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dense endexinous layer occurs inner to the ektex-
ine both in the operculum and along the periphery
of the aperture. Walleria differs in that the oper-
culum consists of a band of granular ektexine atop
the endexinous basal layer; otherwise the opercu-
lum of Walleria is ultrastructurally identical to
that of other Tecophilaeaceae.

KaryoLogy. (Data from Cave 1970; La Cour
1956; Nietsch 1941; Ornduff 1979; Satd 1942; Sen
1975). The basic chromosome number is mainly x
= 12 or 11 (x = 10 in Odontostomum). Most spe-
cies are diploid, with 2n = 24, for example in
Cyanastrum cordifolium (Nietsch 1941) (although
2n = 22 was recorded by Sato 1941 for Cyana-
strum cordifolium), Cyanella alba, C. orchidi-
formis, Tecophiliaea cyanocrocus and Walleria.
Cyanella is the most variable genus, with 2n = 24,
28, or 48 in C. hyacinthoides, 2n = 16, 24, or 48 in
C. lutea, indicating both aneuploidy and tetrap-
loidy (Ornduff 1979).

PoLLINATION. The poricidal anthers and flower
structure of Tecophilaeaceae indicate buzz polli-
nation, at least in the taxa with small, dry pollen
(e.g., Cyanella) (Endress 1996). Only Cyanella has
been studied with regard to pollination and repro-
ductive biology (Dulberger and Ornduff 1978,
1980). No nectar is produced in observed species
of Cyanella. Flowers are slightly scented. Insect
guides are present in some species; in C. alba and
C. lutea black spots occur on the connectives of
the 5 posterior stamens; in C. orchidiformis tepals
are light purple with dark purple bases. Cyanella
spp. are heterantherous, having either 5 or 3
smaller posterior stamens and either 1 or 3 large
anterior stamen(s). Pollen escapes only when the
anthers are pulled down and released, the result-
ant snapping action producing a cloud of pollen. A
springlike mechanism in the posterior stamen(s)
may be enhanced by versatile anthers (in C. lutea
and C. orchidiformis) and by the occurrence in the
posterior anther(s) of an abaxial fleshy “cushion”
(in C. hyacinthoides and C. lutea). Under natural
conditions, pollen is thought to be discharged by
rapid vibration from a heavy-bodied bee, as into
other poricidally dehiscent flowers. The posterior
stamens may function primarily in insect feeding
and the anterior stamen(s) in pollination, al-
though no significant differences in pollen size,
morphology, or viability occur (Dulberger and
Ornduff 1980; M.G. Simpson, pers. observ.).
Stylar enantiomorphy occurs in both Cyanella
alba and C. lutea by the deflection of the style in a
direction opposite to that of the anterior stamen.

In these species pollen would tend to be deposited
to one side of an insect’s body in a location that
would promote pollen flow only to a flower with a
different stylar orientation. Thus, stylar enantio-
morphy might tend to promote pollen transfer
between different enantiomorphic flower types
(Dulberger and Ornduff 1980). In C. alba, in which
left-handed and right-handed flowers occur
mostly on different individuals, stylar enantio-
morphy would enhance outcrossing. However,
moderate to strong self-incompatibility is re-
ported in all investigated species of Cyanella.

FruUIT AND SEED. The fruit of Tecophilaeaceae is
a globose, ovoid, or obovoid, generally 3-lobed
loculicidal capsule (perhaps berry-like in
Walleria). Laterally branched dorsal veins are
often prominently visible in the fruit wall.

Seed structure is highly variable in the family
(Huber 1969; Brummitt et al. submitted; P. Rudall,
unpubl.). Seeds are ellipsoid, ovoid, or roughly
spherical in Kabuyea. Seeds of Conanthera,
Cyanella, Odontostomum, Tecophilaea, and
Zephyra are small, whereas those of Walleria,
Kabuyea and Cyanastrum are relatively large (up
to 9mm long in Cyanastrum). Seed colour ranges
from phytomelan-black in Cyanella (Huber 1969)
to brown in Conanthera, yellow to mid brown in
Kabuyea and Cyanastrum, and dark brown in
Walleria. In Kabuyea and Cyanastrum the testa is
deeply pitted, either over the entire surface
(Kabuyea) or at the chalazal end (Cyanastrum). In
Kabuyea the pits contain rows of tiny micro-
prickles. Cyanastrum seeds have an obvious swol-
len region at the chalazal end, which is lacking
from the other taxa. In cross-section this region
consists of loosely packed thin-walled cells in long
strands, derived from the chalazal region outside
the vascular bundle (i.e., not from the nucellus).
Fries (1919) considered this tissue (which he
called a chalazosperm, pointing out that it is not a
perisperm) most likely to be a storage tissue, be-
cause mature seeds of Cyanastrum lack en-
dosperm. However, he conceded that it has
similarities with the elaiosomes found in seeds of
other asparagoid taxa, and it could well have a role
in seed dispersal. The role of this tissue is still
unresolved. It is apparently lacking from most
other Tecophilaeaceae, such as Cyanella (De Vos
1950), although Cave (1952) noted a similar, prob-
ably homologous, starch-rich chalazal tissue with
loose strands of cells in the seed of Odontos-
tomum. In Tecophilaea seeds there is no massive
“chalazosperm”, but the chalazal tissue prolifer-
ates and becomes loosely packed (Rudall 1997).
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KEY To THE GENERA

1. Corm lacking a tunic 2
- Corm with a membranous or fibrous tunic 4
2. Leaves cauline, ovary almost superior, seeds brown, warty
7. Walleria

- Leaves basal to subbasal, ovary semiinferior, seeds yellow,
pitted 3

3. Leaves usually solitary, distinctly petiolate, perianth blue,
seeds with chalazosperm 2. Cyanastrum
- Leaves 4 per corm, indistinctly petiolate, perianth white,

seeds lacking chalazosperm 4. Kabuyea

4. Fertile stamens 6, staminodes absent 5

- Fertile stamens 3 or 4, staminodes present 7
5. Stamens dimorphic, of 2 different sizes and shapes

3. Cyanella

- Stamens all of similar size and shape 6

6. Stamens apically connivent, equal in a single ring; anthers

narrowly lanceoloid 1. Conanthera

- Stamens distinct, positioned 5 posterior and 1 anterior;

anthers obloid 5. Odontostomum

7. Fertile stamens 3, staminodes (posterior) 3 6. Tecophilaea
- Fertile stamens 4, staminodes (latero-posterior) 2

8. Zephyra

1. Conanthera Ruiz & Pav.

Conanthera Ruiz & Pav., Fl. Per. 3: 68, t. 301 (1802).

Herbs with tunicated corm; leaves basal, narrowly
linear, glabrous, twisted and curled at anthesis;
inflorescence an elongate panicle (raceme of
racemes); bracts subtending only pedicels; flowers
ca. 1.5cm long; tepals blue to purple (sometimes
blotched with black and white), zygomorphic;
stamens 6; pollen operculate; ovary semi-
inferior; ovules numerous; seeds ellipsoid, later-
ally flattened. Five spp., Chile, open hills and
grasslands.

2. Cyanastrum Oliv. Fig. 122

Cyanastrum Oliv., Hook. Icon. PL. 10: t. 1965 (1891).

Herbs with nontunicated corm, bearing leaf and
inflorescence separately, each surrounded by dif-
ferent cataphylls; leaves usually solitary, basal,
petiolate, with * cordate base; inflorescence a
raceme; bracts and bracteoles sometimes absent;
tepals blue; stamens 6, equal; pollen non-
operculate; ovary semiinferior, with sunken style;
ovules 2 per carpel; seeds large, ovoid, yellow to
brown, deeply pitted, with “chalazosperm”. Three
spp., tropical Africa.

3. Cyanella Royen ex L. Fig. 123

Cyanella Royen ex L., Gen. ed. 5: 149, et add. post index.
(1754).

Herbs with tunicated corm; leaves basal, sheathing
(outer leaf sheath large and enclosing other leaf
bases in some spp.), lanceolate to acicular;
inflorescence a panicle or flowers solitary; bracts
subtending pedicels and bracteole inserted ca.
2/3 along length of pedicel; flowers ca. 2.5cm
wide; tepals white, yellowish, or violet (with
dark purple bases in C. orchidiformis) zygomor-
phic (or slightly asymmetric by virtue of stylar
enantiomorphy); stamens 6, dimorphic, either
with 5 small posteriorly positioned stamens
and 1 large anterior stamen or with 3 small
posterior and 3 large anterior stamens; filaments
stout, abrubtly incurved in posterior stamens;
connectives of the 5 posterior stamens with black
spots in C. alba and C. lutea; pollen operculate;
ovary semiinferior; ovules numerous; seeds dark
brown, ovoid, laterally flattened. Seven spp., S
Africa.

4. Kabuyea Brummitt

Kabuyea Brummitt, Kew Bull. (in press) (Cyanastrum
hostifolium Engl.)

Herbs with nontunicated corm, bearing leaf and
inflorescence together, both surrounded by the
same cataphyll; leaves basal, indistinctly petiolate;
inflorescence a raceme; bracts sometimes absent;
tepals white; stamens 6, equal; anthers dehiscing
by a short clavate introrse slit near apex; pollen
nonoperculate; ovary semiinferior, with sunken
style; ovules 2 per carpel; seeds large, = spherical,
yellow, deeply pitted, lacking “chalazosperm”.
Only one sp., K. hostifolia (Engl.) Brummitt, tropi-
cal Africa.

5. Odontostomum Torr.

Odontostomum Torr., Pacif. Rail. Rep. 4: 150 (1856).

Herbs with tunicated corm; leaves basal, sheath-
ing, very narrowly lanceolate; inflorescence a
panicle (a raceme of 1-3 racemes); bracts very
narrowly triangular; flowers ca. 1cm long; tepals
creamy white, slightly zygomorphic, with a rela-
tively long (ca. 5mm) ascending tube, minute
coronal appendages arising at mouth of perianth
tube between adjacent tepals; stamens 6, identical
in size and shape, with 5 stamens positioned pos-
teriorly in a semicircle and 1 stamen positioned
anteriorly; pollen operculate; ovary mostly (ca. %)
superior, slightly 3-lobed apically; ovules 2 per
carpel; seeds brown, obovoid. Only one sp., Cali-
fornia.
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Themidaceae

K. RAHN

Themidaceae Salisb., Gen. Pl.: 85 (1866).
Alliaceae subfam. Brodiaeoideae Traub (1972).

Acaulescent or short-stemmed perennial geo-
phytes without alliaceous odour; stem swollen,
forming a starch-storing corm; shoot growth mo-
nopodial; each shoot forming a new corm every
year on top of and from apex of the corm of the
previous year; green leaves and scapes appearing
from the upper part of the young corm; the dried
leaf bases of previous year enveloping the young
corm and forming a membranous, reticulate, or
fibrous tunic. Leaves spirally arranged, linear, flat,
angular, terete, or fistular, often fleshy, forming
closed sheaths below; veins parallel. Scape usually
solitary, from a leaf axil near the top of the new
corm. Inflorescence an umbel, rarely reduced to a
single flower. Pedicels often articulated at base
and/or at apex, and subtended by an individual
small bract (2 when the flower solitary). Flowers
hermaphroditic, actinomorphic. Tepals 3 + 3,
usually * united below. Three or 6 stamens
fertile, the missing ones often transformed into
staminodes. Filaments inserted on the tepals, free
from each other or united, often with lateral,
dorsal, or apical appendices. A corona, scales or
appendices often present between tepals and
stamens. Anthers versatile except in Brodiaea and
Dichelostemmma, * basifixed, introrse, opening
with longitudinal slits. Ovary superior, sometimes
on a gynophore, tricarpellate, trilocular. Style
solitary, erect, at apex of ovary. Stigma capitate
or trilobate with a Dry or sometimes Wet
(Bloomeria) surface. Two or several ovules in each
locule. Ovules anatropous. Fruit a loculicidal cap-
sule with few to numerous seeds. Seeds 2-several
in each loculus, angular or semiovoid (triangular
in transection). Testa usually with a thick crust
of phytomelan. Endosperm with fatty oils and
aleuron, but no starch. Embryo short and straight.

Comprising 12 genera and about 60 species
in western N America, a single species reaching
Guatemala.

VEGETATIVE MorPHOLOGY. The leafy part of the
stem is short in all species, and transformed to a



