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SYSTEMS IN GLADIOLUS Peter Bernhard:!

(IRIDACEAE: CROCOIDEAE)

IN SOUTHERN AFRICA!

ABSTRACT.

Pollination strategies adopted by the largely sub-Saharan African Gladiolus (appraximately 260 species), one of the
largest genera of the monocot family Iridaceae, are unusually diverse. The primary or sole pollinatars include long-
tongued apid and anthaphorine bees {Apidae), short-tongued halictid and andrenid bees (Halictidae, Andrenidae),
sometimes in combination with hopliine beetles (Scarabacidae), long-proboscid flies (Nemestrinidae, Tabanidae), large
butterflies {Satyridae), moths (mostly Noctuidae and Sphingidae), and sunbirds (Passerinae). Floral form correlates
clasely with pollination strategy, allowing us to infer the pollination ecology of almast all 165 species in southern Africa,
although we have observations of animal visitors capable of accomplishing pollen transfer in only half this number.
Pollination hy apid hees foraging for nectar and passively transferring pollen brushed onto their bodies during feeding
occurs in all seven sections of the genus in southern Africa and is also the most common strategy in five of these
sections. Other pollinators include female bees actively foraging for pollen, ar long-proboseid flies, sunbirds, moths,
the satyrid hutterfly, Aeropetes, all foraging for nectar, and in ane species hopliine beetles that use the flowers as sites
for assembly and copulation. Shifts in floral form associated with changes in pollination appear complex in the large
flowers of Gladiolus species, but may in fact involve relatively simple developmental modifications, invelving changes
in perianth pigmentation, and often the type of marking on the tepals, presence or absence of scent, length of the
perianth tube, and occasionally a shift from zygomorphy to actinomarphy. Associated with. these changes is 2 correlated
adjustment in nectar characteristies, including volume, sugar concentration, and sometimes sugar chemistry. With an
inferred minimum of 32 shifts in pollination system in the 165 species in southern Africa, Gladiolus appears to have
an unusually labile foral morphology, which may accaunt for its extensive adaptive radiation.

Rey words:  bees, butterflies, floral ecalogy, Gladinlus, Tridaceae, long-probuscid flies, moths, nectar, pollination
syslems, sunbirds.

The pollination ecology of most genera of African
Iridaceae is remarkahly diverse (Bernhardt & Gold-
blatt, 2000). For example, in Sparaazs four different
pollination systems have been described in 13 of
its 15 species studied (Goldblatt et al., 20004). In
genesal, the larger the genus the greater the diver-
sity of pollination systems. Thus, in Lapeirousic
{Goldhlatt et al., 1995}, with almast half the species
in the genus studied, five different pollination sys-
tems have been identified among 20 species. For
the genus fxiz, with an estimated 50 species, six
different systems have been described for 20 spe-
cies {Goldblatt et al., 2000b). The genus Glodiolus,
with some 255 species in Africa, is thus a primary
target for the analysis of pollination systems as it
1s the largest genus in the family in Africa (Gold-
blatt, 1996; Goldblatt & Manning, 1998).

Seven distinct and, with few exceptions, non-
averlapping pollination systems (Table 1} accur

among the 80 Gladiolus species studied to date,
which suggests that the range of pollination systems
in Gladiolus may be wider than in any other genus
of the Iridaceae in Africa and probably in the entire
family. A general review comparing the pallination
systems in Gladiolus 1s useful for twa reasons. First,
as usual, significant literature is scattered through-
out technical journals, popular publications, and
scientific monographs. Second, hecause widely dif-
ferent pollination systems oceur in closely related
species, a review of pollination in Gladislus may
make a useful model system for expanding our un-
derstanding of the adaptations associated with pol-
lination shifts and how often pollination mecha-
nisms change within a plant lineage.

Gladiolus is believed ta be monophyletic, as cir-
cumscribed by Goldblatt and Manning (1998). It is
defined largely on non-floral characters, the flowers
being highly variable as they reflect direct adap-
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tations to particular pollination systems. The genus
is defined by its unique ancestral basic chroma-
some number, x = 15, an inflated capsule, seeds
with a broad circumferential wing, and a derived
style in which the slender branches have expanded,
bilobed tips that are conduplicate in bud and dur-
ing the initial male phase of anthesis. The style
appears to be the anly floral feature that is apo-
morphic for the genus.

Distinctions between species, even those with
different pollination systems, are relatively fine, al-
though they appear highly visible in large-flowered
plants such as Gladiolus. For example, the length
and shape of the perianth tube, sometimes com-
bined with a change in overall pigmentation, and
details of the contrasting markings on the lower te-
pals (nectar guides} may signal a shift from apid-
anthophorine hee ta bird or long-proboscid fly pol-
lination (Goldblatt & Manning, 1998; Goldhblatt et
al., 1998a, 1999). Tube length may be as short as
2.5 mm to as long as 120 mm. Floral pigmentation
and patterning are extraordinarily diverse and flow-
ers may be virtually any color and bear diverse
types of nectar guides, including longitudinal or
transverse banding, diffuse speckling, or no appar-
ent contrasting marks. Nectars are mastly sucrose-
dominant, but a4 few species of Gladiolus sect. He-
bea have hexose-dominant nectar. Most species
have a tube with nectar in the lower half, but a few
have the tube tightly enveloping the style and do
nat secrete nectar. Flowers may be zygomorphic
with unilateral, arcuate stamens and style, or the
perianth may be actinomorphic with the stamens
and style either symmetrically arranged or unilat-
eral.

Several of these differences appear so gross that
the affinities of highly specialized species were, in
the past, often misunderstood, and Glediolus spe-
cies were segregated in several different genera
based on a range of floral features now known to
he adaptations for particular pollination systems.
Thus, Acidanthera included some Gladiolus species
with white to pink, long-tubed flowers, and Anom-
alesia, Homoglossum, Kentrosiphon, and Oenostach-
vs included species with bright red, long-tubed
flowers, with the bracts, tepals, and floral tube mod-
ified in different ways. It is now known that Aci-
danthera was a polyphyletic assemblage of plants
with flowers adapted for pollination by maths or
long-proboscid flies. Its constituent species have
heen transferred to several genera, including Ba-
biana, Geissorhizo, and Hesperantha (Goldblatt,
1984, 1985}, although the type species is now in-
cluded in Gladiolus (Goldblatt, 1996). In contrast,
Anomalesia, Homoglossum, Kentrosiphon, and Oen-

astachys comprise species with flowers adapted for
pollination by sunbirds {Goldblatt, 1996; Goldblatt
& Manning, 1998), all now believed to he nested
within different sections of Gladiolus. The redue-
tion of these genera and the resulting reclassifica-
tion of their species resulls in an entirely different
picture of the adaptive radiation of a monophyletic
group. What emerges is that in certain genera, of
which Gladiolus is the prime example, the “cor-
rect” classification, that is, a monophyletic ane, is
vital to the interpretation of the adaptive radiation
of a clade. In Gladiolus relatively minor structural
modifications to suites of floral features cause pol-
lination systems to change dramatically. In contrast
to genera like Pedicularis (Scrophulariaceae),
where changes in floral features alter the made of
pollination but not the pollinators (Macior, 1982,
1984), flaral changes in Gladiolus often alter the
pollen vectors radically, shifting pollination from
ane order of insects or hirds to another.

Field studies of selected species of Gladiofus
from different sections of the genus and including
examples of several species of each of the main
flower types show that flower type fram whatever
section closely correlates with pollination strategies
(Tohnson & Bond, 1994: Goldblatt et al., 19984, b,
1999; Galdblatt & Manning, 1998, 1999, 2002).
This allows us to infer pollination strategies of all
but a few of the 165 species of Gladiofus that oceur
in southern Africa, site of most of the pollination
studies so far conducted in the genus. Comparing
pollination strategies in the genus with the phylo-
genetic classification proposed by Goldblatt and
Manning (1998) makes it possible to infer, to a
large extent, the patterns of floral radiation and as-
sociated pollination shifts that have oceurred in the
genus. This in turn permits us ta gauge with some
measure of canfidence the evalutionary lahility in
pollination strategies and the extent to which an-
cestral floral morphology determines pollination
system.

Frorar DIVERSITY IN GLADIOLUS

Although species of Gladielus exhibit a wide
range of floral form and are particularly variable in
perianth pigmentation, all share one impaortant fea-
ture relating to their pollination ecalogy, a perianth
tube. In most species, the tube forms a reservoir
far nectar secreted from septal nectaries. Addition-
ally, all but two of the sauthern African species (6.
quadrangulus and G. steflatus) have unilateral sta-
mens and styles, with the anthers narmally exserted
from the tube and arched below the dorsal tepal.
Based on extensive field study and research for sys-



716

Annals of the
Missauri Botanical Garden

tematic monographs of the genus in tropical and
southern Africa (Goldblatt, 1996; Goldblatt & Man-
ning, 1998), we recognize seven major floral types,
each with a different set of floral traits closely cor-
relating with a particular pollination system. The
most significant floral features include the shape
and dimensions of the floral tube, perianth pigmen-
tation, and the shape and color of the markings
{(nectar guides) an the lower tepals. Similar floral
types do not always indicate shared relationship but
are consistently associated with a particular palli-
nation system (e.g., Goldblatt et al., 1993, 1999;
Goldblatt & Manning, 1999; Manning & Goldblatt
1996, 1997). Vegetative marphology appears to be
a more reliable guide to species relationships. The
major floral types (Table 1) are as follows:

Group 1. Nectariferous bee flowers (Fig. 1A, B)
include species with a zygomorphic, bilahiate peri-
anth with an obliquely funnel-shaped tube mostly
12-20 mm long, usually slightly shorter than the
arching to hooded dorsal tepal (gullet flowers sensu
Faegri & van der Pijl, 1979) or sometimes the dor-
sal tepal is erect and prominent (flag flowers sensu
Faegri & van der Pijl). The perianth tube consists
of a flared upper portion that tapers to a narrow
cylindrical lower half. Small amounts of nectar, se-
creted from septal nectaries, are retained in the
lower, cylindrical half of the tube, which is usually
6-12 mm long. Nectar is sucrose-rich, ranges in
volume fram 0.6 ta 3.5{(to 6) pl per flower, and has
a concentration mostly of 25-33%, but up to 40%,
sucrose equivalents (88 species) (Goldblatt et al.,
1998a).

Species of the southern African summer- and
winter-rainfall zone shaw several differences amang
the flowers of this group. In the summer-rainfall
zane, flowers are usually relatively small, ca. 20—
25 mm long, rarely scented, and are numerous and
crowded on straight spikes. The tepals are mostly
calored shades of pink, orange, or mauve, and usu-
ally bear nectar guides of low contrast with the base
perianth color {species of sects. Densiflorus, Heter-
ocolon, Linearifolius, and Ophiolyza).

In the winter-rainfall zone flowers are medium-
sized to relatively small and 25-35 mm long, are
almost always scented, and are usually few to sev-
eral, mostly on flexugse spikes. The tepals are often
colored shades of blue to mauve or pink, but alse
scarlet, yellow, green, or brown, and the lower te-
pals usually bear prominent nectar guides of a va-
riety of shapes, depending on taxonomic affiliation.
Nectar guides may cansist of uniform pale calor an
the proximal half of the tepals (sect. Hebea) or of
pale color with irregularly streaked dark longitu-
dinal lines and dots, or transverse bands of pale

and dark color (sect. Homoglossum, sect. Lineari-
Jolius).

Group 2. Pollen flowers (Fig. 1C, D) are char-
acteristically small, ca. 20 mm long, with an acti-
nomorphic, mostly rotate perianth, and a tube less
than 8 mm long or if longer completely closed in-
ternally due to the walls of the tube heing closely
wrapped arocund the style. The tepals are often dull-
colared (cream, yellowish, or light purple), lack ob-
vious nectar guides, and the stamens and style are
unilateral or symmetrically placed in the center of
the perianth. The flowers are scented or not, and
secrete small to minute amounts of neclar or are
nectarless. Species are reslricted to winter-rainfall
southern Africa in sections Hebea, Homoglossum,
and Lineartfolivs and flower in the spring {4 spe-
cies) (Goldblatt et al., 1998a).

Group 3. Long-proboscid fly flowers (Fig. 1E,
F) have a medium to large perianth, mostly 45-80
mm Jang and an elongate, cylindrical penianth tube
(22-130-100 mm long, slightly to much exceeding
the dorsal tepal. Few to several flowers are horne
on straight spikes and have cream to pink tepals
with reddish nectar guides of linear or spear-
shaped marks in the middle of the tepals. The an-
thers and pollen are often unusually colored, and
dark purple. Flowers always lack scent, but pro-
duce large amounts of sucrose-rich to sucrose-dom-
inant nectar, mostly of 2—12 wl in volume and 25—
30% sucrose equivalents per flower. Species accur
throughout southern Africa, mostly of section Blan-
dus, but there are also examples from sections Den-
siflorus, Hebea, Homoglossum, and Ophiolyza (29
species). Thase of the winter-rainfall zone flower in
late spring to summer, after peak flowering of the
flora; in the summer-rainfall zone species flower in
the late summer and auvtumn, coinciding with the
end of the flowering peak in the flora (Goldblatt &
Manning, 1999, 2000).

Group 4. Bird flowers (Fig. 1G, H} are repre-
sented by species with a large perianth, mostly 50—
80 mm long, with an elongate tube, usually 35-55
mm long, as long as or longer than the darsal tepal,
the tube often narrow below, broad and cylindrical
abave (Table 1). The gullet ar flag flowers lack nec-
tar guides, are unscented, and the tepals are scarlet
ta crimson, sometimes partly yellow or green on the
lower tepals. Plants often have well-exserted an-
thers bome on sturdy filaments, a stout stem, and
an erect, straight spike bearing enlarged floral
bracts. Flowers secrete large amounts of nectar,
mostly sucrose-deminant {sects. Ophislyze and
Homoglossum series Homoglossum) and with 29-
35% sucrose equivalents per flower, or sucrose rich
(G. priorii: sect. Homoglossum) and 18-25% su-
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bird flowers

Figure 1. Examples of anthophorine bee flowers (A, B), pallen Aowers (C, D), long-prohoscid fiy fowers (E, F), and
bird flowers (G, H) in Gladiofus. —A. G. papilio {sect. Densiflorus). —B. G. uysiae (sect. Hebea). —C. G, guadranguius
fsect. Homaglossum). —-D. G. stellatus (sect. Hebea). —E. G. angustus {sect. Blandus) and its pollinator, Mosgistorhyn-
chus longirastris, —F. G floribundus (sect. Blandus). —G. 6. cunonius (sect. Hebea). —H. G. watsonivs (sect. Homo-

glassum). Scale bar 10 mm. Drawn by John Manning,
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crase equivalents, Nectar volumes may be as much
as 36 pl in G watsonius (sect. Homoglossum)
(Goldblatt & Manning, 1998, Goldblatt et al,
1999.

Flowers differ extensively among clades in this
group. In section Hebew, bird pollinated species al-
lied to G. cunonius (Table 1) have a perianth tube
12-20 mm long, the lower tepals reduced to scale-
like dimensions, the dorsal tepal is much enlarged,
the anthers are tailed, and the style hranches stig-
matic only at the rounded tips. They alsa produce
relatively dilute nectar of 18-27% sucrase equiv-
alents that contains a predominance of glucose and
fructose, a sharp contrast to bird Howers of ather
sections. Bird pollinated Gladiolus species occur
throughout southern Africa, mainly section Homo-
glossum in winter-rainfall southern Africa and flow-
ering in the winter or spring, or section Ophiolyza
in eastern southern Africa and flowering in the late
spring and summer (20 species).

Group 5. Moth flowers (Fig. 2C—F) are found
in species with a medium-sized to fairly large peri-
anth and a eylindriecal or gradually flared petianth
tube, 20-110 mm long, somewhat to much exceed-
ing the darsal tepal (Table 1). The perianth is eol-
ored white to cream or alternatively, heavily speck-
led dull brown, with nectar guides ohscure or
evidently lacking (UV reflectance was not tested).
Flowers are richly scented, sometimes only in the
evening, and produce 4-12 pl of sucrose-dominant
nectar, mastly 30-36%, but only 20-22% in Glad-
inlus emilige and 24-28% in G. longicollis. An odd
feature of several of these species are relatively
short stamens, the anthers often partly included in
the floral tube. Species are from four sections, no-
tably series Tristis of section Homoglossum, and
maostly restricted to winter-rainfall southern Africa,
flowering from early spring to early summer, thus
coinciding with the peak flowering of the flora (9
species) {Galdblatt & Manning, 1998, 2002).

Group 6. Satyrid buiterfly flowers (Fig. 2A, B)
are found in species with a large perianth, mostly
exceeding 50 mm long, with a more or less cylin-
drical perianth tube and unilatera] stamens, the lat-
ter included in the tube in Glediolus nerineoides.
The tube is slightly longer than the tepals, 35-53
mm long, but slender (as opposed to wide in the
upper half in bird flowers). The tepals are reddish
(scarlet to erimson), usually with white guides an
the lower tepals (contrasting with absence of mark-
ing int bird flowers}). The flowers are unscented, and
produce ample amounts of sucrose-rich ta sucrose-
daminant nectar of moderate concentration, 18-
27% sucrose equivalents and 4-20 pl in volume
per floawer (Table 1). Some species, including G

crughtus and G, saundersit, stand out among insect
pollinated Gladialus in having hexose-rich nectar.
Flawering in the summer fram mid-December to
April, species oecur mostly in winter-rainfall south-
ern Africa, mostly of section Blandus but alsa sec-
tion Linearifolins, with a few in summer-rainfall
southern Africa (and tropical Africa), belonging to
section Ophiolyza (9 species) (Johnson & Bond,
1994; Goldblatt & Manning, 1993, 2002}.

Group 7. Hapliine beetle flowers occur in spe-
cies with a moderate-sized perianth with a short
perianth tube, ca. 10 mm long (Table 1). The tepals
are brightly colored (either deep pink or orange)
mastly with bold markings in yellow and purple
{painted bow] flowers of Bernhardt, 2000} and show
less pronounced zygomorphy, compared to imme-
diate relatives, thus tepals are less unequal in size.
Flowers secrete small amounts of nectar, bloom 1n
the spring, and are restricted to winter-rainfall
southern Africa (1 species) (Goldblatt et al., 1998h;
Goldblatt & Manning, 1998).

PHENOLOGY

Flowering phenology is an important consider-
ation in understanding the patterns of diversifica-
tion of pollination systems in southern African
Gladiolus. The subcontinent has two dramatically
cantrasting climate regimes, a4 warm wet summer
and dry, cold winter in central and eastern southern
Africa and a cool wet winter and hot, dry summer
in the southwest. Species of Gladialis occur in both
zanes hut nearly all are restricted to only one. in
the summer-rainfall zone species flower in the late
spring, summer, and autumtr, whereas in the winter-
rainfall zone species may flower at any season.
Even in the summer-dry winter-rainfall zone there
are locally mesic habitats that support Gladiolus
species flowering in the summer. Other summer- or
autumn-flowering species bloom before foliage
leaves are produced, an adaptation in the wintey-
rainfall zone that has significant consequences for
pollination there,

PoLLINATOR CLASSES AND THEIR DISTRIBUTION

Field observations of floral visitors have shown a
consistent pattern throughout southern Africa in the
correlation between flower type and pollinator
class, although individual species in each pollina-
tion class may differ, especially in the summer- ver-
sus the winter-rainfall parts of the subcontinent.
The following pollinator classes have heen recog-
nized based on field ohservation, capture (excepting
hirds), and identification of visiting insects (John-
son & Bond, 1994; Goldblatt et al., 1998a; Gold-



Volume 88, Number 4 Goldblatt et al. 714
2001 Pallination Systems in Gladiolus

butterfly flowers

1S mm ) moth flowers

Figure 2. Examples of butterfly flowers (A, B} and moth flowers (C-F) in Gladiolus. —A. G saundersii (sect.
Ophiolyza). —B. G sempervirens {sect. Blandus). —C. G emiliae {sect. Linsarifolivs). —D). G. maculatus (sect. Hom-
oglassum). —E. G. longicollis (sect. Homaoglossum). —F. G. tristis (section Homoglossim). Scale bar 15 mm. Drawn by
John Manning.
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blatt & Manning, 1998, 1999, Manning & Gold-
blatt, 1995, and in prep.). Visitors were identified
as pollinators (Table 2} when they had the appro-
priate size and shape to aeccess floral nectar,
hrushed against the sexual organs of the flower dur-
ing visits, and had been confirmed (by microscopic
and sometimes direct visual examination) to be car-
rying pollen of the species visited on the appropri-
ate part of their hodies so that stigmatic surfaces
of flowers would brush against carried pollen on
subsequent visits.

1. Long-tongued bees. Various large-bodied,
long-tongued bees of the family Apidae sl {in-
cluding Anthophoridae) (Roig Alsina & Michener,
1993), mainly Amegille, Anthophora, sometimes
Apis, and oceasionally Pachymelus, Tetralonio, and
Xylocopa, are the primary or exclusive visitors to
42 species {(and are inferred for another 46 species)
helonging to group 1, i.e., gullet or flag flowers of
small to moderate size with tubes fairly short and
obliquely funnel-shaped (Table 2). This is true ir-
respective of taxanomie grouping and phytogeog-
raphy {Goldblatt et al., 1998a). These hees have
hodies 10-17 mm long and 4-7 mm wide across
the tharax, and mouthparts 4-10 mm long. Flowers
show a cloge fil helween size and shape and 4 bees
body. The flared upper tube is mostly 8-10 mm
long and snugly sccommodates a bee’s head and
thorax, while the nartrow, cylindrical part, mostly 6—
10 mm long, admils only the slender mouthparts.
To reach the nectar, bees climb into the flower and
push theixr mouth parts into the narrow part of the
tube. As they muximally extend their tongues so
that they can reach the nectar, their upper hody is
pressed against the anthers, which lie under the
dorsal tepal. Pollen is then brushed onto the dorsal
part of the thorax and sometimes the head or dorsal
part of the abdomen. When stigmas are unfolded
(then assumed to be receptive), usually on the last
day a flower is open and when pollen has usually
been removed (Goldblatt et al., 1998a), the stig-
matic surfaces lie in the same position as the an-
thers, and are then ideally positioned for pollen to
be deposited passively on their sticky surfaces as
a bee visits the flower to feed on nectar.

Neither the base color of the flower nor the form
of the cantrastingly colored nectar guides appear
significant in this pellination system, but the pres-
ence of nectar guides is so consistent that we as-
sume it sexrves an impeortant function, perhaps of
orienting the hee so that it approaches the flower
in a cansistent manner so that pollen is effectively
deposited dorsally on the hody. The reward in these
bee pollinated flowers is nectar, always present in

maderate quantities and always sucrose-rich to su-
crose dominant (Goldblatt et al., 19984).

Often, the same bee species has been collected
on flowers of a wide range of color and scent char-
acteristics, suggesting that variation in size, pig-
mentation, scent, and form of the nectar guide out-
lined for group 1 has little direct significance in
relation to pollinator. Far example, the most com-
man bee that we have recorded visiting Gladiolus
flowers in western southern Africa in spring, An-
thophora diversipes, visits species of almost any col-
or and nectar guide configuration. Thus visual sig-
nals of ground color, nectar guide, and odor are not
significant to pollinators. Likewise, the most com-
mon bees in eastern southern Africa, Amegiila ful-
lax and A. capensis, both visit and can evidently
pollinate many of the species there with flowers of
this type.

In addition to bees, the flowers of group 1 are
occasionally visited by the short-proboscid flies,
Psilodera (Acroceridae) and Prosoeca (Nemestrini-
dae), with probosces 10-14 mm long. Their body
and mouthpart size is similar to that of 4 large bee,
and these nectar feeders function as pollinators just
as effectively as long-tongued bees (Galdblatt et al.,
1997, 1998a). Other visitors to these flowers in-
clude hopliine beetles (Scarabaeidae: Hopliini),
which appear to be unimportant for most Gladiofus
species, and we regard them as vandals rather than
even secondary pollinators.

Except for a few isolated examwles, notably
Gladiolus trichonemifolivs in which pollen appears
to be an important reward, species are used mainly
as sources of nectar and are visited hy both male
and female bees. Female bees use many other
plants as pollen sources for nest provisioning (in-
cluding co-blooming Asphodelaceae, Buraginaceae,
Hyacinthaceae, Fahaceae, Malvaceas, (Jxalidaceae,
and Polygalaceae). The brighter and more varied
coloration and frequent proeduction of scent in the
winter-rainfall zone versus the dull, less variable
coloration and absence of scent in summer-rainfall
eastern southern Africa (and tropical Africa), irre-
spective of taxonomic affiliation, Is notable, This
pattern holds even in section Lineartfolius, the only
section widely shared between the twu areas. We
have hypothesized that when flowers are dull-col-
ored and appear {to the human eye} to blend with
the surrounding vegetation and soil surface (Gold-
blatt et al., 1998a) scent may be the primary at-
tractant. (therwise, bright coloration combined
with a distinctive odor may help flowers compete
for pollinators in the winter-rainfall zone where
flowering in the flora is concentrated in a few weeks
in spring. In the summer-rainfall zone the flawer
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seasan is more pratracted, and fewer species bloom
at any particular time.

The significance of floral odor 15 often underes-
timated. Bees learn to discriminate among different
odors six times more rapidly than they do colors
{Schoonhoven et al., 1998) and can readily distin-
guish between numerous, similar oders. Thus the
presence and variety of scents among co-blooming
species alone may encourage floral constancy even
when flowers are visually similar.

This type of bee pollination is the most common
pollination strategy in Gladiolus (Table 3). Tt oceurs
in all seven taxonomic sections, and it is the most
common one in sections Densiflorus, Hebea, Heter-
ocolon, Homaglossium, and Linearifolius. Some 53%
of the southern African species have fiowers adapt-
ed for this system (Tables 3, 4). Elsewhere, we have
postulated that anthopharine bee pollination is an-
cestral in Gladiolus {Goldblatt et al., 1998a; Gold-
blatt & Manning, 1999).

2. Short-tongued bees or worker honey bees.  The
short-tongued bee, Andrena sp., visits the fragrant
flowers of Gladiolis stellatus, while Apis mellifera
is the only bee species captured on actinomorphic
G. quadrangulus and zygomorphic G. aureus. Both
bees actively collect pollen, prominently displayed
in erect anthers. In G. stellatus the Howers are par-
ticularly strongly scented. Flowers of G. hrevitubus
are zygomorphic, with unilateral stamens, but have
a floral tube less than 3 mm long and evidently lack
nectar. Only small halictid bees, ca. 6 mm long,
have been captured on these flowers, which appear
to offer pollen as the sole reward to insect visitors.
Although short-tongued andrenid bees have heen
captured while visiting Gladiolus melivsewdus, ho-
pliine beetle species are more consistent and fre-
quent visitors and so, we assume, are mare impor-
tant in the pollination of this species (Goldblatt et
al., 1998b). This is discussed in detail below.

Pollination by small- ar large-bodied female bees
foraging for pollen as the primary pollination strat-
egy is evidently found in only four southern African
species of the genus (Goldblatt et al., 1998a). The
system occurs in section Hebea {Gladiolus stella-
tus), section Homoglossum (G. quadrangulus: series
Carinatus, and G. brevitubus: series Brevitubus), and
section Linearifolius (G. awreus), evidently having
evolved convergently four times (Table 4).

3. Long-proboscid flies.  Long-proboscid flies
with mouthparts mostly 20-60 mm lang in two fam-
ilies, Nemestrinidae (tangle-veined flies) and Ta-
banidae (horseflies), have proven to be important
pollinators {Table 2) of many southern African plant
species with long floral tubes (Goldblatt et al.,
1993; Manning & Goldblatt, 1996, 1997; Goldblatt

& Manning, 1999). Long-proboscid flies have heen
found to be the sale visitors to Gladiolus species
belanging to group 3, i.e., odorless, cream to pink
flowers with an elongate tube and producing ample,
sucrose-rich to -dominant nectar (Table 1). Typi-
cally only one species of fly at a particular site,
occasionally two, visits a species. In the eastern
southern African highlands, the late summer-flying
Prosceca ganglbaueri is the sole pollinator of at
least G. oppositiflorus, G. microcarpus, G. mortonius,
and G. varius. A fifth species, &. calearatus, with a
somewhat shorter tube, is also visited by this fly,
but its tongue is so long that its body does not brush
the anthers when it forages for nectar. The long-
proboscid fly Prosoeca robuste, also on the wing in
late summer, appears to be the main pollinator of
G. calcaratus. Another fly, Stensbasipteron wied-
mannit {also Nemestrinidae), is the sale visitor and
presumably pollinator of the long-tubed G. macnei-
i in lower-altitude habitats 1n eastern southern Af-
rica where P ganglbaueri and B robuste seem ah-
sent.

Along the south coast of South Africa the ne-
mestrinid fly Prosoece longipennis appears to be the
sole pollinator of the long-tubed Gladiolus hilinea-
tus and G. engysiphon that flower in the autumn. In
western southern Africa, species with flowers of
group 3 are visited by the tabamd Philoliche ros-
trata (G. floribundus, G. monticola, G. undulatus, .
vigilans), the nemestrinids Moegistorhynchus lon-
girostris (G angustus) and M. sp. (G rhodonthaus),
either Prosoeca nitidule and Philoliche rostrate or
hoth (G. carneus, G. monticolu). Remarkable among
long-proboscid flies, M. longirostris has a proboscis
up to 80 mm long and the Gludiolus species that it
pollinates, &. angustus, has a cream perianth with
red markings and a tube 80-100 mm long,.

Long-tongued flies are present in sautherm Africa
mastly in the warmer months, October to April, and
hence plant species pallinated by these insects are
constrained to this flowering period. Furthermore,
different species of fly are active at different times
of the year. These flies are nectar feeders, and they
acquire pollen loads from the flowers they visit pas-
sively. The remarkable similarity in flower color
and the shape of the nectar guides in unrelated
species of Gladialus pollinated by long-proboscid
flies suggests that there is an important adaptive
value to floral conformity in long-tongued fiy pal-
lination systems.

Sixteen species of Gludiolus have to date been
confirmed as being pollinated by long-proboscid
flies (Table 3). An additional 13 species with sim-
ilar floral morphology are inferred to have the same
pollination strategy, thus 29 species, 18% of south-



Annals of the

722

Missouri Botanical Garden

mnfauna sdopoyy

ot m.ﬁ_\._.__QL penkd) WQLQ«
DISHGOs pRALALY

nnogidund BI305014
DisNgOL DIOSALS

‘ds praososg

'ds wnsseyForsoy

0G0

-ds nazososy
sisuados oppdatey

sepudieg piday

nsawap adig
nsaway g
nsawap di
sepuiieg rprda
nsawap adig
.vawmm “®®>4_ﬂ
sepidy udy
sepudy wdy
sepidy wiy
seprdy cwiy
vammm “m.v_./{
1assE] 18aAY
asaway cdug
seprdy jwiy
sepdy wiAy
sepdy WAl
nsswap adyg
nsaway g
nsawap adig
sepudy (WAY
sepidy swidy
aepidy sl
aeprdy (k]
arpuly (wAp]
sepidy widy
sepidy sl
ngawa ) adig
sepdy iy

orgFngyry §a13doady
sriuaiFuoy vIosouf
suysonfuoy smysuiysosiFaopy

DUi0Isopds LIy
Ec.m_uﬁﬁ mmuueﬁtmw
nngpFuns 01080
DU DIULTIIIN
ssUAEDI Y
‘Dutdiadso vy
snsionfie odosoply
‘pusapsouds vyrEIwy

psownf
DIfD PIULIDIIIN]

g Fund preavosf
-ds pruoparay
‘ssuadn
‘putdiadsn pydauy
wanpgpund pr2050sg
TunpgFuns paeotoLy
TP W0LNdITDGoUIG
sisuadod 'y
‘purfiadse oy
DUIOITOHAs Y

o oppdatay
xopjof oppdauy
Duto)ds "y
‘suadnd vijiauy
DISNGOL DIBOSOLS
purdiadse oipfauy

.tEQ w,ﬁ@ﬁmmchﬁu
Suaa [ ' smmauig
" srsnFun

m‘___:dﬁmmm Cn_.zobm

| YOO SMSOypa0anas
T OjOOY wwmhwﬁﬁ.h@w
Laquay] smuoginsoddo

Iayey uwundouny

Wy nuopoe

UL SIITNUofop

[399) Uea nuajop
pzigorydy) uonIag

SN0 ' snuon

1ayeq oyidnd

VSIS STIuomow
SN [ ') sndupaguanu
WEI() 2IAuITW

Jutu

-URp 0 [ % NE[gp[es) snaurbnea)

SIMT] [ g Mndxa
Iayeq sneopfisuap

Layey Sryofisn.eg

SmIT [ ") SOy
Stma [ ~£) smmpnatpuadds
sTLoyfisua noasg

b

B

b

(R RCR

S[FPUEL Ip Saadyy

(shoreurfied Lepuadag

(&[rwre] pue a3pio)
AJTuge JoUaxe],

1opeutffod drewiry

saoadg

"Urray wodar (240U €SI YIIYM THUTUULHNTIN DI0S0LS Sy1gap o jo 1neuted sy 10]

1d39x%3 {000z ‘6661) SUIUUR)] B WE[TP[e) PUT {6661 ‘¥966 1) ‘[B 19 NE[{POS) Wolf 316 BJE(] JEPI9Rqelreds = qelvdg ‘APuLasse] = A3SSe] ‘IRpLuisaway = nsawap ‘emsdoprdaT
= prda] ‘mapdouswdy = wiy ‘mandyy = g “esidasfog = doajor) SUONEIAIGYY "SIONSIA (X0 (910 pue srofeuljjod patayuad Il pue sawads smorpnp) g (98



723

Goidblatt et al.

Volume 88, Number 4

2001

Pollination Systems in Gladiofus

Dwopsojds pipFawy
snrn xLuostuy
‘ds puardoFodiy

‘paurpryduny DLIDIDEY

“ds ayourodiy

Dworsopds nypSauy

DIDD DURIPAY

suoytind
puoyecd adopajy

seprdy wiy
sepdy WAy

nsawy g
sepirdieg rpdag
nsaway adig
prueqey, idig
seprdy tudy

pmday :prdag
pinwoy prdat
poumdg pidan
puaoonny adyg
sepidy WAL
seprdy cwiy
seprdy Ay

asawap Wi
seprdy cwiy
seprdy tuiy
seprdy iy
seprdy twiy

praeqey, dyq
aepuiieg prdag
aepuieg prda
sepidy WA
sepidy WA
prueqey, ;g
prueqey, diqg
asawap adig
praeqel, diq

miafiypaue ndy
sadrsaarp puoydoyuy

ds seyoulyonsiFaoy;
nrydngm sajadoiay
Uuﬁﬁww.ﬂﬁ Uuwom.ﬁtﬁq
TIOLPROL FYINOIY S
vaafijare sidy

m.ﬂmﬁﬁbwaﬂ.ﬂ_ memﬁuﬁu
DIOMUEKS Bipjnan)
‘GLaged uonoddiy
POt DIIPONISS
‘Puoeds
‘sdarnandsge oIy
veafippar sidy

spnftp uosaihsogouarg
‘puresopds

‘lung vjpdauy
sdagpsge oyjLiawy
sadisaaatp Duoydoytuy

DIDLSCL AYIRONYS
Ec%nﬁ:w sajadosay
oy Fogpny saadody
nwosonds tpFawy
sadisianap vaoydoyuy
psopnd 4 xospue
MIns0L FYIYONY S
DINPUIL DIFO5L ]
IIDLISOL SYIOTIY S

He[Y SRIDNID
] smepn
DIQAY UNIAG

neq

-Plo9 1 Suuuepy G [ STUEpOys
SIMAT [ "<) SIPIOUTIIU

Futauey 3 [ ¥

Ne[qP(es) X3 Stma] [ 5 Djornioew
‘Boep smnsay

snpog o enymd

snjog ‘.—. 0TI

SIOfALG

Iaey snang
syafinsury UonNdag

stma [ 9 smwudowofi
snog T p4IIS0w
stMa [ -6 HyIoppw

UOpeIALIIA WA d3g

] SABpp

WS AU 38
SIMAT [ ") Susdiassduas

Sutauepy ") [ Weqp[oD wusoyd
SMAIPUY SToyipunsd

‘baep snpunquoy’ -

AJIce[A] (] srawapd

D
D

9

9

9
9

a2

9

LR LN

)

S[EPUEAL 1D SIART ]

(shoreur[[od Liepuodsag

{AJIWME] pUE 19pT0)

AJCULR JTWQUOXE]Y

1oeutped ArBwiey

sargadg

panunueT) g A[qE],



Annals of the

724

Missouri Botanical Garden

THST XAUOSIUY

snseopfne pdodoply

“ds wnssopfony

-ds pudipuy

aepudy
seprdy
aeprdy
sepudy
aepidy
asepidy
I153ak]
I15IIN]
aepidy
aeprdy
aepidy
aepdy
FBpUIEY
sepudy
13858

aepuly
aeprdy
aepidy
sepidy
sepidy
aepidy
IBPIUINPUY
FEPUIIY
sepdy
.ﬁummmm
13858
aepuly
seprdy

WAL
WA
JWAE
WA
JWAE
WA

g
adig

WY
ALY
AR

RUTSE
ALY
TWAR]

Sany

WA
HITEq S
TWAR]

WA
WA
HITEYS
HITEAS
HITEAS |
WA
Bany
Sany
HUES
WAL

qeIRIG 02 —O T
qex m,um, 02 —O U

aepuly
X3 mmmn_
sepdy

Ay
18Iy
WAy

‘uafnyy proydoyuy
sdarunasgo oprdawy
madfipraue sidy
iafipawe sidy
‘sadissantp Baoydoyiuy
xopnf vy
siuadifua) Daaososf
HUUDULAEAR DIFOSGL]
nuafijaw sidy
wBNYIs Y

‘uaiey ¥

sadissantp Deoydoyiuy
‘ds wnssopForsoy
sadisiaqrp neoydoyuy
DA DILBRAN

wafney oy

sadissarp proydoyivy
sadisiaarp Deoydoyuy
uadney y

‘sadsiantp Baoydoyuy
sadisiaatp peoydoyivy
“ds puarpuy

DIDIND DANUPIY
sadiviatip BLoydoyuy
pasnf N

BIOWD] DIULTIAN
sadisaaip DaoydoyYy
sadisaparp proydoyiuy
S2d1950.40 DWMIUIAYID S
‘mpomdie msiday
wanFunad snpaulyaog
DIGLDYD DIULDIGAN
sadisaanip meoydoyiuy

Fuauepy - [ B He[qROD srayur
quny, sy
ng:mE )T B OUB[POS) Sasud

“boe] sproned

Slma [ 0 fIjixd
stma [ 0 uoydisdFua
St SHegap

Uy STptunimd
SIMa [ ') TIGRHAdLG
m.—._—om 1— muﬁwuwmmssﬁwﬂ

m?..@.—ﬁﬂ{ wﬁwﬂ.u___wmbmﬂn.__

wrn mmoﬂm.nzta: uaniaag

sn[og T MakdtFIm
L UOU | EDERTER Y

SLmd o[ o) FRISTMA

SIMIT [ "D %3 sufog T Ivsdn
St [ 19 s

quOL |, SRSOTIads

1ayeq imas

sap 2p

d W B Ne[gpeg) (wery) smwaaes
ayooe[a( " Sygnaucsd
SMIIPUY STOYiptydg

Jutavepy 3 [ B

NE[qP[e9) (StmaT [ ") snposnyaty
quniy], suvpnbs

UKIeS) () $uounsd

snog | SuLSaIad

DUy WU U

(LR )

< ﬁmﬂuﬂm AN Saal AR

{(sjateuiod Arepuoasg

(A[tuees pue 12p10)
Auge swouexer,

Ineuod Areulng

sa1aady

panunuey g Jqe),



725

Goldblatt et al.

Volume 88, Number 4

2001

Pollination Systems in Gladiolus

doiafur sapdouwoil]

sadisiantp neoydoyiuy

vadfipaue sidy

sepweqef, adig
sepuueqer, adug
sepiniaap cpeday
sepudy cwdp

seprdy wAp
srptiutydg pydary
seprdy (WAl
sepidy cwdpy

sepidy cwdp
PINLELDY] XISSEJ
sepldy cwdpy
sepmiaap prda
aepiurqds pede]
aepraiaoy pidat
seprdy iy
epidy Wiy
BPIDIEH WAY
sepdy cwidy

DIMIS0L FYOROIIY ]
TIISGd BYIOTIY S
“ds pippmany
mafiau sidy

sadpsiap oroydoymy
uasa uoijoddigy
wafnay "y

‘sadassanrp Daoydoypey

vafippaw sidy
DAIDPONT DILIDLIAN
Dieorsopds ofpdauy
SISUALA] DIFNIN
yARoA0d SR
DinLL%E DIRINT)
puafipaw sy
‘puepsopds By
-ds sutnypam, 4
‘vadfigpaur sl

{(ayaare[aq () snynduripond -
SIS [ ') SHDUOPLA

Juiw

-UB[Y ") [ & WE[qPoY Smdng 9

plewiEg subipfid 5
T SRS D

‘[ME =13 b | m_ﬁ,mmﬁ.-‘\w WAUOYIL U

Futuwep o T

B WR[GP[OD (ST o[ ") snanyffhs 9

T AL E)

sn[og o WwosiImwd 9
paedieg

snog " apunu
19aME STDJRIDU
Tayeq Siyponduoy -
UNOY $RAIVII "
Stma

L IR I AL RN L

[ 9 %2 g smeopoypmbuof 9

S[epUEA X}y SIABIY],

(shoeurpjod Arepuosag

{A[lurey pue 12p10)
ALUIR JOAUGXE]T,

Jojeuijjod Arearizg

sargadg

panunu} g AQEL



726

Annals of the
Missouri Botanical Garden

Tahle 3.

Analysis of the frequency and taxonomic distribution of the pollination systems in southern African species

of Gladiofus. Southern African species comprise 165 species distributed in 7 sections and 27 series, all believed ta be
manaphyletic hased on morpholagical analysis {(Galdblatt & Manning, 1998); nfa = nat applicable.

Total Total
species confirmed Taxonomic Taxonamic
Pollination System canfirmed and inferred sections series

Large-bodied, long-tongued hees

{Apidae 5.1 39 87 (53%) 7 22
Short-tongued {or pollen-callecting] hees 4 4 [2%]) 3 3
Long-proboscid fly 16 29 (18%) 6 13
Passerine bird & 20 (12%) 4 7
Moth 6 11 (7%) 3 5
Satyrid butterfly 5 5%} 3 3
Hopliine heetle {short-tongued hee) 1 1(=1%) 1 1
Uncertain 4 4 (2%) nfa nia

ern African Glodiolus, are inferred to be adapted
for pollination by long-proboscid flies. Long-pro-
boscid fly pollination thus appears to be the second
most common paollination strategy in the genus, af-
ter nectariferous hee pollination (Goldblatt & Man-
ning, 1999, 2000). The strategy occurs in six of the
seven sections of the genus and it is the most com-
mon one in section Blandus, elsewhere occurring
in isolated species. In section Densiflorus long-pro-
bascid fly pollination accurs in one or two species
of three series, in sections Homoglossum and Hebea
in three species each belonging to a different se-
ries, and in one species of sections Linearifolius
and Ophiolyze. For the present, long-proboescid fly
pollination is assumed to have arisen only once in
any series, though this is by no means established.
This suggests parallel evalution of lang-probosecid
fly pollination a minimum of 12 times.

4. Sunbirds. Gladiolus flowers adapted for pol-
lination by sunbirds have been identified in five
sections of the genus (Goldblatt et al., 1999} The

flowers conform to the classic type in Africa that
are pollinated by sunbirds, Nectarinia (Table 2), a
genus of passerine birds that feed on nectar as well
as insects (Rebelo et al., 1987). Although the flow-
ers in species of each section are hroadly similar
in their red color and production of large amounts
of nectar, they differ in significant details, including
perianth tube shape, size of the lower tepals rela-
tive to the darsal, presence or absence of contrast-
ing markings, and nectar sugar chemistry {Gold-
blatt & Manning, 1998).

In section Homoglossum all six species of series
Homaglossum. and two of series Mutabilis appear to
have flowers adapted for sunbird pollination. These
species all have a long tube, the upper part of
which is wide and cylindrical {presumahbly to ac-
commodate a birds hill}, and the species produce
fairly concentrated nectar that is sucrose-dominant,
a stark contrast to the bird flowers in section Hebea
and many other bird pollinated flowers. Most of the
remaining species of Gladiolus in southern Africa

Table 4. Taxanemic distribution of pollination systems in southern African Gladialus. Lp fly = Lang-probescid fly.

Pallination system—known/plus predicted

Bees

Gladiolis section Hapliine
(total species) Passive  Active  Lp fly Bird Math  Aeropetes beetle  Uncertain
Section Densiflarus (20} afl2 U] 5/8 1] Q 4] Q ]
Section Ophiolyza (15) 2/6 Q 11 2/5 Q 1/2 Q 1
Section Blandus (21} 2/6 a 5/ 0/1 0 345 0 1
Sectian, Linearifolins (17) 247 11 2/2 0/2 2/2 1/2 a 1
Section Heteracolon (9} 3/8 a 0 0 a ] a 1
Section flebea (32) 12/21 141 0/3 2/4. 042 Q 111 0
Section Homoglossum (51) 12/27 2/2 3/7 2/8 447 Q Q Q
Tatal 165 39/87 4/ 16/29 6/20 611 5/9 11 4
% total 53% 2% 18% 12% 1% 5% <1% 2%
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adapted for bird pollination belong in section
Ophiolyza, the most well known of which is the
widespread G. dalenii (also in Madagascar and
tropical Africa). This species has been reported by
Vagel (1954} ta be visited by Nectarinia afra (great-
er double-collared sunbird), and we recorded A
Sfamosa foraging actively on G. dalenii. The high
Drakensherg G. flanaganii has also been recorded
as visited by N. famosa. Observations of visits by
birds to the six species of series Homoglossum are
limited to sightings of N. fumose visiting G. ab-
breviatus. In section Hebea, visits to G. saccatus (a
western southern African species} by Nectarinia fa-
mosa and M. fusca and te G. cunonius (a southern
coastal species) by N. chalybea have been noted
{Goldblatt & Manning, 1998). We did net try to
capture avian visitors of any bird pollinated species
but canfined ourselves to ohservation of visitors and
analysis of floral nectar.

Bird pollinated flowers occur in five species of
section Ophiolyze, four species in one series of sec-
tion Hebeu, eight species in two series of section
Homoglossum, two species in one series of section
Linearifolins, and one species of section Blandus,
a total of 20 species, 12% of the southern African
species. [n series Mutabidis of section Homoglossium
it is not yet established whether the bird pollinated
species G, meridionalis and G. prioril are a clade
ar are independently derived from a common an-
cestor (Goldblatt & Manning, 1998). In bird polli-
nated species, markedly different inflorescence or
floral adaptations confirm the independent origin of
the strategy. [n section Hebea three species of bird
pollinated flowers have the style branches apically
stigmatic and anthers with long sterile tails, in ad-
dition to hexose-rich to hexose-dominant nectar,
unique adaptations in the genus. In section Hom-
aglossum. series Homoglossum the spike is straight
and relatively thick, whereas in series Mutabilis the
spike is fairly slender and flexuose (an ancestral
feature found in other members of this section). For
want of firm evidence to the contrary, we assume
that bird pollinated members of section Ophiolyze
are a monophyletic group and represent a single
origin of the strategy. We hypothesize that bird pol-
lination arose at least six times in Gladiolus and
possibly seven.

5. Night-flying moths. A variety of moths have
been captured visiting species with flowers of group
5, and included species of twa families, Nactuidae
and Sphingidae (Table 2). The syndrome is difficult
to document because the moths are active at night
and hence difficult ta catch or even to see. Sphinx
moth pallination aceurs in G longicellis in eastern
southern Africa {(Agrius convalpuli), both sphinx and

noctuid moths (species of the genera Hippotion and
Cucullia} pollinate several species of the winter-
rainfall west of the subcantinent, and species of the
noctuid Cuenllio have been captured an G. guthriei,
G. liliaceus, and G maculatus. An unidentified spe-
cies of Sphingidae also visited G. liliacens but
avoided capture. We saw few other insects visiting
any putatively moth pollinated species during many
hours of observation, day and night, but a male
anthophorid bee, Anthophara diversipes, was cap-
tured while visiting . recurous ([ Ninni, pers.
comm.), a species apparently adapted for math pol-
linatian. The bee attempted to forage on nectar of
this species, flowers of which are scented during
the day as well as the night. The bee is evidently
not the narmal visitor but appears capable of ac-
complishing poellination although unable to reach
the nectar in the long perianth tube.

Moths are poor pollen vectors, as their bodies
are covered with loose scales to which pollen ap-
pears to adhere loosely. However, all the maths cap-
tured carried visible amounts of Gladielus pallen
on the upper parts of their probosces (Gaoldblatt &
Manning, 2002). When the flowers are in the fe-
male phase, on the last of four or five days of an-
thesis, the stigmatic lobes lie in the same position
as the anthers, and pollen adhering to a moth’s pro-
hoscis is then optimally placed for passive transfer
to the exposed stigma Jobes. There seems no ob-
vious distinction between species pellinated by
sphingids wversus noctuids except perianth tube
length. In the longer-tubed G. longicollis, tube
length, 85-110 mm long in subspecies platypetalus,
prevents successful nectar foraging by mast noc-
tuids.

Some 11 southern African species in three dif-
ferent sections of Gladielus (7% of the southern
African tatal—Tables 3, 4} have flowers of group 5,
and observations on six of them {(Goldblatt & Man-
ning, 1998, and in prep.) confirm that they can cor-
rectly be categorized as being adapted for moth pol-
lination. Moth pollinated flowers are inferred for
two species of section Hebea {G. robertsoniae and
G. acumingtus, which according to morphological
comparisen {Goldblatt & Manning, 1998) are dis-
tantly related members of series Permeabilis); sec-
tion Homoglossum (G maculatus, G. albens, and
morphologically very different and presumably dis-
tantly related €. recurvus: series Gracilis, and four
of the five species of series Tristis); and section Li-
neartfolivs (G, emilice and 6. guthriel: series Li-
nearifolius). We suggest that the strategy most likely
arase six times, once in section Linearifolins, twice
in section Hebea and three times in section Hom-
aglossum.
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6. Large butterflies. A single species of butter-
fly, Aeropetes tulbaghia (Satyridae), appears to pol-
linate species of group 6, those with red flowers,
usually with white markings on the lower tepals.
This butterfly has an innate affinity for bright red
colors and is the sole or major pollinator of a guild
of red-flowered species that bloom in the late sum-
mer in southern Africa (Johnson & Bond, 1994).
We have recorded Aeropetes visiting G. cardinalis,
G. nerineoides, G. saundersii, . sempertirens, and
G. stefaniae. Both G. cordinalis and 6. sempervirens
have already been reported in the literature to be
pollinated by Aerapetes {Johnson & Bond, 1994).
Demonsiration of this pollination syndrome is dif-
ficult because population sizes of Aeropetes vary
considerably from year to year, and individuals may
be ahsent locally in some seasons. Hence, popu-
lations of some species of Gladiolus may not be
visited and pollinated at all in some years. We as-
sume this to be the case in 1995 when we attempt-
ed to identify the pollinator of G. cruentus and G.
insolens, which we infer from floral morphoelogy to
be adapted for pollination by Aeropetes (or in the
case of G cruentus, perhaps some ather large but-
terfly).

Butterfly flowers in Glediolus superficially re-
semble those adapted for bird pollination. Butier-
flies and birds do not, however, normally share any
Gladiolus species, und in the winter-rainfall part of
southern Africa they cannat, for no bird pollinated
Gladiolus species there flowers when Aeropetes is
on the wing in late summer. Apart from phenclogy,
flowers pollinated by Aerapetes have a nammower
tube than do flowers pollinated by birds and so da
not permit entry of & bird’s bill. The white splashes
on mast Gladielus species pollinated by Aeropetes
are not a feature of any bird pollinated members of
the Iridaceae excepting G. flanaganii, and this is
the only species of the genus in which hoth Aero-
petes and sunbirds are recorded as visitors {Johnson
& Bond, 1994). The firm texture of the floral parts,
rigid stem, and hooded darsal tepal suggest sunhird
pollination is its primary strategy. At least in the
winter-rainfall zone butterfly flowers appear to have
evolved from fly pollinated ancestors where the
phylogenetic relationships can be inferred, as in
series Blandus (Goldblatt & Manning, 1998}

As in long-tongued bee, long-proboseid fly, and
moth pollination systems, the reward offered to but-
tetflies is nectar on which these insects feed, and
pallen transfer is passive. Sugar concentration is
narmally somewhat lawer than in other insect pol-
lination systems (Johnson & Bond, 1994; Goldblatt
& Manning, 1998}, moastly 18-249% sucrose equiv-
alents, but volume is high and sugars are typically

sucrose-rich to -dominant. The exceptions are &.
cruentus and G. saundersii, which have hexose-rich
to hexose-dominant nectar {Goldblatt & Manning,
2002).

Some 9 species, 5% of the southern African spe-
cles, may be inferred as being adapted for Aeropates
pollination (Table 3}. Species belong ta three sec-
tions (Blandus: 5 spp., Linearifolins: 2 sp., and
Ophiolyze: 2 spp.—Table 4). Thus, we hypothesize
the arigin of the strategy a minimum of three times.
Except in series Linearifolius, foral morpholagy of
Aeropetes pollinated flowers is remarkably similar
and is associated with large flowers with spreading
tepals and white splashes on the lower tepals. In
section Linearifolius, G. nerinecides has relatively
small flowers, but several flowers are usually open
at the same time, providing the display coamparable
to one large flower found in sections Ophiolyza and
Blandus.

7. Hopliine beetles.  These beetles of the family
Scarsbaeidae use the flowers of a range of plant
families for sites of assembly, mate selection, and
copulation (Steiner, 1998; Goldblait et al., 1998k}
and sometimes consume pellen or other plant ma-
terials. Flowers most commenly favered by these
beetles are salver- or bowl-shaped, actinomorphic,
and although variously colored, typically have dark
contrasting markings, sometimes called beetle
marks (painted bowl flowers of Bernhardt, 2000).
The only Gladiolus species that approaches this
pattern is & meliusenlus, which has pink flowers
with enlarged lower tepals that form a4 compara-
tively large platform. The lower tepals have a broad,
dark transverse band and are yellow at the tips. The
pigmentation broadly mimics that of two species of
Romuldeq (Iridaceae) that often graw sympatrically
and are visited by the same beetle species. How-
ever, G. meliusculus has a zygomorphic flower that
produces a floral odor and a short perianth tube
containing measurable amounts of nectar, and it is
also visited by Andrena sp., a short-tongued hee.
Too few visits by bees were ohserved for us to as-
sess their importance in the pollination of this spe-
cies. It is possible that the bee is at best an ocea-
sional visitor, unlike the beetles, which could
consistently be found on flowers of these species at
our study sites. The floral form of G. meliusenlus
suggests a recent shift to hopliine pollination, and
it does not have the classic appearance associated
with species pollinated by hopliines.

Dhscussion

Much of the evolutionary radiation in Iridaceae
has involved changes in floral features, and it



Volume 88, Number 4
201

Goldblatt et al. 729

Fallination Systems in Gladiolus

comes as na surprise that floral morphology in the
family is closely correlated with pollination strate-
gv. These are often very precise and involve a nar-
row range of pollinators, often a single pollinator
group or only one pollinator {Table 2}. The seven
taxonomic sections of Glodiolus (Table 4) recog-
nized in sauthern Africa by Galdblatt and Manning
are each considered to be monophyletic, as are
their constituent series (Galdblatt & Manning,
1998}, and they are defined by unique, derived
characters.

NECTAR

Two surprising results have emerged from an
analysis of nectars produced by Gladiolus flowers
(Johnson & Bond, 1994; Goldblatt et al., 1998a,
1999; Goldblatt & Manning, 1999, unpublished
data). Irrespective of taxonemic affinity and, with
twa exceptians, of pollinator, nectars are sucrase-
rich to sucrose-dominant. The exceptions are a lin-
eage of three bird pollinated species of section He-
bea, G. cunonius, G. saccatus, and G. splendens, and
two species of section Ophiolyza inferred to be but-
terfly pellinated, G cruentus and 6. sewndersii,
which have hexose-rich to hexose-dominant nectar.
The development of hexese-rich nectar in section
Hebea is cansistent with the presumed taste pref-
erences of passerine birds (Baker & Baker, 1990).
However, comparable evalution of hexose-rich nec-
tar is conspicuously absent in the four other sec-
tions of southern African Glediolus that contain
bird pollinated species. The development of hex-
ose-rich nectar in section Ophiolyze is likewise
noteworthy, as it is unusual for butterfly flowers in
the Iridaceae (unpublished data), though not
unique. Hesperantha (Schizostylis) coccinea, a pre-
sumed butterfly flower, has hexose-dominant nectar
(Johnson & Bond, 1994) in contrast to the hee or
math pollinated members of that genus {(Goldblatt
et al., in press).

In general, nectar sugar chemistry in Gladiolus
appears to reflect phylogenetic relationship rather
than paollinator preference, as has been reported,
far example, in African Asphodelaceae and Erica-
ceae (Percival, 196]; van Wyk et al., 1993; Barnes
et al., 1995). However, natural selection hy polli-
nators presumahly accounts for the shift to hexose-
rich nectar in section Hebeu of Gladiolus. Aerapetes
is, however, not known to have a preferred type of
nectar, so the shift to hexase-rich nectar in butterfly
pollinated species of section Ophioclyza is puzzling,.

Nectar concentration seems to be loasely linked
to pollinator (Kevan & Baker, 1983; Baker & Bak-
er, 1990), and this is to a limited extent reflected

in Gladiolus. Flowers of Gladiolus pollinated by
apid-anthophorine hees or moths typically have rel-
atively concentrated nectar, between 30% and 36%
sucrose equivalents. Species pollinated by long-
proboscid flies typically have slightly more dilute
nectar, 20% to 30% (Goldblatt & Manning, 1999,
2000). Butterfly flowers have moderate sugar con-
centrations, in Gladiolus hetween 18% and 26%.
The latter pattern is consistent with Johnson and
Bond’s (1994) observations on flowers pollinated by
Aeropetes.

Flowers pollinated by nectarinids, however, show
no apparent pattern in Gladiolus. Bird pollinated
species of series Hamaglossum have sugar concen-
trations ranging from 28% to 33%, but in series
Mutabilis of the same section as low as 21-26% in
G. priorii and 37% in G meridionalis, the latter
remarkable in bird pollinated flowers. [n contrast,
bird pollinated species of section Ophiolyze have
nectar mostly of 18-209% concentration except for
G. flanoganii, which has nectar of 35% concenira-
tion. This absence of pattern is likewise consistent
with Johnson and Bonds (1994) observations on
flowers pollinated by nectarinids. Avian nectar
feeders tend to favor more dilute nectars (Kevan,
1984, Baker & Baker, 1990; Nicholson, 1998), and
this is reflected in the nectar of many Gladiolus
species. The high nectar concentration in the spe-
cles of series Homoglossum and G meridionalis
may reflect heightened calorific requirements in
sunbirds in the winter, when temperatures are low
and breeding occurs. In wet winter conditions rain
may also cause dilution of nectar (Nicholson,
1998}, and the high nectar concentration in these
Gladiolus species may, alternatively and simply, he
an adaptation to counteract the dilution effect.

Nectar valume, as might be expected, is clasely
linked to pallinatar size, itself linked to flower size
(Baker & Baker, 1990). The larger the pollinator
the larger the flawer and the greater the amount of
nectar. Thus bird flawers have the highest quanti-
ties of nectar, and bee (and hopliine) flowers the
lowest. Butterfly and long-proboscid fly flowers fall
between the extremes. Hopliine and small-hodied
bee pollinated flowers either produce reduced
amounts of nectar or none at all. Gladiolus flowers,
then, appear to be excellent sources of nectar for
the particular pollinator for which they are adapted
and floral changes assaciated with shifts in polli-
nation system are tracked by nectar volume and
concentration. Nectar sugar chemistry seems more
conservative and is largely sucrose-rich to -domi-
nant as it is in most members of subfamily Crocai-
deae (syn. Ixioideae) (Goldblatt et al., 1995, 1999,
2000s, 2000b, in press; Manning & Galdblatt,
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1996, 1997}. The marked trend away from this pat-
tern in one hird pollinated lineage of section Hebea,
which has hexose-rich to hexose-dominant nectar,
seems likely ta be pollinator driven. This same pat-
tern occurs in several bird pollinated lineages of
the family, including Klattie and Witsenia (Niven-
inideae) and Chasmanthe (Crocoideae), but not in
others (Goldblati, 1993; Johnson & Bond, 1994
Goldblatt et al., 1999).

POLLINATOR SHIFTS AND EVOLUTION [N THE GENUS

In their analysis of the radiation of pellination
systems in Dise (Orchidaceae} in southern Africa,
Johnsen et al. (1998) asked two questions. One, did
each system originate once or did each mode have
several independent origins? Two, does histary play
an important role in determining the pollination bi-
ology of a species or are pollination systems evo-
lutionarily labile? These questions can equally be
asked of Gladiolus, and the answers are strikingly
similar. As in Disa, there is ample evidence from
comparative morphalogy and ¢ladistic analysis that
different pollination systems arose repeatedly with-
in Gladialus. Thus, we conclude that, within certain
parameters, pollination systems in the genus are
extremely labile. There is always a historical com-
porent to the radiation of pollination systems, and
the zygomorphic, tubular, often large, nectar-pro-
ducing flowers of Gladiolus seem constrained to uti-
lizing pollination systems that involve passive pol-
len transfer with pollinators visiting flowers in
search of nectar. This contrasts markedly with gen-
era like Hesperantha, fxia, and Romulea, which
have small, rotate, or campanulate flowers that em-
phasize pollination systems involving hopliine bee-
tles or bees foraging for pollen, ar 2 combination of
hopliines and bees. Thus, hopliine beetles, which
favor actinamorphic, salverform flowers; butterflies,
other than Aeropetes; bombyliid flies, which favor
relatively small flawers; and carrion flies; all sig-
nificant pollinators of the southern African flora, are
not at all or are or harely utilized within Gladiolus.
Even the active pollination system involving female
bees foraging for pollen is weakly developed, al-
though it has evolved independently in four species
of four different sections or series (& aureus, G.
brevitubus, G. quadrangulus, and G. stellatus}.

It has been implicitly assumed that explicit phy-
logenetic hypotheses based on well-supported ¢la-
disgtic analyses are necessary to determine pattems
of floral radiation and asseciated diversity of pol-
lination systems in Aowering plants (Armbruster,
1992, 1993; Johnson et al., 1998). We lack such a
phylogeny in Gladiofus, but the monographs of the

genus for tropical and southern Africa offer phy-
logenetic classifications and preliminary clado-
grams based on morpholagical analysis {Goldblatt,
1996, Goldblatt & Manning, 1998}. In southern Af-
rica, Goldblatt and Manning recognize seven sec-
tions in the genus (Table 4}, each supported by spe-
cialized features (synapomarphies). Within these
sections a total of 21 species aggregates (informal
taxonomic series) are alsa recognized, these like-
wise supperted by derived characters. Thus, a phy-
logenetic framewark exists, which offers 2 broad
understanding of the major patterns of radiation in
the genus. Pollination biology in Gladislus is also
moderately well understood. Pollination by anthe-
pharine bees and native Apis mellifere foraging for
nectar and passively transporting dorsal loads of
pollen is the most common system, now decument-
ed in 43 species. The close similarity of floral mor-
phology and nectar characteristics suggest that an
additional 44 species share this same pollination
system (Table 3).

Pollination systems in Gladiolus, in order of im-
portance (Table 3) then, are large-hodied, long-
tangued bees (539}, long-proboscid flies with pro-
basces over 20 mm long (18%), nectarinid birds
{12%), night-flying moths {7%), the satyrid butter-
fly, Aerapetes (5%), and small-bodied, short-tongued
female hees foraging for pollen (29%). The comman
hopliine beetle system of southern African Irnda-
ceae is represented in just one species. Matching
the pollination strategy against the classification of
the genus shows repeated shifts in pollination sys-
tem (Table 4). Assuming that large-hadied, long-
tongued bee pollination is ancestral, as postulated
above, we suggest a minimum estimate of the in-
dependent origin of long-proboscid fly pollination
at least 12 times {in six sections of the genus}.
Likewise, we infer the independent arigin of pas-
serine pollination 7 times {in 7 series in four sec-
tions), moth pellination 5 times (in 5 series in 3
sections), and Aeropetes pollination 3 times (in 3
series in 3 sections). Combining this with the in-
dependent origin of active bee pollination in four
species In four separate series and hopliine polli-
nalign in one series, we infer a total of at least 32
shifts in pollination system within Glediolis. Put
another way, this represents one shift for every 5
species of Gladiofus. This appears to be a remark-
able degree of flexibility in floral characters and in
patterns of convergent evolution, at least as far as
current knowledge allows this statement.

PATTERNS OF SPECIATION—GEOGRAPHY VERSUS
POLLINATION SYSTEM

A more difficult question to answer than the fre-
quency of pollinatar shifts is why these shifts oc-
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curred. Two factors appear significant in pollinator
shifts in Gladiolus. One frequent pattern is an as-
sociated shift in soil substrate without any signifi-
cant geographic disjunction among closely related
species with different pollinators. Several examples
illugtrate this point. In the four species of series
Floribundus, hee pollinated G. rudis and G. gron-
diflorus grow on sandstone or clay slapes respec-
tively, fly pollinated G. floribundus on drier rocky
sandstone habitats, and bird pollinated G. miniatus
is restricted to coastal limestones. In series Per-
meabills, G. permeabilis subsp. edulis favors sandy
or rtocky doleritic-derived soils, whereas the im-
mediately related G. seknbuniensis is restricted to
dolomite and other limestone-type soils (Manning
et al., 1999). In the three species of series Appen-
diculatus, bee pallinated G. eppendiculatus accurs
an igneous substrates, while the two fly pollinated
species, G. calearatus and G. mocneilii, occur an
sandstone- ar dolomite-derived soils, respectively.
A similar pattern is mirrored in series Grocilis,
where moth pollinated G. maculatus favors clay
soils, while the closely related G. priorii and G.
meridionalis, both bird pollinated, favor rocky
sandstone or granite slopes (G. priorii) or coastal
limestones (G. meridionalis). As in Lapeirousia
(Geoldblatt & Manning, 1996), one pattern of spe-
cles diversification in Gladiolus is marked by an
edaphic shift accompanied by a change in polli-
nator without a marked geagraphic disjunction.

A second pattern of speciation is associated with
a shift in Aowering phenology. In the southern Af-
rican winter-rainfall zone this shift is sometimes
combined with a change in pollinator in closely re-
lated species. A phenological shift is consistently
associated with Aergpetes pollination hecause this
butterfly is on the wing from late December to
April. At least three clades comprise species that
flower in the late summer or autumn and show a
shift to Aeropetes pollination. This phenological
shift need not accompany a change in pellinator.
Several autumn-flowering species of sections Hom-
oglossum and Linearifolius maintain ancestral
large-hadied anthophorine bee pollination but flow-
er at a time when few other members of the sur-
rounding fora are in bloom, and competition for
bee pollination must be minimal. In the winter-
rainfall zone, related species flower at the expected
time, earlier in the season. In the summer-rainfall
zone there is a comparable phenological shift in
species of section Linearifolins, in this case for
flowering earlier in the season, at the end of the
dry season and hefore the flowering peak in the
flora. Phenological shifts, whether accompanied by
pollinator shifts or not, are generally accompanied

by changes in patterns of vegetative growth (Gold-
blatt & Manning, 1998). Most often the production
aof leaves is delayed until conditions are favorable
for vegetative growth, and leaves present at flow-
ering time are reduced in size and often in number.
Alternatively, the flawering stem with its reduced
leaves does not die as the seeds mature, but re-
mains green throughout the growing seasaon.

Long-probaescid flies are on the wing late in the
flowering season, mainly October to December in
the winter-rainfall zone, February to April in the
summer-rainfall zone. Shifts to this pollination sys-
tem may be driven by selection by these insects.
An aspect of pollination by extreme specialists, ei-
ther long-prohoscid flies or Aeropetes, that awails
explanation is the praminence of these systems as
soon as these insects are on the wing. Bees are the
predominant pollinators in the winter-rainfall zone
early in the season (late winter and spring) and in
the late spring and early summer in the summer-
rainfall zone, but their importance for genera, like
Gladiolus falls dramatically once long-proboscid
flies and then Aeropetes hecome active. It may he
that competitign for conventignal pollinators (apid-
anthopherine bees) influences the shift to specialist
pollinators. There is, however, no evidence that bee
populations also fall at this time, which might lead
to the expleitation of alternative pollinators. Tt may
simply be that long-proboscid flies, which usually
earry pure loads of pollen of particular species at
various sites on their bodies (Goldblatt & Manning,
1999, 2000} are more effective pollinators. Bees
remain active and plentiful in the summer-rainfall
zone thoughout the time that long-proboscid flies
and Aeropetes are active. [n the winter-rainfall zone
apid bees also remain active and prominent polli-
nators of Gladialus species that flower in late sum-
mer and autumn.

As noted for subgenus Lapeirousic in winter-
rainfall southern Africa (Goldblatt & Manning,
1996), edaphic shifts appear to be the primary step
in population differentiation, which is then rein-
foreed by a pollinatar shift. This may be more read-
ily accomplished in small peripheral populations
separated ecclogically from the swamping effects of
the ancestral gene pool. The second pattern, which
involves a phenological shift, may he entirely pol-
linator driven. Whatever the full explanation may
be, there is no doubt that pollinator shifts explain
much of the species diversity in the African genera
of the Iridaceae.

Species diversification within the same pollina-
tion system requires different explanations. Some
species fit the elassic pattern of divergence caused
by geographic isclation alone. For example, within
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series Homaglossum the lineage of similar-flowered,
hird pollinated species, G. quadrangularis, G. ter-
etifolivs, and G. watsonins, occupy separate, al-
though adjacent geographic ranges, but maintain
identical soil preferences, flowering times, and pol-
linators (Goldblatt & Manning, 1998). A compara-
ble pattern is evident in the second lineage of the
series, in which G. abbreviatus, G. fourcadel, and
G. huttonti have adjacent ranges across the south-
ern and eastern Cape, but there is a shift in phe-
nology in G. abbreviatus to winter-flowering as com-
pared Lo its spring-flowering relatives.

Speciation patterns are often more complex.
Competition for the same suite of pollinators at
times of flowering peaks, August and September in
the winter-rainfall zone and December to February
in the summer-rainfall zone, 13 one explanation for
the presence of species clusters in sections Densi-
florus, Hebea, and Homoglossum, all pollinated by
the same range of large-bodied bees. Under intense
competition for pollinators, a distinetive display of
form, color, or even fragrance may enhance repro-
ductive success. [n a genus such as Gladiolus,
where species are self-incompatible but are almost
all interfertile, only highly distinctive species shar-
ing the same pollinator can coexist in a particular
habitat, whatever their edaphic niche may be, with-
out the develapment of hybrids. [t 15 not unusual
to find three or four coblooming species of Gladi-
olus sharing the same set of hee species as their
pollinators. Each Gladiolus species has its own mi-
crohabitat, so that competition for space and nutri-
ents is not a concern. However, in such situations
species invariably differ substantially in appear-
ance and fragrance. Anthophorine bees, which are
to a degree flower constant (Bernhardt, 1996; Gold-
blatt et al., 1998b), do not visit these different spe-
cles sequentially, and hybridization is rare in our
experience, and unknown in undisturbed habhitats.
We therefore assume that introgression is not an
explanation far much if any of the species diversity
in the genus. Reproductive isolation due to poly-
ploidy or dysploidy can also be largely ruled out as
having played a role in the radiation in southern
African Gladiolus. Nearly all species are diploid
and have the same chromosome number, n = 15
(Goldblatt & Takei, 1997). Only G. dalenii is con-
sistently polyploid in southern Africa (diploid races
oceur in tropical Africa and Madagascar), and G
leptosiphon, n = 30, may he a palyploid species,
although only one population has heen examined
for chromosome number (Goldblatt et al., 1993,
Goldblate & Tskei, 1997). The predominant factors
that promote reproductive isclation in Gladiolus
then are floral presentation frequently combined
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with edaphic or phenological shifts, phenological
shifts alone, or conventional geographic barriers to
dispersal.

SPECIALIST POLLINATION SYSTEMS AND RARITY

As pointed out by Johnson and Bond {19943 for
species pollinated by Aergpetes, many of the plants
are rare or have narrow ranges. This is certainly
true of butterfly pollinated species of the winter-
rainfall zone, but it is also true that these species
are usually restricted to rare habitats that remain
moist during the dry summer and autumn {Gold-
blatt & Manning, 1998}. Long-proboscid fly polli-
nated species of the winter-rainfall zone also flower
fairly late and require mesic habitats that limit their
distribution. Thus the rarity or narrow ranges of
species using specialist pollinators may he no more
than a reflection of the scarcity of suitable habitats
available to them compounded by the difficulty of
dispersal to isolated hahitats where they can be-
come established. The correlation of specialist pol-
linator and rarity is misleading. It is prebably not
the result of the unusuval pollination system but of
the paucity of suitable hahitats and the difficulty of
dispersal to similar habitats, located considerahle
distances away.

In the southern African summer-rainfall zone
some Gladiolus species are certainly rare. While
the immediately related G. permeabilis is wide-
spread across southern Africa, . sekukuniensis is
restricted to a narrow stretch of Northern Provinee.
Similarly, G. macneilii is a narrow endemic, where-
as allied and presumably ancestral G. appendicu-
latus has a far wider range. However, both these
rare species are also edaphic specialists, confined
te unusual lLimestone soils. The correlation here,
then, is a reflection of edaphic shift being associ-
ated with a change in pollinator.

CONCLUSION

The ultimate explanation for the success of Glad-
iolus compared to related genera in the family
seems to lie in a genetic system that allows for
adaptation to many different habitats, soil types,
and climatic conditions combined with an extreme-
ly labile foral form that is receptive to selection. If
there is one feature of the reproductive system that
appears distinctive in Gladiolus it is that most spe-
cles appear, at least from preliminary studies (Gold-
blatt et al., 1998a; Goldblatt & Manning, 1999), to
be self-incompatible, unlike other genera in the
same subfamily, and mareaver, the flowers are
strongly protandrous and herkogamous, also unlike
the situation in ather Crocoidese (where this is
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known). The genus also has a high basic chromo-
some number, x = 15, one of the highest in the
family. Qutcrossing and associated genic recombi-
nation are therefore maximized. The only other ge-
nus that is comparable in the family, Moraea (sub-
family Iridaideae), is also an unusually large genus
with some 200 species, and it too shows strong self-
incompatibility, protandry and herkogamy, but not
a high basic chromosome numher. Whatever the
explanations may be for the species richness in
Gladiolus, and they are probably numerous and
complex, we can only marvel at the diversity and
adaptahility of this remarkahle genus.
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