axis and the development of additional or-
ders o( umbels when resources are abundant. A good
example of such a strategy is found in Anthriscus cau-
calis, which may have up to nine orders of umbels
permitting a more flexible pregamic regulation of re-
productive effort (Spalik, 1996).

17. Peripheral flowers: 0, perfect; 1, male. The majority
of umbellifers are andromonoecious, i.e., they have
both hermaphrodite and male flowers, the latter usu-
ally situated inside the umbellet although the oppo-
site may also Ik* found. Characters 17-20 were de-
termined from primary or secondary umbels. In
andromonoecious species umbels of higher orders
may bear only male flowers.

Chaerophvllum mac rasper mum and C. macrapadum) 18. Disc male flowers: 0, present; 1, absent.
the lobes of the cauline leaves, particularly of the up-
permost leaves, are morphologically distinct from those
of the basal leaves.

19. Central flower: 0, male or similar to oilier flowers; 1,
perfect, sessile or with distinctly shorter pedicels than
other perfect (lowers.



Volume 88, Number 2
2001

Spalik & Downie
Scandiceae Subtribe Scandicinae

297

20. Outer flowers: 0, actinomorphic or slightly zygomor- 35. Primary ridge shape: 0, arched or obsolete; 1, filiform
phic; 1, distinctly zygomorphie.

Floral Morphology
21. Sepals: 0, present; 1, reduced; 2. absent. It is some-

times difficult to determine whether small projections
at the fruit top are indeed reduced calyx teeth, as in
Myrrh is. This character was therefore coded as un-
ordered rather than ordinal.

22. Sepal indumentum: 0, absent; 1, present
23. Petal incision: 0, absent or shallow; L, deep. Deeply

incised petals were regarded as cut to at least one-
third of their length. This character is, however, quite
variable since species with zygomorphie flowers have
outer petals deeply cut while their inner petals are
entire. In such cases, only outer petals were consid-
ered.

24. Petal margin: 0, naked <-> 1, denticulate <-» 2, ciliate.
Small teeth at petal margin seem to be reduced cilia,
therefore this character was coded as ordinal.

25. Petal indumentum: 0. absent: I. present.
26. Oil ducts in petals: 0, present; 1, absent. Since petals

were not dissected, it was sometimes difficult to de-
termine whether dark-colored lines seen at the outer
sides of petals were oil ducts or veins. Therefore, this
character was scored as missing for some species.

to nearly winged; 2, broad and rounded; 3, angular
only at top, obsolete below; 4, angular throughout. As
arched we denote broad semicircular ridges that touch
each other and are not separated from vallecules —
sometimes such ridges are not much pronounced and
may be regarded as obsolete. Narrow, filiform ridges
are usually of a different color than the vallecules and
may form small wing-like projections. Broad and
rounded ridges, such as those occurring in Chaero-
phyllum, are also of a different color than the valle-
cules. Some fruits (their upper portion or throughout)
are pentangular or even star-shaped in transverse sec-
tion.

36. Primary ridge indumentum: 0. absent; 1, hairs or bris-
tles. As primary ridge indumentum we consider only
those hairs or bristles that are distinctly lined along
the ridges. Therefore, in taxa with hairs or bristles
evenly scattered over the fruit surface (e.g.,Anthriscus
sylvestris subsp. nemorosa). I his character is regarded
as absent.

37. Mericarp compression: 0, not compressed (i.e., meri-
carp as broad as wide) 4-¥ 1, somewhat dorsally com-
pressed <-» 2, distinctly dorsally compressed. Fruits
lacking compressed mericarps are also described as
laterally compressed.

38. Secondary ridges: 0, absent; 1, present.
39. Secondary ridge appendages: 0, wings; 1, spines; 2.

hairs. If secondary ridges are absent, this character
was  coded  as  inapplicable.  t

ovoid or rounded. The shape of the stylopodium 40. Tubercles at fruit surface: 0, absent; 1, present. Tu-

Frlit Morphology
27. Stylopodium shape: 0, flat-conic; 1, high-conic; 2,

changes as the fruit matures, and thus its shape was
determined at fruit maturity.

28. Crown of hairs (bristles, scales) at fruit base: 0, ab-
sent; 1, present. Hairs (bristles, scales) forming the
crown on the pedicel at the base of the fruit, if pre-
sent, are distinctly longer than those that may occur
below (character 29). This crown of hairs may be re-
duced to single scales; if so, the pedicel is usually
naked.

29. Pedicel indumentum: 0, absent; 1, pedicels scabrid:
2, pedicels hairy. Scabrid pedicels denote small dents
that may occur on their inner sides.

30. Pedicels of fruit: 0, not thickened; 1, thickened.
When thickened at fruit maturity, pedicels may obtain
the diameter of fruits.

31. Fruit shape: 0, globose <-  ̂1, elliptic or ovate to
broadly ovate <-» 2. narrow to oblong ovate «-» 3. lin-
ear-oblong. The order of states reflects the increasing
proportion of fruit length to width.

32. Fruit appendage: 0, absent; 1, present. A pedicel-like 43.
appendage is formed if the seed does not fill the lower
part of the fruit. It is characteristic only for Osmor-
hiza, with the exception of 0. Occident alls.

33. Commissure: 0. broad; I, constricted.
34. Beak: 0, obsolete <-  ̂1, relatively short <-  ̂2. long. A

distinct beak is formed when the seed does not fill
the top of the fruit. It is sometimes a different color
than the rest of the fruit.

bercles usually constitute the bases of bristles. As
these sometimes break away easily, only tubercles can
remain on herbarium material, and hence the fruits
can be described as tuberculate rather than bristled.

41. Fruit indumentum: 0, absent; 1, hairs; 2. bristles. In
krusnoria longiloba tubercles lack normally devel-
oped bristles but sometimes end with short hyaline
teeth that seem to be homologous with bristles. There-
lore, for this species, the character was coded as poly-
morphic. AnthrLscus caucalis and A. ccrefolium in-
clude varieties with both naked and bristled fruits.

42. Cuticle appearance: 0, dull; 1, shiny. This character
is difficult to determine in badly preserved herbarium
material or when the fruits are not fully ripe. However,
it does reflect an anatomical basis (i.e.. shiny fruits
are usually characterized by a thick cuticle while
those with a rather dull appearance have a thin cu-
ticle: k. Spalik. A. Wojewodzka & S. Downie. unpub-
lished data).
Cuticle texture: 0, smooth or striate; 1, aculeate.
Small projections that give an aculeate texture to the
cuticle are formed above the centers of the cells. In
Scandix, they are found only close to the fruit base,
while in Anthriscus lamprocarpa they may occur only
near the commissure.

44. Fpidermis coloration: 0. uniform (not areolate); 1, are-
olate. The areolate appearance of epidermis is due to
thickened transverse cell walls (Spalik. 199,).
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Ŝ
£Ŝ
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