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ABSTRACT 

The tribe Lobelioideae (Campanulaceae) is represented by woody species in certain insular and island-like areas, most 
notably the Hawaiian Islands, the mountains of East Africa, and the Andes. Because the lobelioids are basically an 
herbaceous group in which increase in woodiness is a response to uniform, often tropical conditions, they have developed 
wood of a type unlike that found in basically woody groups of dicotyledons. Vessel element length and diametet are 
greatest in species of very wet areas. Ray size appears related to the size of plant: taller, wider rays occur in larger 
shrubs and trees. Scalariform pitting on lateral vessel walls is common in many lobelioids, especially those of a some
what succulent nature where mechanical strength seems less important. To explain how long vessel elements, pre
dominantly erect ray cells, and presence of scalariform lateral wall pitting of vessels can occur in such a specialized 
group of dicotyledons, the concept of paedomorphosis (juvenilism, neoteny) is invoked. Data on 56 species (several 
collections for many of these) are summarized in chart form, and anatomical features are discussed with relation to both 
taxonomy and ecology. 

LOBELIOIDS OFFER A distinctive example of an herba

ceous group in which woodiness has apparently in
creased in tropical insular and island-like areas. Be
cause lobelioids have small, easily-distributed seeds, 
they have been able to reach remote oceanic islands 
and continental mountain tops. Although one may 
not regard lobelioids as a characteristically weedy 
group, they evidently are, for they have been able to 
evolve rapidly and sensitively in pioneering areas. 
The areas in which lobelioids have increased in wood
iness have what could be termed an even or moder
ate climate: cool tropical or subtropical conditions 
throughout the year. Oceanic islands have climate 
moderated by the maritime environment, so that the 
growing season is, in fact, the entire year. High 
mountains close to the equator also have a year
long temperate climate: while diurnal temperature 
fluctuation is drastic, winter days are virtually the 
same as summer days. The Hawaiian Islands and the 
highlands of East Africa are probably the most fam
ous sites of Iobelioid evolution, but by no means 
the only ones that conform to the climatic regime 
described above. Among insular areas, islands of 
southeastern Polynesia have endemic woody Iobe
lioid genera: Apetahia (Raiatea) and Sclerotheca 
(Rarotonga, Tahiti. Marquesas, Rapa). The Andes 
may not often be regarded as an insular area, but 
they are: as geologically new high mountains in an 
equatorial region, they have acquired floristic ele
ments to a great degree by long-distance dispersal. 

1 These studies were aided by grants from the National 
Science Foundation: NSFG-23396, GB-4977x, and GB-
14092. The writer expresses appreciation for this as
sistance. 

The large Iobelioid genera Centropogon, Burmeistera, 
and Siphocampylus are mostly Andean in their de
velopment (Wimmer 1956). At least some species 
of these genera are significantly woody. Other her
baceous families show phyletic increase of woodi
ness in the Andes, especially near the equator: Hydro-
phyllaceae (Wigandia), Polemoniaceae (Cantua), 
Solanaceae (several genera, notably Solatium, Nico
tians, Cestrum), Asteraceae (many genera, notably 
Espeletia, Senecio, Gynoxys). 

From the baccate-fruited Cordilleran lobelioids 
of South America (e.g., Centropogon, Burmeistera, 
Pratia), the baccate-fruited Hawaiian genera (Delis-
sea, Cyanea, Rollandia, Clermontia) have probably 
been derived. Baccate fruits are excellently suited 
to long-distance dispersal, especially if they have 
small seeds. Although one might not expect this, 
baccate and drupate fruits must be hypothesized as 
the dispersal type for fully 50 per cent of the immi
grants that must be postulated to account for the 
origin of the native Hawaiian flora (Carlquist 1967). 
The Hawaiian baccate lobelioids have radiated in a 
spectacular fashion. They include large shrubs, small 
trees, palmiform rosette trees, and succulent rosette 
plants. Some species have considerable xylem de
velopment. The largest Hawaiian Iobelioid sample 
I have collected is about 10 inches in diameter 
(Clermontia clermontioides2). An understanding 
of the habits of Hawaiian lobelioids is essential to 
comprehension of the patterns of their wood anatomy. 
For photographs of these plants, the reader can con
sult Rock (1919) or Carlquist (1970). 

2 Authorities for all species studied arc cited in table 1. 
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Lobelia, the largest of the lobelioid genera with 
capsular fruits, is world-wide in distribution (Wim-
mer 1956). Very small seed size has undoubtedly 
aided this distribution pattern. Some of the Hawai
ian species of Lobelia are rosette plants with appre
ciable wood development. The East African species 
of Lobelia are justly famous. Of these, the alpine 
species are most frequently illustrated. These, al
though large-leaved conspicuous plants, are not as 
large or woody as the species of subalpine wet for
est, such as L. gibberoa or L. lanuriensis. For illu
strations of African Lobelia species and information 
regarding their taxonomy and ecology, the reader can 
consult Hauman (1933) and Hedberg (1957, 1964). 

Lobelia has reached the Hawaiian Islands—per
haps through more than one colonization. The bog 
species, L. gaudichaudii, would represent one of these 
hypothetical colonizations. The blue-flowered spe
cies, such as L. hypoleuca, would represent a second 
colonization. The endemic Hawaiian genus Trema-
tolobelia may represent a third colonization by Lo
belia, of which Trematolobelia is, in essence, a seg
regate. Likewise, Apetahia and Sderotheca seem to 
me to be colonizations of southeastern Polynesia by 
Lobelia-like ancestors. I believe that Apetahia and 
Sderotheca are closely related, although Wimmer's 
(1953) treatment suggests no close relationship be
tween the two. Brighamia, which Wimmer places 
next to Apetahia, has a papery, rather than a woody 
capsule. The relationships of Brighamia are not ob
vious at present, but they might lie with Isotoma 
rather than the baccate genera or with Lobelia. 

In a group such as Lobelioideae, the interest in
herent in the study of wood anatomy lies in how 
patterns of wood anatomy in an essentially herba
ceous family differ from those in a woody family. 
The wood of lobelioids is, in fact, different from 
that of a typically woody family. Examples from 
lobelioid woods were cited in a paper dealing with 
juvenilism (Carlquist 1962) for this reason. The 
nature of these distinctive features and how they re
late to ecology and evolution are detailed in the dis
cussion section that terminates this paper. 

Few studies have been done on wood anatomy 
of herbaceous dicotyledons. This is especially true 
of lobelioids. The summary for the family given 
by Metcalfe and Chalk (1950), for example, is based 
only on the description by Record and Hess (1943) 

for a single species, Siphocampylus umbellatus. The 
survey of anatomy of lobelioids by Ydrac (1905) 
describes the primary vascular cylinder, but does not 
include secondary xylem. One might have thought 
that at least one species of lobelioid might have been 
included in Brown's (1922) survey of wood anatomy 
of Hawaiian trees, but he did not study any. Wim
mer's (1956) review of anatomical literature on 
lobelioids reveals a lacuna with respect to wood 
anatomy, and none of the taxonomic papers by Rock, 
Hauman, or Hedberg cited above deals with ana
tomical aspects. 
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A few wood samples were derived from her
barium specimens, but the vast majority were col
lected in the field, and are documented by herbarium 
specimens collected at the same time. All specimens 
investigated in this study are listed in table 1. 
Lobelioid woods are very soft and subject to mold 
infestation. This could be effectively countered only 

FIGURES 1-4. Figures I, 2. Apetahia raiateensis H. Baill., Carlquist 666. Figure 1. Transection; note vessel group
ings.—Figure 2. Tangential section. Course of rays and fascicular areas is wavy. Figures 3, 4. Brighamia insignis A. 
Gray, Carlquist 1649. Sections from more fibrous wood near base of stem. Figure 3. Transection. More fibrous portions 
of fascicular areas above.—Figure 4. Tangential section. More fibrous portions of fascicular areas at left. 

Magnification for figures 1—4 (and also all other figures except figures 41—46) indicated by micrometer scale at top 
of figure 1, photographed at same scale as wood sections. Micrometer scale shows 1.5 mm. 
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