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"The day is coming when a single carrot freshly observed will set off a revolution." 

Paul Cezanne (1839-1906) 
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1   Summary 

 

 
SUMMARY OF THE THESIS 

All members of the carrot family (Apiaceae), among them cosmopolitain subfamily Apioideae, 

resemble in inflorescence characters. The ócompoundô umbels are formed by small, white or 

yellow flowers and visited by many unspecialized insects. The uniformous impression, that is 

created, may be a reason that the underlying morphology has been barely analyzed to date. The 

purpose of the present dissertation is therefore, to demonstrate ócryptic diversityô in the flowering 

shoots of the Apiaceae-Apioideae with the aim to identify the influence of the plantsô architecture 

on flower presentation in space and time and thereby on the reproductive system. 

In the first chapter, a comparative analysis of nine selected species shows that in the self-fertile 

and unspecifically pollinated plants outcrossing is promoted by synchronized and rhythmic 

presentation of flowers. Thereby, the dichogamous plants either pass only one male and female 

flowering phase (Xanthoselinum alsaticum), or the modular construction of the plants entails a 

sequence of male and female phases (multicycle dichogamy). Dioecy in Trinia glauca may be 

regarded as a split of the flowering phases into separate individual. It is demonstrated that in the 

andromonoecious taxa the proportion of (functionally) male flowers increases inconsistently 

with umbel order. Thus, the plants, at different times and to different degrees, function rather as 

pollen acceptors or donors. It becomes clear that the uniformous inflorescence pattern of the 

Apioideae including umbels of different order, dichogamous flowers and diverse sex forms 

represents a complex space-time-unit to optimize the breeding system. 

The second chapter illustrates the results of manipulation experiments (hand-pollination, 

bagging, umbel removal) in Chaerophyllum bulbosum showing that, as a space-time-unit in 

flower presentation, the species is able to respond flexibly to environmental stress. Mechanical 

damage emerges to merely influence the degree of andromonoecy and percentage fruit set of the 

individuals. The basis requirement of the ability to respond to environmental influences is again 

the modular construction. This allows the plants, together with the andromonoecy-induced 

reservoir of ï sexually flexible ï male flowers, to compensate in the later-developing flowers for 

the lack of fruits in the early-flowering umbels. 
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In the third chapter, I provide data of a character analysis in 255 apioid taxa representing all 

major clades, life forms and distribution areas of the group. The aim of the study was the 

identification of character syndromes that were supposed to clarify the relationship of plant 

architecture and breedings system. Interestingly, the only traits that consistently accompany each 

other are protogyny and the gradual decrease in the number of male flowers with increasing 

umbel order. All other plant characters vary independently from each other and in many ways 

create a similar functional model that can be interpreted as the apioid óbreeding syndromeô. 

This dissertation contributes towards the functional comprehension of Apiaceae inflorescences 

and to morphological variation in óunspecializedô breeding systems. Obviously, in the Apiodeae 

selective pressure upholds the generalist pollination system and superimposes onto all 

morphological-phylogenetic character variations. 
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ZUSAMMENFASSUNG 

Alle Doldengewªchse (Apiaceae), darunter die grºÇte, weltweit verbreitete Unterfamilie der 

Apioideen, weisen in ihren Bl¿tenstªnden sehr einheitliche Merkmale auf. Die `DoppeldoldenË 

werden aus kleinen, weiÇen oder gelben Bl¿ten gebildet und von vielen unspezialisierten 

Insekten besucht. Der uniforme Eindruck, der damit erweckt wird, ist unter Umstªnden ein 

Grund, dass die zugrundeliegende Morphologie bislang wenig untersucht wurde. Gegenstand der 

vorliegenden Dissertation ist es daher, die `verborgene DiversitªtË im Bl¿tenstandsbereich der 

Apiaceae -Apioideen mit dem Ziel darzustellen, den Einfluss der Architektur der Pflanzen auf 

die Art der Bl¿tenprªsentation in Raum und Zeit und damit auf das Reproduktionssystem der Art 

zu ermitteln.  

Im ersten Kapitel zeigt der Vergleich von neun ausgewªhlten Arten, dass in den selbstfertilen und 

unspezifisch bestªubten Pflanzen durch Synchronisation und Rhythmik in der Prªsentation von 

Bl¿ten Fremdbefruchtung gefºrdert wird. Entweder durchlaufen die Pflanzen dabei nur eine 

getrennte mªnnliche und weibliche Bl¿hphase (Xanthoselinum alsaticum) oder der modulªre 

Bau der Pflanzen f¿hrt zu einer Folge mªnnlicher und weiblicher Bl¿hphasen (multizyklische 

Dichogamie). Die Diºzie in Trinia glauca kann in diesem Zusammenhang als eine Trennung der 

Bl¿hphasen auf verschiedengeschlechtliche Individuen gesehen werden. F¿r die 

andromonºzischen Arten wird gezeigt, dass der Anteil funktional mªnnlicher Bl¿ten mit 

steigender Doldenordnung nicht einheitlich zu- oder abnimmt. Dadurch fungieren die Pflanzen 

zu verschiedenen Zeiten und mit unterschiedlicher Stªrke eher als Pollenrezeptoren oder 

Pollendonatoren. Es wird deutlich, dass das āuniforme Musteró der Apioideen mit Dolden 

verschiedener Ordnungen, dichogamen Bl¿ten und deren diversen Geschlechtsausbildungen ein 

komplexes Raum-Zeit-Gef¿ge zur Optimierung des Reproduktionssystems darstellt.  

Das zweite Kapitel stellt die Ergebnisse von Manipulationsexperimenten (Handbestªubung, 

Bestªuberabschirmung, Entfernen von Dolden niedriger Ordnung) an Chaerophyllum bulbosum 

dar, die zeigen, dass das Raum-Zeit-Gef¿ge in der Prªsentation der Bl¿ten der Art erlaubt, 

flexibel auf Umwelteinfl¿sse zu reagieren. Es stellt sich heraus, dass mechanische 

Beschªdigungen kaum Einfluss auf den Andromonºziegrad und prozentualen Fruchtansatz der 

Individuen nehmen. Grundvoraussetzung der Reaktionsfªhigkeit ist wiederum deren modulªrer 

Bau. Dieser erlaubt es den Pflanzen, zusammen mit dem andromonºziebedingten Reservoir an -  
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geschlechtlich flexiblen - mªnnlichen Bl¿ten,, in den spªter angelegten Dolden fehlenden 

Fruchtansatz der Bl¿ten fr¿h bl¿hender Dolden zu kompensieren. 

Im dritten Kapitel wird eine vergleichende Merkmalsanalyse an 255 Apioideen-Arten vorgelegt, 

die alle Verwandtschaftskreise, Wuchsformen und Verbreitungsgebiete der Gruppe 

reprªsentieren. Ziel der Analyse war die Identifizierung von Merkmalssyndromen, die den 

Zusammenhang zwischen Architektur und Reproduktionssystem verdeutlichen sollten. 

Interessanterweise sind die einzigen Merkmale, die miteinander einhergehen, Protogynie und die 

graduelle Abnahme mªnnlicher Bl¿ten mit steigender Doldenordnung. Alle anderen Merkmale 

variieren unabhªngig voneinander und erzeugen auf vielen verschiedenen Wegen immer wieder 

das gleiche Funktionsmuster, das als ābreeding syndromeó der Apioideae gedeutet werden kann.  

Die Arbeit leistet einen wichtigen Beitrag zum Verstªndnis der Bl¿tenstªnde der Apiaceen und 

dar¿ber hinaus zu morphologischer Variation in āunspezialisiertenó Reproduktionssystemen. 

Offensichtlich liegt in den Apioideen der Selektionsdruck auf der Aufrechterhaltung der 

generalisistischen Bestªubung und ¿berprªgt alle morphologisch-phylogenetischen 

Merkmalsvarianten. 

 



5  1 General introduction 

 

How do you lead a horse to water? With lots of carrots. (Old proverb) 

 

1 GENERAL INTRODUCTION 

Flowering species of the carrot family appear in diverse vegetation types or cultivation across the 

globe and throughout the seasons. The family is one of the largest taxonomic groups and 

probably the oldest recognized and systematically described (Dal®champs 1587; Bauhin et al. 

1650-1651; Morison 1672; Sprengel 1813, 1818), its members sharing their similar, open-

accessible, small flowers, aggregated into umbellets and umbels. More than 80% of todayôs 

óUmbelliferaeô species and genera belong to the cosmopolitain subfamily Apioideae (Fig. 1.1; 

contemporarily including most of former óSaniculoideaeô; Stevens 2001 onwards; Magee et al. 

2010a) or to the small subfamilies Mackinlayoideae, Azorelloideae (plus Hermas) and Platysace. 

Inter- and intrageneric relationships are still not fully resolved in the approximately 380 apioid 

genera comprising 3200 species (Stevens 2001 onwards). 

 

 

Figure 1.1 The geographic distribuion of the Apioideae (taken from Stevens 2001 onwards) 

 

Apioideae encompass on the one hand plenty of economically important and widely cultivated 

species (e.g. Daucus carota, Foeniculum vulgare, Coriandrum sativum, Carum carvi or 

Pastinaca sativa) and on the other hand (locally) rare, e.g. Angelica palustris (Dittbrenner et al. 

2005), Monizia edulis (Cannon 1994), Rouya polygama (M®dail & Verlaque 1997; Pozzo Di 

Borgo & Paradis 2000; Bacchetta et al. 2007), or critically endangered taxa as Cymopterus beckii  
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(Tepedino & Messinger 2004), Naufraga balearica (Botey 2005; Cursach & Rita 2012) and 

Ptilimnium nodosum (Marcinko & Randall 2008). In order to optimize breeding conditions, 

cultivators as well as conservationists have studied the speciesô reproductive systems so that 

ômuch of the published work on Apiaceae is concerned on effective pollination, seed set and 

qualityô (Davila & Wardle 2002). Investigations on flowering phenologies and sequences 

revealed self-fertility (Foerste & Trelease 1882; Owens 1974; Keighery 1982; Schlessman 1982, 

2010), an overall generalist pollination system (e.g. Ollerton et al. 2007), partly with cryptic 

specialisation (Bell 1971; Webb 1984; Lindsey & Bell 1985; Tollsten et al. 1994; Zych 2007) 

and flowering patterns, mainly discussed to prevent geitonogamy (Lindsey 1982; Schlessman 

1982; Challe 1985; Schlessman & Graceffa 2002; Schlessman & Barrie 2004; Tepedino & 

Messinger 2004).  

A well-established picture of Apioideae representatives shows herbaceous plants with white or 

yellow, rich-flowered umbels that terminate stems and branches of several orders. The 

uniformous impression of the flowering shoots, created by the similar presentation of flowers, 

may be one reason why many morphologists were so far more interested in e.g. fruits and leaves, 

in apioid organs that show higher variation. However, even though many species may resemble 

in their outer appearance, they show varying forms of dichogamy ï protandry and protogyny - in 

their flowers, and differ in their ï andromonoecious, hermaphrodite or dioecious (e.g. Plunkett et 

al. in press.) sexual systems. Inconsistent with a once claimed constant floral sex ratio of one 

hermaphrodite per four male flowers (Doust 1980), many andromonoecious species vary slightly 

to enormously in their proportions of flower types, affecting possible fruit set per plant (e.g. 

Liehr 1927; Hendrix & Trapp 1981; Palevitch 1985; Koul et al. 1996; P®rez-Ba¶·n et al. 2006; 

Reuther & ClaÇen-Bockhoff 2010). The architectural variation in the flowering shoots was 

investigated only occasionally, but revealed that branching does not follow a uniformous, basic 

pattern in the largest Apiaceae subfamily (cp. Clos 1855; Clos 1874; Troll & Heidenhain 1951; 

Froebe 1971; Wiedmann & Weberling 1993). The studies on Apiaceae-Saniculoideae (Froebe 

1964), meanwhile segregated into protoapioid tribes (Magee et al. 2010a), and Hydrocotyloideae 

(Froebe 1971, 1979), a former subfamily whose speces are scattered today over 

Mackinlayoideae, Azorelloideae, Apioideae and Araliaceae (Stevens 2001 onwards) indicate that 

the apioid inflorescences are rather derived from paniculo-thyrsoid preforms than from a raceme 

(Froebe 1979), as Troll (1957) had first expected. Demonstrating their value in resolving 

relationships in Apiaceae, inflorescence characters, especially shape, the presence of bracts and  
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bracteoles, or number of umbellets and flowers plus proportions within, have been applied in 

cladistic analyses, repeatedly (Spalik 1996; Radford et al. 2001; Spalik & Downie 2001; Vessio 

2001; Magee et al. 2010a; Sun & Downie 2010). The only typological approach on Apioideae 

that we are aware of (Bernardi 1979), in addition to the classification of a few species according 

to the presence or absence of a terminal flower within the umbellets (Froebe 1964), recognized 

and defined three inflorescence types. Flowering shoots in the genera Ferula, Ferulago and 

Peucedanum, differ mainly in the presence or absence of (i) a definite main axis and (ii) 

verticillated lateral umbels which (iii) constantly either set or lack fruits. 

Unfortunately, whenever morphological information is available on Apioideae inflorescences, its 

access and further, comparative use is often restricted through the inappropriate application of 

morphological terms or terminological inconsistencies (see also Endress 2010). Only one of the 

numerous examples, which create much confusion, is the synonymous use of the terms 

monotelic, determinate and cymose, as well as polytelic, indeterminate and racemose. Another 

one is the differing method of numbering branch orders when referring to ordinal floral sex or 

fruit ratios (cp. Froebe 1979; Schlessman & Graceffa 2002; Endress 2010; especially studies on 

andromonoecy and floral sex ratios in Apiaceae). Additionally, many inflorescence 

morphological analyes, generating concepts to categorize inflorescence diversity (e.g. 

ĻelakovskĨ 1892; Parkin 1914; Pilger 1921; Bolle 1940; Rickett 1944, 1955; Troll 1964; 

Weberling 1965; Zimmermann 1965; Troll 1969; Maresquelle 1971; Sell 1976; Kusnetzova 

1988; Sell & Cremers 1992; Weberling & Troll 1998; reviewed in ClaÇen-Bockhoff 2000) either 

omit inflorescences of ócompoundô nature as the apioidôs completely or lack satisfactory 

solutions to a common terminology of ósimpleô and ócompoundô types. Therefore, the revision 

and extension of available terminological surveys on Apiaceae inflorescence morphology (e.g. 

Kljuykov et al. 2004) is badly needed for the comparability and comprehensibility of data in the 

future. 

Today, the interest in inflorescences, that seems to replace a long-lived ófloricentrismô (Harder et 

al. 2004), is not driven by purely morphological-typological purposes. Recent studies rather 

address the question of their function, recognized as inseparable from their form (cp. Kaplan 

2001), especially the functional significance of floral displays, plus their underlying 

inflorescence architecture, for pollination (e.g. Wyatt 1982; Ishii & Sakai 2001; Harder et al. 

2004).  
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Regarding Apioideae, the question arises whether there are architectural features connected to 

certain sexual systems, which are andromonoecious, hermaphrodite and (gyno)dioecious (e.g. 

Plunkett et al in press). And if this interrelation exists, which traits mainly influence the 

reproductive system, and how. Comparative inflorescence morphological investigations, which 

are largely lacking in Apiaceae and their subfamilies (but see Troll & Heidenhain 1951), could 

establish a basis to functionally comprehend the relationship of morphological characters, or 

units, and their spatial and temporal synorganisation in the plants. This would help elucidating 

the impact of inflorescence morphology on the ï here generalist - reproductive system of the 

group.  

Therefore, in the present study, we analyse inflorescence architecture and flowering sequences 

comparatively in a large number of apioid species with a special focus on the functional 

consequences of morphological structures and on their clear terminology. To evaluate, thereby, 

the causes and consequences of andromonoecy, which is a common sexual system in apioids, we 

experimentally tested the hypothesis that the formation of morphologically male flowers in 

andromonoecious species is induced by resource limitations, in terms of developing fruits. At the 

same time, we intended to determine the influence of architectural effects on male flower 

formation. In view of the current attention to morphological research (see e.g. citations in 

Schºnenberger & Balthazar 2012) and new, ontogenetic models on inflorescences (especially 

ClaÇen-Bockhoff & Bull-Here¶u 2013), our aim here, is to contribute to the comprehension of 

spatial and temporal flower presentation in Apiaceae-Apioideae.  
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2 DIVERSITY BEHIND UNIFORMITY ï INFLORESCENCE 

ARCHITECTURE AND FLOWERING SEQUENCE IN APIACEAE-

APIOIDEAE 

 

 

http://www.schweizerbart.de/papers/pde/detail/128/75166/Diversity_behind_uniformity_inflorescence_architec  

http://www.schweizerbart.de/papers/pde/detail/128/75166/Diversity_behind_uniformity_inflorescence_architec
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Figures 2.1-2.10 Plants investigated. ï 1. Daucus carota, flowering plant; note the lacking inhibition zone. 

2. Anthriscus sylvestris, tip of the plant showing the reduced and sessile terminal umbel (T). 3. Oenanthe 

pimpinelloides, flowering plants. 4. Xanthoselinum alsaticum, flowering plant. 5-6. Trinia glauca, 

flowering male (5) and female (6) plant; note the different attractiveness of the sexes. 7. Myrrhis odorata, 

top view of flowering shoots illustrating the close arrangements of different umbels. 8. Echinophora 

spinosa, view onto a lateral shoot showing its prostrate habit. 9. Anthriscus caucalis, flowering plant; note 

the small inconspicuous umbels. 10. Zizia aurea, plant with a flowering terminal umbel (T).  
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Figure 2.11 Schematic illustration of plant architecture. ï a, profile of a flowering shoot 

illustrating the zonation, branching pattern and promotion tendencies. T. terminal umbel 

representing the basic module; 1-n, umbels of 1
st
 branch order (I), 11-nn, umbels of 2

nd
 

branch order (II); 111-nnn, umbels of 3
rd
 branch order (III); Ŭ, proximal prophyll, ɓ, distal 

prophyll; ep, epipode, hy, hypopode, me, mesopode. ï b1-4. variable lengths of the inhibition 

zone (iz), flowering zone (fz) and terminal internode (ti) 
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Figure 2.12 Branching patterns of lateral shoots. ï a. racemose. ï b. cymose with flower production (b1) from 

only one prophyll (monochasial) and (b2) from two prophylls (dichasial). 
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Figure 2.13 Promotion tendencies. ï a, homogenous branching with no clear promotion. ï b, acrotony (with 

lateral shoots overtopping the main shoot). ï c, basitony. ï d, mesotony. Note that the general appearance of a 

plant depends on its promotion tendencies. 

 

  

http://www.schweizerbart.de/papers/pde/detail/128/75166/Diversity_behind_uniformity_inflorescence_architec


2 Diversity behind uniformity ï inflorescence architecture and flowering sequence in Apioideae  18 

 

 

Figs. 2.14-2.24 Flowers and inflorescences of the investigated plants. ï 14. Daucus carota, 

flowering umbel with densely aggregated umbellets and slightly enlarged outer flowers.  

15. Anthriscus sylvestris, flowering umbel in the male phase (note the stamina in the outer flowers). 

16. Oenanthe pimpinelloides, umbel in the postfloral stage; note that the inner umbellets are fruiting 

(fu) while the outer ones are staminate (su). 17. Xanthoselinum alsaticum, flowering umbel. 18-19. 

Trinia glauca, female (18) and male (19) flowering umbel. 20. Myrrhis odorata, flowering unit of 

umbels of two different orders (I, II) in the female (I) and male (II) phase; note that the fruitsô 

pedicels start to elongate. 21. Echinophora spinosa, flowering umbel with only one perfect flower in 

the centre of each umbellet. 22. Anthriscus caucalis, flowering umbel. 23-24. Zizia aurea, flowering 

umbellets; staminate umbellet in the early male phase (23) and andromonoecious umbellet in the 

early female phase (24); note the terminal flower (tf). 
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Figure 2.25 Umbel and umbellet organisation. ï a., profile of an umbel with lateral umbellets; 

involucral bracts (b) below the rays (r) of the umbellets, involucellar bracteoles (bo) below the 

flower pedicels (p). ï b, profiles and top views illustrating sex distribution (b1) of an umbellet with 

terminal flower (tf) and (b2) of an indeterminate umbellet (`xË); the different colors indicate bisexual 

flowers (dark grey), functionally male flowers (light grey) and female sterile/staminate flowers 

(white). 
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Figure 2.26 Xanthoselinum alsaticum, bar: 10cm. ï a-b. plant profiles with (a) and without (b) terminal 

umbel; terminal flowering units encircled;  note the counting in a. ï c. schematic side view of an umbel, 

showing the number of rays (r) and  bracts (b). ï d-e. schematic side views (d1, e1) and top view (d2, e2) of a 

well-developed outer (d) and a weaker inner (e) umbellet.  
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Figure 2.27 Anthriscus caucalis. ï a-b. plant profiles of flowering plants (a) in full bloom and (b) at the beginning 

of anthesis (first-order umbels prefloral); branch 5 is enlarged to show the monochasial branching; note the 

mesotony in branch 4, the basitony in the branches 2 and 3, and the inhibited distal umbels in branch 4 remaining in 

bud stage (grey-shaded circles). ï c. schematic side view of an umbel, showing the number of rays (r) and bracts (b). 

ï d-e. schematic side views (d1, e1) and top view (d2, e2) of a well developed outer (d) and a weaker inner (e) 

umbellet with number of pedicels (p) and bracteoles (bo); note the high percentage of perfect flowers. Bars 10cm. 
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Figure 2.28 Anthriscus sylvestris. ï a-b. plant profiles of flowering plants (a) in full bloom and (b) at the 

beginning of anthesis. ï c. schematic side view of an umbel, showing the number of rays (r) and bracts (b). ï 

d-e. schematic side views (d1, e1) and top view (d2, e2) of a well-developed outer (d) and a weaker inner (e) 

umbellet with number of pedicels (p) and bracteoles (bo); note the increase in male flowers. Bars 10cm. 



31 2 Diversity behind uniformity ï inflorescence architecture and flowering sequence in Apioideae 

 

 

http://www.schweizerbart.de/papers/pde/detail/128/75166/Diversity_behind_uniformity_inflorescence_architec 

  

http://www.schweizerbart.de/papers/pde/detail/128/75166/Diversity_behind_uniformity_inflorescence_architec


2 Diversity behind uniformity ï inflorescence architecture and flowering sequence in Apioideae  32 

 

 

http://www.schweizerbart.de/papers/pde/detail/128/75166/Diversity_behind_uniformity_inflorescence_architec 

  

http://www.schweizerbart.de/papers/pde/detail/128/75166/Diversity_behind_uniformity_inflorescence_architec


33 2 Diversity behind uniformity ï inflorescence architecture and flowering sequence in Apioideae 

 

 

 

Figure 2.29 Myrrhis odorata. ï a-b. plant profiles of (a) a flowering plant in full bloom and (b) a 

terminal umbel-bearing individual at the beginning of anthesis; note the floral aggregates of two umbel 

orders (encircled). ï c. schematic side view of an umbel, showing the number of rays (r) and bracts (b). 

ï d-e. schematic side views (d1, e1) and top view (d2, e2) of a well developed outer (d) and a weaker 

inner (e) umbellet with number of pedicels (p) and bracteoles (bo); note the few outer perfect flowers. 

Bars 10cm.  
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Figure 2.30 Daucus carota. ï a. plant profile; note the weak lateral branches 1 and 8 indicating mesotony. ï 

b. schematic side view of an umbel, showing the number of rays (r) and bracts (b). ï c-d. schematic side 

views (c1, d1) and top view (c2, d2) of a well-developed outer (c) and a weaker inner (d) umbellet. with 

number of pedicels (p) and bracteoles (bo); note the facultative production of a terminal flower. Bar 10cm. 
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Figure 2.31 Oenanthe pimpinelloides. ï a. plant profile. ï b. schematic side view of an umbel, showing 

the number of rays (r) and bracts (b). ï c-d. schematic side views (c1, d1) and top view (c2, d2) of a well-

developed outer (c) and a weaker inner (d) umbellet with number of pedicels (p) and bracteoles (bo); note 

the unique sex distribution pattern with outer male and inner perfect flowers. Bar 10cm.  
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Figure 2.32 Echinophora spinosa. ï a. plant profile. ï b. schematic side view of an umbel, showing the 

number of rays (r) and  bracts (b). ï c-d. schematic side views (c1, d1) and top view (c2, d2) of a well-

developed outer (c) and a weaker inner (d) umbellet with number of pedicels (p) and bracteoles (bo); note 

that only the terminal flower in each umbellet is perfect. Bar 10cm.  
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Figure 2.33 Trinia glauca. ï a1-2. combined plant profile of a male (a1) and female (a2)  individual; note the 

different numbers of first-order branches. ï b-c. schematic side view of a male (b) and female (c) umbel, 

showing the number of rays (r) and bracts (b). ï d-g. schematic side views (d1, e1, f1, g1) and top view (d2/e2, 

f2/g2) of a well-developed outer (d, f) and a weaker inner (e, g) umbellet with number of pedicels (p) and 

bracteoles (bo); note the higher numbers of flowers and umbellets in the male plant. Bar 10cm. 
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Figure 2.34 Zizia aurea. ï a. plant profile; note the sterile proximal prophylls (Ŭô, Ŭôô, Ŭôôô) and the unusual 

decreasing proportion of male flowers with umbel order. ï b. schematic side view of an umbel, showing the number 

of rays (r) and bracts (b). ï c-d. schematic side views (d1, d1) and top view (c2, d2) of a well developed outer (c) and 

a weaker inner (d) umbellet with number of pedicels (p) and bracteoles (bo); note the increase in (functionally) male 

flowers in d. Bar 10cm. 
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4 óAND YET THEY VARYô ï SPATIAL -TEMPORAL DIVERSIFICA TION IN 

FLOWERING APIACEAE-APIOIDEAE AND THEIR UNIFORMOUS FUNCTIONAL 

SYNDROME 

 

4.1 ABSTRACT 

Apioideae are easily recognized by well-established characeristic inflorescence features which 

are, however, known to vary within the group. To respond to the questions, what makes the 

species appearance so similar, and whether architectural and reproductive characters are 

linked, the flowering shoot systems of 255 species are analysed for character syndromes. 

Species were chosen both randomly and selectively to represent all major clades and habitat 

types. For each species, data were collected on plant habit, shoot architecture and sexual 

system, morphology of the umbels and umbellets, including sex ratios and distributions 

patterns of flower types, and lastly inflorescence development, including dichogamy and 

flowering sequences.  

A lot of features occur frequently in the subfamily, probably accounting for the easy 

recognizability of many species. We designed a theoretical ómodel apioidô from these 

ócharacteristicô traits which, however, showed not to occur in this combination in any of the 

studied species. None of the species shares any other combination of characters, either. They 

all rather diversify in many ways. Only two of the observed traits, protogyny and the gradual 

increase in male flowers, consistently co-occur.  

Because all species exhibit a generalist pollination system, it is concluded that the diverse 

character combinations in many ways create a similar functional pattern which is able to 

respond to the demands of promiscuous pollination, especially the avoidance of selfing and 

geitonogamy while setting high numbers of fruits. We can learn from this unspecialized, in 

terms of flower morphology, plant group that each species is able to create a unique character 

syndrome and at the same time a general ófunctional syndromeô, shared by all its members, 

which could be called the óapioid breeding syndromeô. 
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4.2 INTRODUCTION  

Recognizing a member of the Apioideae would probably be referred to as blindingly easy 

even by amateur or lay botanists. Also the overall picture, that those whoever have worked 

with species of this largest Apiaceae subfamily have in mind, might be very similar. The small 

and unspecialized flowers are aggregated into umbels, regarded as a characteristically apioid, 

uniform floral and óreproductive unitô (Bell & Lindsey 1978). Each umbel is presented at the 

terminal end of an axis that the branched plants usually produce plenty of. With their open, 

nectar- and pollen-presenting flowers, they unspecificly attract flying and crawling insects 

(e.g. Vogel 1975; Baumann 1978; Lindsey 1984; Lindsey & Bell 1985; Sinha & Chakrabarti 

1992; P®rez-Ba¶·n et al. 2006; Ollerton et al. 2007; Zych 2007; Niemirski & Zych 2011) and, 

being self-fertile (Foerste & Trelease 1882; Owens 1974; Keighery 1982; Schlessman 1982, 

2010), are likely to be promiscuously pollinated by most of the flower visitors. But is that 

already all it takes to make flowering apioids so similar to each other?  

A closer look at the literature on Apiaceae and Apioideae species shows that inflorescences 

vary at least subtly (see citations in Davila & Wardle 2002; comparatively studied in Reuther 

& ClaÇen-Bockhoff 2010). Architectural analyses, retracing the branching patterns, revealed 

that umbels of e.g. Trinia glauca are borne in monopodial shoot systems (Clos 1874; Troll & 

Heidenhain 1951; Augier & Rubat du M®rac 1957; Reuther & ClaÇen-Bockhoff 2010) 

whereas umbel-bearing branches in Coriandrum sativum (Wydler 1860b), Anthriscus caucalis 

or Zizia aurea (Reuther & ClaÇen-Bockhoff 2010) like in woody Myrridendron donnell-

smithii (Wiedmann & Weberling 1993) grow sympodially. In contrast to the verticillately 

arranged umbels formed in e.g. Ferulago (Bernardi 1979), Seseli tortuosum generates 

pseudowhorls of different-order branches (Hamann 1960). In addition, and most obviously, 

apioids vary in growth form and shoot orientation (cp. Fig. 4.1), from minute annuals (Fig. 

4.1 A) via ground-covering (Fig. 4.1 B) or ascending (Fig. 4.1 C) perennial herbs to erect 

shrubs (Fig. 4.1 D, F), dendroid perennials (Fig. 4.1 E), and even trees (Fig. 4.1 G) back to 

very small (Fig. 4.1 H) or even creeping (Fig. 4.1 I) perennials. Unequal internode lenghts 

and shoot sizes, being the result of differing intervals of branch and umbel production 

between plants and species, entail a great diversity of individual flower canopies. All of the 

structural elements of the plants, mainly branches and umbels, their architectural arrangement 

and the underlying meristem activities, are a more or less unexplored source of variation in 

the entire family.  
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Figure 4.1 Apioideae, diverse life and growth forms. A. Hohenackeria exscapa, minute annual plant (with 

closely aggregated, simple umbels!). B. Falcaria vulgaris, population of rather short, erect perennials 

presenting their umbels in a common, ground-covering plane. C. Rouya polygama, ascending perennial herb, 

note the post-floral, withered umbel (arrow) and the short-stalked to more or less sessile T (encircled), 

revealing sympodial growth of the shoots. D. Bupleurum fruticosum, evergreen shrub with single umbels 

terminating each flowering shoot. E. Pimpinella anagodendron, small subshrub with 3 umbel orders (encircled: 

T; I, II, smallest umbels, unmarked in the picture). F. Anginon difforme, rigid shrub with several flowering 

shoots, note the dead previous-year shoots (brown, arrow). G. Heteromorpha arborescens, seasonal shoot on 

the small tree, note T and the much younger I (arrow on bud). H. Helosciadium repens, creeping, sympodial 

shoot. I. Heracleum pumilum, small, erect perennial herb with few, coplanarly presented umbels; T = terminal 

umbel, I = 1
st
-order umbel. 
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Some traits, however, are known to frequently occur among species, rendering them ótypicô 

features in many descriptions of the group. These are e.g. the herbaceous habit (see any flora), 

protandry (e.g. Knuth 1898; Ponomarev 1960; Bell 1971; Bertin & Newman 1993), or 

andromonoecy (e.g. Liehr 1927; Webb 1981; Schlessman 2010), combined with gradients 

(mostly reductions) between early- and late-flowering umbels, including increasing numbers 

of male flowers and lowering seed set with declining germination rates of fruits deriving from 

respective umbels (e.g. Ullrich 1953; Braak & Kho 1958; Singh & Ramanujam 1973; Koul et 

al. 1984; Spalik & Woodell 1994). Dichogamous flowering phenologies and sequences often 

show similar patterns of alternating, more or less overlapping, male and female flowering 

phases (e.g. van Roon & Bleijenberg 1964; Koul et al. 1989a; Koul et al. 1989b; Koul et al. 

1996; N®meth et al. 1997; N®meth & Sz®kely 2000; Rovira et al. 2002; Reuther & ClaÇen-

Bockhoff 2010).  

A bulk of morphological and phenological data on Apioideae is assembled in the worldôs 

floras and taxonomic treatments. The search for comparative studies, revealing information on 

how commonly inflorescence architectural and developmental parameters are really 

distributed in the group, will, however, remain essentially unfruitful. For example, despite the 

long-known presence or lack of a terminal flower in the umbellets (Wydler 1860a, b; 

Warming 1876; Troll & Heidenhain 1951) which is a crucial feature of inflorescence typology 

(Weberling 1965, 1983), we completely lack quantitative information on the frequency of its 

occurence in the subfamily. If not a clear taxonomic character as the sessile terminal flower in 

the genus Zizia (Mathias & Constance 1944), it has barely been taken into account in any, 

morphological, biological or cladistic, study of Apioideae (but see e.g. Froebe 1964 for 

examples of weak to strong 'central promotion' on the production of terminal flowers in the 

umbellets; Dihoru 1976 for discrimintation of Chaerophyllum and Anthriscus species; Kumar 

1977 for the presence of terminal flowers in coriander; Palevitch 1985 for delayed terminal 

flowering in Coriandrum). 

A first aim here is to capture, illustrate and discuss the realized variation in flowering apioid 

shoots and to search for typic, i.e. frequently occurring traits, and for new, undescribed feature 

characteristics, e.g. floral sex patterns. A few basic parameters in the modularly constructed 

plants, e.g. basic branching pattern, differential elongation of internodes and repetition of 

patterns (see Endress 2010) are expected to provoke the diverse opportunities for umbel 

position, form and organisation, to produce ñcompoundò (double, triple, multiple) structures,  
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and to allow modifications of the plantsô overall flower canopy and branching structure 

('scaffold'; see Harder & Prusinkiewicz 2012) during development. Particular attention is 

turned to these.  

Furthermore, we are interested in character syndromes, shared by several or many species, 

e.g. phenological and architectural concurring with reproductive features, similar to the ones 

concurring with protogyny (e.g. yellow or purple flower colour or earlier flowering times, see 

Schlessman & Barrie 2004). Assuming that certain plant structures are linked to each other, to 

the sexual system or to specific flowering sequences, we expected other species to match or at 

least resemble the andromonoecious, hermaphrodite and dioecious ótypesô already described 

(Reuther & ClaÇen-Bockhoff 2010). Additionally, we keep track of identifying basal and 

derived characters, and to determine inflorescence types (remember Bernardi 1979) and their 

derivation from each other by developmental pathways.  

Therefore and with the intention of a first-time quantitative characterization of inflorescence 

morphological traits and the identification of character syndromes in Apioideae, we compare a 

large selection of 255 apioid species. Especially with view to the high diversity that only few 

species in comparison to each other can show (Reuther & ClaÇen-Bockhoff 2010), we try to 

illuminate the diversity in the whole group of Apioideae and the presence of characteristic, i.e. 

most frequently occurring features. If they really exist, we try to answer hat they are and how 

they concur to create the image of a typical flowering apioid. The question is addressed if the 

common demands of a generalistic pollination system shape the entire group of Apiaceae-

Apioideae. 
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4.3 MATERIAL  AND METHODS 

A comparative morphological survey was conducted on the flowering shoots and umbels of 

255 flowering apioid species (Appendices 1, 2 and 4, attached on CD). First, they were picked 

at random, later on chosen selectively to represent all major (sub)clades, distribution areas, 

habitat types, growth forms and sexual systems, including dichogamy, of the subfamily. From 

living and herborized material, we collected, illustrated and analysed a set of 45 characters on 

the species, individual plants and inflorescences. 

Nomenclature either follows IPNI, or the most recent find in publications (see sources of 

information on each species, Appendix 1). Because of the current, systematic research on 

Apiaceae, involving lively restructurings of the systematic groups, all species names were 

rechecked by REDURON, Mulhouse-France and DOWNIE, Urbana/Illinois-USA (pers. 

comm.). Please note that some common long-time names have become obsolete and are 

avoided here (see Appendix 1). 

4.3.1 Sampling and taxon origins 

The examined material comprises 146 wild and cultivated taxa, which had been clearly 

determined to the species-level, plus 108 herborized specimen, whose taxonomic status was 

personally re-checked. Additionally, pure literature data on Myrrhidendron donnell-smithii, 

also information taken from photographs and web pages, were included in the present study, 

as this speciesô growth form and architecture had already been analysed in detail (Wiedmann 

& Weberling 1993). 

In the beginning, data were taken from living plants in their wild habitats (abbreviations are 

used in Appendix 1), i.e. from locally occurring taxa in the Rhine-Main area, Germany (RM; 

March 2004 ï November 2012; 21 species) and from species found during field trips to 

France (Alps: A; Jura: J; Provence: P; July/August 2005, 8 + 1 + 2 species), Italy (the 

Gargano: G; June 2004; 6 species) and Russia (the Caucasus: C; July 2008; 2 species). 

Secondly, examinations in the Botanic Gardens at the Johannes Gutenberg-University Mainz 

(MJG, Germany. March 2004 ï November 2012; 59 species), the J.W. Goethe-University 

Frankfurt (F; Germany. August 2011; 1 additional species), the Botanic Garden Berlin-

Dahlem (B; Germany. November 2005 and July 2006; 18 species), Conservatoire Botanique 

de Mulhouse (MCB; France. April 2006; 20 species), the Botanic Garden of the Moscow  
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State University (MWG. Russia; June 2008; 7 species) and the Subtropical Botanical Garden 

and Arboretum of Kuban, Sochi (Russia. July 2008; no additional species) covered additional 

taxa in cultivation of a broader geographical range. The habitats comprise mainly grasslands, 

borders of woods and forests, river (mainly Rhine) banks and sand dunes (especially Mainzer 

Sand), ruderal and coastal places, dolines (Gargano) and mountains. 

Based on current phylogenies and most recent systematic studies (e.g. Valiejo-Roman et al. 

2006a; Valiejo-Roman et al. 2006b; Pimenov et al. 2007; Degtjareva et al. 2009; Magee et al. 

2009; Nicolas & Plunkett 2009; Downie et al. 2010; Magee et al. 2010b; Sun & Downie 

2010; Yu et al. 2011; Valiejo-Roman et al. 2012), herborized material from the personal 

collections of Jean-Pierre Reduron (MCB), Regine ClaÇen-Bockhoff and Hans A. Froebe 

(additionally, material stored in ehtnol; MJG) and the Botanical Museum Berlin-Dahlem (B) 

were adducted to cover a broader systematic range of the subfamily with as many major 

clades as possible (for guideline see Downie et al. 2010). Thereby, the geographical range of 

the species was extended to cover all five continents.  

The digital herbarium on UMBELLIFERAE, available online at 

http://ww2.bgbm.org/herbarium/, provides high resolution specimen images, which are 

recommended viewing for some species (see Appendix 1: Roepert 2000 - [IMAGE ID] ). 

4.3.2 Taxonomy and geography of the selected species 

Our species selection comprises species from the euapioids and protoapioids (Fig. 4.2). 

Altogether, 155 genera in 75% (32 of 43) of the recently described major tribes or (sub)clades 

(see Appendix 2) are studied. Besides 19% monotypics, 41% derive from small and 21% from 

large genera. Another 16% belong to the very large genera of more than 50 species. Neither 

on the genus Helosciadium which was repeatedly separated from Apium, nor on the three 

species Balansaea fontanesii, Gasparrinia peucedanoides and Seseli webbii any information 

concerning clade affiliation or species numbers is available. 

Representatives of the most basal clades mainly originate from Africa (Lichtensteinia, Itasina, 

Andriana, Steganotaenia, Heteromorpha and Anginon), including the Canaries (Astydamia 

latifolia). The few representatives of very basal clades in Europe are the Bupleurum species 

plus Irano-turanian to Mediterranean Hohenackeria exscapa (forming a single clade with 

Bupleurum), and Molopospermum peloponnesiacum from the southern regions of Western 

http://ww2.bgbm.org/herbarium/
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and Central Europe. Species of the most derived clades (Pyramidoptereae, Pimpinelleae, 

Opopanax Clade, Echinophoreae, Coriandreae, Conium Clade, Careae, Cachrys Clade and 

Apieae) appear all over the world. Likewise, small to large genera inhabit all global regions.  

 
Figure 4.2 Study species in the major clades of Apioideae (in parentheses: exact number of species studied; 

further unidentified or possibly misplaced: 10-17 spp.); note that protoapioids (after Magee et al. 2010) 

additionally include Choritaenieae, Marlothielleae and Phlyctidocarpeae which are not regarded here. *(Selineae, 

see Apioid superclade): including Arracacia Clade, Perennial Endemic North American (PENA) Clade and 

smaller groups, e.g. Johrenia tribe (modified after Downie et al. 2010). 
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¶ General geographical distribution A major part of the investigated species mainly occurs 

in Europe (20%), the Mediterranean (16%), America (18%) and Asia (17%) species (for 

the geographical information on each single species, see Appendix 4). Corresponding to 

the relative pauperism of local genera, only seven species (four Aciphylla species, Scandia 

rosifolia, Gingidia montana and Anisotome aromatica), all of them belonging to the 

derived clade Aciphylleae, appear in Australia and New Zealand. The second least 

representatives are 15 species (6%) from Africa that also include the Canary Islands 

endemic herbaceous perennials Athamanta montana, Pimpinella anagodendron, Seseli 

webbii and Todaroa aurea. At least 16% (42 species) are widespread weeds and crops. 

¶ Distribution of life forms  About two thirds of our selected species are perennial herbs 

from all over the world. Only 4% of the study species are shrubs and (small) trees or 

woody perennials. The genera Heteromorpha (e.g. H. arborescens, Fig. 4.1 G), Andriana 

and Anginon (e.g. A. difforme, Fig. 4.1 F) grow only in Africa, Myrrhoides in Southern 

America, and the dendroid perennial Pimpinella anagodendron (Fig. 4.1 E) is endemic to 

the Canaries (Tenerife). Scandia is a New Zealand endemic genus, and Bupleurum 

fruticosum (Fig. 4.1 D), the only shrubby European Apioid - besides the Madeiran 

endemic, woody rosette plant Monizia edulis - is found in the Mediterranean area. Most of 

the remaining monocarps (28.5% of the species) derive from Asia or Europe and the 

Mediterranean, or they are widely distributed herbs. None of the studied annuals or 

biennials occurs in Australia or New Zealand, only two of them (Ammodaucus 

leucotrichus, Astydamia latifolia) in Africa and 5 (Angelica hendersonii, Apiastrum 

angustifolium, Cyclospermum leptophyllum, Spermolepis divaricatus, Spermolepis 

echinatus) in the Americas.  

4.3.3 Data collection, terminology and symbols 

For each species, 39 plant and umbel characters (Tab. 4.1 A-AM) are recorded (see Appendix 

4) and six additional species characters (Tab. 4.1 AN-AS) included which are mainly taken 

from the literature. Special attention is paid to the zonation of the flowering shoots, the 

arrangement of lateral branches on the main axis and their architecture, the flowering units, 

numerical data as the number of branches and flowers or the specific degree of branching, and 

presence, absence or development of different organs and structures. Selected species are 

schematically drawn (for symbolism see Fig. 4.3).  
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Table 4.1 Variables of concern (= characters) in the data collection on Apioideae. They can be grouped into four 

subject areas: PLANT HABIT and FLOWERING SHOOT CONSTRUCTION (11 characters, A-K), UMBEL 

POSITION, FORM and ORGANISATION (22 characters, L-AG), FLOWERING and DEVELOPMENT  

(6 characters, AH-AM), GENERAL SPECIES INFORMATION (6 characters, AN-AS). 

A 

GROWTH 

FORM  

B 

HEIGHT OF 

THE PLANTS 

(CM) 

C 

SHOOT 

ARCHITECTURE  

D 

LATERAL 

AXES 1ST
  

ORDER (N) 

E 

BRANCHING 

EXTENT  

F 

INTERNODES 

FZ 

G 

BRANCH 

CLUSTERING   

H 

BRANCH 

CLUSTERS 

POSITION 

I 

LENGTHS  

PROMOTION  

J 

INHIBITION 

ZONE 

K 

TERMINAL 

INTERNODE  

L 

TERMINAL 

UMBEL  

M 

UMBEL 

RAYS  

N 

FLOWERS PER 

UMBELLET  

O 

UMBELLET 

SIZE 

GRADIENT  

P 

TERMINAL 

FLOWERS  

Q 

INVOLUCRUM  

R 

INVOLUCELLUM  

S 

ATTRACTION 

FEATURES 

T 

PLANT SEX 

sex distribution 
W 

ORDINAL SEX 

RATIO  

X 

DOMINANT 

FRUIT SET 

Y 

UMBEL 

DIAMETER  

(CM) 

Z 

DOMINANT 

UMBEL 

ORDER 

AA 

UMBEL SIZE , 

GRADIENTS  
U 

UMBELLET  

V 

UMBELS 

AB 

UMBEL 

SHAPE 
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UMBEL 

CLUSTERS 

AF 

PETAL COLOR 

AG 

PETAL 

CONSPICUITY  

AH 

INDIVIDUAL 

GROWTH 

DYNAMICS  

AI  

DICHOGAMY  

AJ 

FLOWERING 

SEQUENCE 

UMBELLET  

AC 

UMBELLET  

AD 

UMBELS 

flowering sequence 
AN 

LIFE FORM  

AO 

DISTRIBUTION 

AREA  

AP 

HABITAT  

AQ 

FLOWERING 

PERIOD 

AR 

CLADE 

(POSITION) 

AS 

SPECIES 

WITHIN THE 

GENUS 

AK 

UMBEL  

AL 

UMBEL 

ORDER (I)  

AM 

PLANT 

(FLOWERING 

CYCLES) 

 

 

 

Figure 4.3 Symbols, used in the schematic drawings. A. Stem with leaf and indicated lateral axis 

(branch); B. Pedicelled (terminal) flower (here: hermaphrodite;  with white filling: male, or 

SELDOM umbel bud). C. Peduncled umbellet or umbel (here: andromonoecious; with white 

filling: male; with black filling: female). D. Facultative flower. E. Facultative umbellet or umbel. 

F. Lacking (terminal) flower, umbel or umbellet (marked also in the photographs). 

 

To account for natural variation, at least 2-3, mostly 5-10 or even more individuals were 

compared in the wild populations before we delimited the character state. Published literature, 

and a preliminary version of the family treatment in THE FAMILIES AND GENERA OF 

VASCULAR PLANTS (Plunkett et al., in press; provided by Plunkett, pers. comm.), was  
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always consulted to complement missing data on our data set, that were not evident from the 

plant material, or to reassess our observations. This was the case if we had only single 

individuals in cultivation or as herborized material, or umbels were only in very late (fruiting) 

or early (bud) stages, or if it was unclear which part of the plant ï main axis or lateral axis - 

was on hand. 

Collected characters are either more or less constant or definite variables (as shoot orientation, 

and architecture, color or dichogamy) or have a rather constant numerical range (especially 

repetitive features as numbers of umbellets and bracts per umbel or flowers and bracteoles per 

umbellet. Others describe within-plant gradients (e.g.in internode proportions, branch length 

promotion, comparative umbel and umbellet sizes, sex ratios or flowering sequences). 

Terminology mainly follows Reuther & ClaÇen-Bockhoff (2010), but will be commented in 

the detailed context (see below). In view of recent inflorescence morphological studies and 

ontogeny-based inflorescence concepts (Tucker & Grimes 1999; Prenner et al. 2009), the 

umbel as a real óinflorescenceô in contrast to a more general flower aggregate is claimed to 

arise from a so-called floral unit meristem (ClaÇen-Bockhoff & Bull-Here¶u 2013). 

Regarding these current insights, the term ócompound umbelô, arising from a single meristem, 

becomes critical. Therefore, we follow the general use of the term umbel for the apioid 

umbels, made up of umbellets, and refer to the ósimpleô umbels, made up of flowers, as 

umbellets. As the terms determinate and indeterminate refer to the nature of the meristems, 

and, as fas as we know, all apioid umbels arise from determinate meristems, we prefer using 

the terms óopenô for umbels (repectively umbellets) without and óclosedô for umbels 

(repectively umbellets) with terminal umbellets (repectively flowers). We use the term 

óinflorescenceô in a general way, not exclusively for órealô inflorescences, arising from a single 

inflorescence meristem. If so, this is specifically noted. 

¶ PLANT HABIT AND FLOWERING SHOOT CONSTRUCTION  (SCAFFOLD) By 

growth form  (character A), we describe the orientation of the flowering shoots. Height, 

however, characterizes the size of the entire plant. We distinguish very small taxa, with 

inhibited stems (dwarfs), from small, medium and large (giants). For each species, the 

branching system of the main axis (or stem) and lateral axes (or branches) is examined for  
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monopodial or sympodial architecture, or transitional forms as pleiochasia (character C; 

Figs. 2.11-2.13, see Pilger 1921). The number of lateral branches is counted and a 

ramification factor established (following the branching extent, i.e. the number of umbel 

orders that the plants bear). We further characterize the flowering zone (also see Reuther & 

Claßen-Bockhoff 2010, Fig. 2.11) and evaluate enrichment patterns. Although internodes 

were observed to elongate in the course of plant development, certain species-specific 

proportions are usually maintained after all lateral branches have grown out. Because 

branches may develop highly ramified lateral systems during flowering, hindering the view 

of the main axis, relative internode lengths or gradients of the flowering zone 

(character F, if more than two lateral branches are produced) are assessed in the plants, 

shortly before or in the early flowering stage. The absence or presence of branch 

aggregations or clusters (ówhorlsô or rosettes) through rhythmic internode inhibition is 

determined (character G) and located (character H) in the latter case.  

As the shape of the inflorescences (flower canopy) is affected to a great extent by the 

ólongitudinal symmetryô of the flowering shoot (see Barth®l®my & Caraglio 2007; Reuther 

& ClaÇen-Bockhoff 2010, Fig. 2.13) enrichment patterns or rather promotion tendencies in 

the lengths of the lateral branches (character I) are further used to describe the plants.  

To characterize the length or rather proportion of the inhibition zone (character J) and 

terminal internode (character K) in each species, we assume a general subdivision of the 

annual shoot into three equal parts (cp. Reuther & ClaÇen-Bockhoff 2010) and record their 

relative proportions: óshortô equates less than a third the length (cp. Fig. 2.11 b2, b4), 

ópresentô equates about a third, ólongô or extended equates more than a third the length of 

the main axis. 

¶ UMBEL  POSITION, FORM AND ORGANISATION  Each species is examined for the 

production (and if present: size) of a terminal umbel (character L, Fig. 4.3) closing the 

main stem. If the flowering shoot remains óindeterminateô (NOT sensu Prenner et al. 2009 

who uses indeterminate synonymously to racemose), i.e. the terminal umbel is absent, the 

stem is referred to as open. As we have never observed a terminal umbellet within apioid 

umbels before, this feature is not considered a separate character, but kept in view during 

the observations. Umbels of different orders are viewed for size gradients of their  
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umbellets (character O). Several individuals and multiple umbels on a plant are checked 

for their closed in contrast to open nature, i.e. the presence or absence of terminal flowers 

(character P; Fig. 4.3; see Fig. 2.25) in their umbellets and of terminal umbellets in their 

umbels. Bracts (character Q) and bracteoles (character R; see e.g. Fig. 2.25) are counted, 

as described for umbellets and flowers.  

Special attraction features (character S), e.g. enlarged floral or foliar organs, possibly 

shaping pseudanthia, or colorations of plant parts, are specially noted. Optimally twice ï 

during flowering and in the fruiting stage - flowers were checked for their sex (character 

T), corresponding distribution patterns (characters U-V; cp. e.g. Figs. 2.25f) and ordinal 

sex ratio (character W), i.e. sex ratio or gradient between umbels of increasing order. We 

distinguish male, female and hermaphrodite flowers: Flowers producing only stamina are 

male, flowers exhibiting only styles and ovaries are female, and flowers showing both, are 

recorded as hermaphrodite (= bisexual). This means that morphologically bisexual, but 

male sterile flowers are possibly counted as hermaphrodites and flowers with male and 

female structures are determined hermaphrodite even if they do not develop viable seeds. 

As a consequence, the full spectrum of sex forms may not have been captured. Only non-

fruiting flowers with clearly reduced or stunted female organs, already during flowering 

and definitely during the fruiting stage, are counted as (functionally) male flowers. In case 

of bearing multiple óhermaphroditeô flowers with rudimentary organs in umbels of different 

orders, the plant was classified as andromonoecious (but put in parentheses, cp. 4.3.4 Data 

analysis, see Appendices 3-4). The FLORAL SEX RATIO is given as the gradient in the 

numbers of male flowers, i.e. the sex ratio of a species is de- or increasing if the numbers 

of male flowers de- or increase, and the sex ratio remains constant if a gradient is recorded 

to be lacking. The main reproductive output is described by means of the umbel order (or 

orders) bearing most fruits (character X) which is subjectively estimated without counting 

them. 

The assessment of umbel size and form (character AB), within and between individuals, is 

based upon observations from the largest, mostly first-flowering umbels. Whenever a 

species shows extreme umbel size decreases with umbel order, such that only the terminal 

or few umbels reach the highest diameters, it is usually placed in the next-lower size 

category. The diameter (character Y) of the umbels was measured and umbel hierarchies  
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are diagnosed. The dominat umbel order (character Z) is defined by the largest umbel 

diameters. Gradients in umbel sizes (character AA) are subjectively assessed by the 

comparison of umbel diameters. Usually de- or increasing umbel diameters are the result of 

de- or increasing numbers of all flowers or umbellets. Thereby, however, the possible cases 

of increasing diameters, attended by decreasing flower numbers and vice versa, are not 

included. They can be provoked e.g. by changing sex ratios, if flower sizes vary dependent 

on their sex.  

Whenever aggregates of umbels are displayed simultaneously as a unit to serve attraction 

(see Figs. 2.26 a-b, 2.29 a) they are recorded as umbel clusters (character AE). Petal 

conspicuity (character AG) is classified with reference to an average, ónormally presentô, 

relative petal size of the great majority of species, regarding umbellets as well as umbels as 

frame of reference. 

¶ FLOWERING AND DEVELOPMENT  Shoot systems with completed, differentiated 

inflorescence regions at the beginning of flowering are described by low or lacking 

individual growth dynamics (character AH). They remain mostly unchanged during the 

flowering season. Dynamics are assessed high if plenty of developmental changes in the 

shoots, as internode elongations and branch overtoppings, occurred during flowering. If 

additionally, augmenting and fading colors are exhibited in the floral organs or foliage 

during development, they are included in the attraction features (character S). 

To evaluate age and development of floral primordia, especially living plants are 

monitored during anthesis for dichogamy (character AI ) and the order of their flowers 

opening (= flowering sequence) in the umbellets (character AJ), umbels (character AK) 

and all 1
st
-order umbels (character AL). Synchronous development of flowers, umbellets 

or umbels may indicate their joint meristematic origin which would bear a meaning in 

identifying a common floral unit meristem. Thus, we focused on synchronisations and 

acropetal (or centripetal, starting in the outermost flowers of the outermost umbellets and 

succeeding towards the center of the umbels), basipetal (or centrifugal, starting in the 

innermost flowers of the innermost umbellets and succeeding towards the periphery of the 

umbels) or other flowering sequences. Also for the herborized material and species 

screened only once data are collected by comparison of younger and older individuals and 

different umbels and flowers along the branches and within the plants. But because in  
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many-flowered and highly-branched species, flowering sequences cannot be easily and 

clearly reproduced, we pass on assessing them, from second umbel order onwards. As the 

last plant variable, the number of reproductive or flowering cycles (character AM) per 

flowering shoot (and usually season) is recorded. It is described as the number of repeating 

flowering sequences of synchronized flowers (or umbellets or umbels of different, i.e. 

usually successive umbel order).  

¶ GENERAL SPECIES INFORMATION In addition to these 39 characters, more general 

data (6 characters AN-AS) on each species are provided, gathered from the literature, 

mainly from regional floras, printed or online (see references, Appendix 1). Concerning 

life forms (character AN), we discriminate between 1. monocarpic (hapaxanthous), 

annuals or biennials (seldom perennials), 2. polycarpic (pollacanthous) herbaceous 

perennials and 3. shrubs or trees (woody plants), especially to interpret the reproductive 

cycles which are or are not repeated over years. To map the observed species, the 

anticipated distribution area  (character AO) was split into the 5 continents. As a well-

known center of distribution for many Apioideae species (cp. Fig. 1.1), and often 

comprising two or three continents for one species, the Mediterranean area was added 

separately. Species were either classified to be Mediterranean or temperate European, not 

both. To provide an idea of specific life circumstances, even though colonisation often 

stretches along diverse biotopes, we allocated each species to a certain habitat type 

(character AP). We therefor distinguish open vs. shaded, closed environments, lowland, 

coastal and mountainous habitats, and dry vs. humid locations and wetlands. Each species 

is characterized by the particular combination of locations of their occurrence, e.g. by an 

open, dry, lowland or a mountaineous, closed, humid habitat. Information on flowering 

times (character AQ) is given as the months of bloom, here irrespective of the effective 

season in the habitat. The systematic positions (character AR) were determined mainly by 

the recent work of Downie et al. (2010 and pers. comm.; assembled in Appendix 2), and 

more specific literature (see sources for each species, App.1). Species belonging to the 

clades 1-11 are subjectively assumed to form a basal group, and the clades 24-38 a more 

derived one. All other species (clades 12-23) are regarded as members of central clades. 

Species numbers (character AS) within the genus are used to distinguish monotypic, small 

(1-10 species) and large (11-50 species) from very large genera (> 50species). 
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Whenever a character must remain undetermined for now, a question mark is placed in the 

tables (see Appendices 3, 4). If it was seen in only one or few individuals, it remains 

unconfirmed and a question mark is placed behind our observed or most presumed state. 

All character states that are indistinct, or rather weakly developed are put in parentheses. 

Others (especially those with numerical ranges) that show to be largely ambiguous, i.e. to 

vary considerably, inter- or even intra-individually, are marked by an asterisk ó*ô. They are 

contributed to a species, only if the character occurred in the majority of plants. 

 

4.3.4 Data analysis and illustration 

Collected data are analysed for the most frequent character states (peaks in the distribution 

graphs), groupings and combinations or co-occurrence patterns of states to detect similar 

morphological types or models. Special attention is turned to parameters that are shared by 

many to most species and to exceptional or unique properties that only few or single species 

show. We manually matched up species against each other by shared character states, using 

the sorting function in MICROSOFT OFFICE EXCEL 2007, using different sorting variables 

(e.g. systematic position, geographical distribution, and parameters of obvious meaning for 

the breeding system, as dichogamy, sexual system, life form, petal conspicuity). Our purpose 

is to determine functional syndromes of umbel and plant or species characters, i.e. interacting 

morphological and ecological traits, especially in view of the pollination and breeding system; 

Features found in the majority of the most basal taxa are considered to be elements of the 

basic organisation of a characteristic Apioideae inflorescences. 

Frequencies for each character state were calculated using SPSS 15.0 (SPSS Inc., IBM 

Chicago, Illinois, USA) and are given as percentaged bar charts (Figs. 4.5.1-4.5.3). 
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4.4 RESULTS 

We found the 39 characters, collected from the plants and umbels (Tab. 4.2 A-AM) to each 

comprise 2-5(-7) character states. The morphological data set, and the general information on 

the species (Tab. 4.2 AN-AS), is recorded rather precisely with only few gaps for most of the 

study species (see attached Appendix 4, on CD).  

4.4.1 The model apioid - frequent character states in Apioideae 

Regarding each phenological and morphological character separately (cp. Fig. 4.5.1-3 and 

Appendix 3, containing summed-up information on each character and state), investigated 

species are most frequently polycarpic, herbaceous perennials (65.4%) of (15)20-200cm 

(84.0%; both characters combined in 135 species, 52.6%) with the following architectural and 

dynamic features (schematically drawn in Fig. 4.4):  

PLANT HABIT and FLOWERING SHOOT CONSTRUCTION (SCAFFOLD) 

- erect growth (93.8%) and monopodial shoot architecture [73.2%; e.g. Fig. 4.1 D, E, F, H]; 

- (2)3-10 lateral (1
st
 order) axes [71.6%] branching out to the 2

nd
 or 3

rd
 order [53.7%]; 

- 1
st
 order branches tending to be basitonously promoted [40.4 (-51.8)%; cp. Fig. 2.13 c]; 

UMBEL POSITION, FORM and ORGANISATION 

- an obligate terminal umbel [90.3%] subtended by a short terminal internode [57.6%];  

- mostly compact [45.5 (-52.1)%] and rather flat [55.3%] than globose umbels of diameters up to 10cm 

[49.4 (-57.3)%], producing or lacking [each about 43-44%] bracts,  with 10-20(30) umbel rays [58.8%]; 

- umbellets of a more frequently compact structure [49.0 (-57.6)%] with 10-20(30) flowers per umbellet 

[59.1%], subtended by 5-12 bracteoles [39.3 (-60.3)%], lacking a terminal flower [58.8 (-66.9)%]; 

- white petals [63.4%] which were mostly spread and clearly visible [67.3%]; 

- umbels rather scattered than clustered [70.4%], their size decreasing ordinally [56.4%]; 

- an andromonoecious sexual system [64.0%] with a gradual in- or decrease in the proportion [45.1 (-

49.4)%] of centered, (functionally) male flowers in the umbellets [72.3%] and umbels [72.0%]; 

FLOWERING and DEVELOMENT 

- centripetal flower opening [93.0% in umbellets, 86.4% in umbels], protandrous [79.4%] flowers; 

- more or less synchronous flowering of the umbels in each umbel order [presumptively 62.3%] 

- dynamic growth during bloom (with clear internode elongation) [50.2%], and 

- 2-4 flowering cycles per flowering shoot [= multicycle dichogamy, 67.3 (-82.1)%].  
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Figure 4.4 Scheme of the ómodel apioidô; constructed of most of the frequently-occuring character states (data 

from the 255 study species). A. Plant architecture (above) and flowering sequence (below); above, numbers 

specify 1
st
- (1-10) to 3

rd
-(4-431) order umbels, and umbel color indicates umbel sex from Ñ hermaphrodite, dark 

grey, via increasing percentages of male flowers, grey shadings from medium to light, to Ñ male, white); below, 

bars represent synchronously flowering umbel orders T, I, II, III (= terminal umbel, 1
st
, 2
nd
 and 3

rd
 umbel order) 

being composed of protandrous flowers (white = male phase, black = female phase); B. Umbel (with facultative 

bracts), sex ratio (increasing proportions of male flowers towards the center of the umbel and umbellets, 

indicated by the color gradients from dark grey = Ñ hermaphrodite to white = Ñ (male), and flowering sequence 

(indicated by the arrows and bar, cp. A); C. Umbellet (with several bracteoles), sex distribution (peripheral 

fruiting = dark grey and non-fruiting = light grey, hermaphrodite and central male flowers) and flowering 

sequence (indicated by the arrows and bar, cp. A); t = time course. 
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Table 4.2 Characters and detected states, for further explanation see text. 

Character Character states 

A. Growth form, shoot orientation:  0, erect; 1, creeping; 2, ascending; 3, inhibited;  

4, procumbent (Fig. 4.6). 

B. Plant (or stolon) height:  0, 0-10(15) cm (dwarf); 1, (15)20-50(100) cm (small); 

2, 60-200 cm (medium); 3, more than 200 cm (giant). 

C. Shoot architecture:    

   (based on the main axis; 

    cp. Fig. 2.12). 

0, monopodial stem and branches; 1, monopodial 

stem, overtopping (or reduced) to sympodial 

branches;2, sympodial stem and branches. 

D. Lateral, 1
st
-order axes (no.):  0, 0-1(-2); 1, (2)3-10(13); 2, >10. 

E. Branching extent:  

   (no. umbel orders). 

0, only T; 1, T and I; 2, T to III; 3, T to many (usually Ó 

IV). 

F. Flowering zone internodes: 

   (gradients, Fig. 4.10). 

0, equally dispersed; 1, distally decreasing;  

2, divergent; 3, distally increasing; 4, irregular. 

G. Branch clusters/whorls:  0, absent; 1, present; 2, irregular between 

individuals. 

H. Position branch clusters:  

   (whorls; Fig. 4.12). 

1, basal; 2, median or repeated; 3, distal; 4, irregular. 

I. Length promotion:   

   (1
st
-order, cp. Fig. 2.11). 

0, homogenous; 1, basitonous, 2, mesotonous;  

3, acrotonous; 4, irregular. 

J. Inhibition zone:  0, absent; 1, short; 2, present; 3, long; 4, irregular.  

K. Terminal internode:  

   (cp. Fig. 2.11). 

0, completely absent; 1, short; 2, present; 3, long;  

4, irregular. 

 

Character Character states 

L. Terminal umbel:  0, present; 1, absent; 2, facultative (Fig. 4.3). 

M. Umbel rays (no.):  0, 1; 1, 2-5(10); 2, (3)6-15(20); 3, (10-)16-30(-50);  

4, 31-¤. 

N. Flowers per umbellet (no.):  0, 1; 1, 2-5(10); 2, (3)6-20(30); 3, (15)21-¤;  

O. Umbellet size (gradient): 0, constant size; 1, horizontal decrease (Fig. 4.20) 

P. Terminal flowers:  0, present; 1, absent; 2, facultative within individuals; 

3, facultative between individuals. 

Q. Bracts (Involucrum):  0, 0(-3); 1, (1)2-4(5) 2, (4)5-10(12); 3, >10. 

R. Bracteoles (Involucellum):  0, 0(-3); 1, (1)2-4(5) 2, (4)5-10(12); 3, >10. 

S. Attraction feature: 0, umbel rays; 1, umbellet rays; 2, stamina;  

3, involucral rays; 4, stylopodes; 5, involucellar rays; 

6, leaves. 

T. Sex:  0, andromonoecious; 1, hermaphrodite; 2, (gyno-) 

dioecious. 

U. Sex distribution patterns 

(umbellet):  

0, central staminate flowers (except terminal 

flowers); 1, peripheral staminate flowers;  

2, Echinophora pattern. 

V. Umbel sex ratio:    

   (horizontal gradient). 

0, centripetal; 1, centrifugal; 2, constant;  

W. Ordinal sex ratio (gradient): 0, constant; 1, gradual increase; 2, gradual 

decrease; 3, abrupt change; 4, irregular. 



4 óAnd yet they varyô ï Spatial-temporal diversification and the functional syndrome in flowering apioids  88 

 

Table 4.2 continued 

Character Character states 

X. Predominating fruit set:  

   (no. seed) 

0, evenly spread; 1, terminal umbel; 2, 1
st
  (to 2

nd
 ) 

   order; 3, higher orders (> 2
nd
), 3, irregular. 

Y. Umbel diameter (cm): 0, <2.5(3); 1, (2)3-6(8); 2, (4)6-20(25);  

3, (12)20-50(...); 4, variable. 

Z. Predominating umbel order: 0, terminal; 1, first; 2, second; 3, none; 4, variable. 

AA. Umbel size gradient:  

   (Fig. 4.28) 

0, ordinal decrease; 1; rather constant; 2, variable,      

without gradient; 3, initial increase, then decrease. 

AB. Umbel shape: 

   (Fig. 4.29) 

0, flat (to V-shaped); 1, hemispheric to globose  

(convex); 2, changing, irregular. 

AC. Umbel density:  

   (Fig. 4.30) 

0, umbellets diffuse (A); 1, loose (B); 2, compact (C); 

3, condensed (D). 

AD. Umbellet density:  

   (Fig. 4.30) 

0, flowers diffuse (A); 1, loose (B); 2, compact (C);  

3, condensed (D). 

AE. Umbel clusters: 0, absent; 1, present. 

AF. Petal color: 0, white (-ish to reddish); 1, yellow (-ish, to reddish-

brownish); 2, green (-ish to reddish); 3, purplish. 

AG. Petal conspicuity: 0, reduced; 1, normally present; 2, enhanced. 

AH. Dynamics (shoot system) 0, lacking or low; 1, modifications; 2, high. 

AI. Dichogamy: 0, protogyny; 1, protandry. 

AJ. Flowering sequence umbellets: 0, flowers synchronously; 1, centripetal (terminal 

flowers delayed); 2, centripetal (terminal flowers 

first!); 3, flowers successively. 

 
Character Character states 

AK. Flowering sequence umbels: 0, umbellets synchronously; 1, centripetal;  

2, umbellets successively. 

AL. Serial flowering sequence:  

      (Fig. 4.35) 

0, umbels more or less synchronously; 1, divergent; 

2, acropetal; 3, basipetal; 4, irregular, unclear 

pattern. 

AM. Flowering sequence plant  

       (ócyclesô): 

0, 1; 1, 2-4; 2, normally at least 4-5.  

AN. Life form: 0, monocarpic; 1, polycarpic, herbaceous;  

2, woody. 

AO. Distribution area: 0, temperate Europe; 1, Mediterranean 

(Europe/Africa/Asia); 2, Asia; 3, New World, 

Americas; 4, Africa; 5, Australia, New Zealand, 

Australasia; 6, widespread, across at least (2-)3 

continents. 

AP.Habitat: 0, open, arid; 1, open, semiarid to humid; 2, open, 

wetlands, marshes, swamps; 3, shaded  (woodlands, 

shrubberies), dry; 4, woodlands, shrubberies, moist 

to wet; 5, mountains, gorges, cliffs (moist/wet);  

6, dry mountains, desert valleys. 

AQ. Flowering: given as months  

AR. Systematic affiliation:       

      (clade position) 

0, basal (clades 0-12); 1, central (clades 13-23);  

2, derived (clades 24-38);0, unknown, unidentified. 

AS. Species number (within genus): 0, 1; 1, <10; 2, 11-50; 3, >50. 
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Figure 4.5.1 
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Figure 4.5.2 








































































































































































