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THE LONG-PROBOSCID FLY
POLLINATION SYSTEM IN
SOUTHERN AFRICA?

Peter Goldblatt® and John C. Manning®

ABSTRACT

Some 14 species of long-proboscid flies (Diptera) in two families, Nemestrinidae and Tabanidae, with elangated
mouth parts are knewn to pollinate species in several plant families, most importantly Geraniaceae, Iridaceae, and
Orchidaceae, across southern Africa. Long-probaseid fly pollination appears to comprise three discrete guilds of flies
in the genera Prosoeca, Moegistorhynehus, and Stenobasipteron (Nemestrinidae) and Philoliche (Tabanidae). Flies in the
three guilds are on the wing at different times of the year and pollinate different suites of plant species, sometimes
with different flaral characteristics. The three pollinatar guilds aperate for the most part in different pans of the
subeantinent. Where there is geagraphical averlap, the pevods of activity differ, Plants pollinated by long-probascid
flies have flowers with an elongate, cylindrical flaral tube, mostly 3560 cm long, a perianth of specific colars and
marking, a Aoral reward of nectar, and lack floral fragrance. Pollen is not eaten by these flies, and anthers and pollen
are often cryptically coloved. Flowers are usually zygomorphic and bilabiate, and the petal or tepal lobes have char-
acteristically shaped nectar guides. With few exceptions, the flowers offer ample nectar of sugar concentration mainly
in the 20-30% range. Several orchids and one Pelgrgonium using long-probaoscid flies far pollination offer no nectar,
and pollination is accomplished through flaral mimicry and deception. [n long-probeseid Ay pallination systems, place-
ment of pallen an the insect’s body is highly specific, and there are at least six mutually exclusive sites of pollen
depasitian on an insect’s body. When two or mare long-proboscid-fly-pollinated plant species co-oceur, each typically
utilizes a different pollen deposition site. This suggests that pallen contamination is detrimental ta reproductive success
and that differential pallen deposition sites are important far plants pollinated by long-proboscid flies. Since these flies
are the sole ar main pallinators of at least 120 plant species and the inferred pollinators of at least 80 mare species
in southern Africa, they must be considered keystane species in the ecosystems where they oceur.

Kay words: ca-evolution, floval ecology, lang-proboscid flies, pollination,

A close association between the form and color
of flowers and pollination by a particular pollinatar
is well known. Convergence in floral morpholagy
among species that rely on the same pallinator class
led to the recognition of floral syndromes (e.g., Vo-
gel, 1954; Faegri & van der Pijl, 1979). Moreover,
species with morphologically similar flowers that
share the same pollinator species constitute a par-
ticular pollination guild, an extension of the term
describing a group of species that exploit the same
class of resources in a similar way (Root, 1967).
Likewise, insect species using a particular group of
plants as a food resaurce in a similar way may also
be regarded as a guild. A guild is thus a functional
unit independent of taxonomic considerations, as
are floral syndromes. Although a number of polli-
nation syndromes have heen identified in the south-
ern African flora (Vogel, 1934}, relatively few guilds
have been described. The most striking of those
that have been documented is the association be-

tween the satyrid butterfly, Aeropetes {Meneris) tul-
baghia, and late-summer-flowering species with
large, bright red blassoms {Johnson & Bond, 1994).
Others include the association of several plant spe-
cies with magenta to vialet-colored flowers and the
fly Prosoeca peringueyi (Manning & Goldblatt,
1996), the suite of plant species with cream to pale
pink flowers blooming in autumn that depend on P
longipennis for their pollination {Manning & Gold-
blatt, 1995}, and the Moegistorhynchus longirostris
guild of the west coast of South Africa.

Pollination by long-prohoescid flies is a relatively
unusual phenomenon, first recarded in southern Af-
riea by Marlath (1908) and later described in some-
what more detail by Vogel {1954). In their review
of insect pallination in the Cape Flora of Sauth Af-
rica, Whitehead et al. (1987) were the first to really
recognize long-proboscid fly pollination as a unique
pollination system, although very litile was then
known about either the flies or what plant species
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they pollinated. Thus, long-proboscid fly pollination
has only been regarded as a class of pallination
system comparable with that of the major pollinator
groups or syndromes, bird, bat, bee, butterfly, and
muscid/carrion fly, since the late 1980s. Muscid/
carrion fly pollination, alse called myophily, is clas-
sically assaciated with actinomorphic, bowl- or sal-
ver-shaped flowers of pale or dull colors, readily
accessible nectar, and well exposed sex organs
(Faegri & van der Pijl, 1979). Pollination by Dip-
tera is, in fact, diverse and cannot he usefully re-
garded as a single pollination syndrome. Sapro-
.myophily is already distinguished from general
myophily because the flies in the syndrome have
lapping mouth parts, are attracted by unpleasant
odars of decay or fermentation, and are associated
with flowers with dull colors, often with maottled pig-
mentation, and hairy or frilled petals ar tepals.
Long-proboscid fly pollination (or rhinomyophily,
viz. Rebelo et al., 1985) may readily be distin-
guished from classical myophily and its specialized
derivative, sapromyophily, and differs in all criteria
enumetated by Faegri and van der Pijl for this my-
ophily. Long-proboscid fly flowers are typically zy-
gomorphic, normally have an elongate floral tube,
and have bright caloration. The sex organs are pre-
sented in a wide range of orientations, sometimes
concealed within or above the mouth of the tube,
ar are elongate and held distant from the saurce of
the nectar reward in a unilateral, arcuate {adaxial)
or declinate (abaxial) dispasition.

Although pollination by long-proboscid flies has
been described from various parts of the world, the
system as we define it here is restricted to the Hi-
malayan Region (Fletcher & Son, 1931; Dierl,
1968} and southern Africa, where the system has
received a fair amount of attention since 1990 {e.g.,
Goldblatt et al., 1935; Manning & Goldblatt, 1996,
1997; Johnson & Steiner, 1995, 1997). So-called
lang-proboscid fly pollination described in the lit-
erature, for example, by Grant and Grant (1965) in
California, refers to bombyliid flies with probosces
less than 15 mm long and differs from the polli-
nation system we regard as long-probascid fly pol-
lination. Here we review long-proboscid fly polli-
nation, report additional examples of pollination by
long-proboscid flies, and assess the importance of
the system in the southermn African flora relative to
other pollination systems.

REVIEW oF LonG-PrasosciD FLY POLLINATION
LONG-PROBOSCID FLIES

Definition and morphalegical characteris-

tics. We define long-probascid flies here as thase

insects that have mouth parts at least 15 mm long
and a body length of more than 15 mm. Fifteen
species in two families, Nemestrinidae and Taban-
idae, are known to have mouth parts this long, 14
of them restricted to the southern African region,
Lesotho, Namibia, South Africa, and Swaziland
(Fig. 1, Table 1), and ane to the Himalayas (Dierl,
1968). Adult morphs of these flies depend largely
or exclusively on floral nectar for their nutrition and
are avid foragers of nectar-rich flowers (female Ta-
banidae also require a blood meal). Their visits to
the flowers of some plants result in the passive ac-
cumulation of pollen or pollinaria as they brush
against anthers, and in turn, the passive transfer-
ence of pollen or pollinaria to stigmas during visits
to other flowers of the same species. Most other
Nemestrinidae and Tabanidae have substantially
sharter mouth parts and, although they also feed on
nectar and pollinate plants, they are not known to
he the only pollinator(s) of any plants. [nstead they
share pallen resources with other insect taxa in-
cluding long-tongued bees, Lepidoptera, hopliine
beetles, and bee flies (Bombyliidae} (Goldblatt et
al., 1995, 1998b, in prep.). The tabanid, Philoliche
aethiopica, and the acrocerid flies, Psiladera spp.
{Goldblatt et al., 1997, Potgieter et al., 1999), have
mouthparts of intermediate length, mostly 12-15
mm long, and they are provisionally excluded from
consideration here: their shorter mouthparts pre-
vent them from foraging effectively on flowers of
plant species that have exclusively long-proboseid
fly pollinators.

Long-proboscid flies are large-badied insects,
typically measuring 15-24 mm from the tip of the
abdomen to the base of the proboscis. Mouth parts
are as long as, or often substantially longer than,
the insect’s body, the most exireme example being
Moegistorhynchus longirostris—individuals along
the Cape west coast have been recorded with pro-
bosces up to 100 mm long (Fig. 2). Foraging be-
havior is similar in all species, irrespective of fam-
ily or genus, and although flies have been described
as hovering while foraging (Struck, 1997), this is
not the usual pattern. Qur observations show that
flies firmly grasp tepal or petal lobes or other floral
organs as they forage for nectar and while doing so
they cantinue to vibrate their wings rapidly (Gold-
blatt et al., 1995; Goldblatt & Manning, 1999) (Fig.
3A-D).

Foraging patterns vary, but our observations
show that long-proboscid flies are seldom flower
constant. While flies sometimes forage for a time
on a particular floral form and may visit a partieular
species more frequently than any other, more often
their foraging appears to be random, and foraging
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Figure 1.  Southern Africa, showing the geographical extent of each of the three long-praboscid fly pollination guilds.

—1. The Prasoece peringueyi guild. —2. The Moegistarhynchus—Philoliche guild {shaded). —3. The Prosoece gan-
glbayeri guild. The ranges of guilds 1 and 2 carrespond almost exactly to the southern African winter-rainfall zone.
Nate the limited geagraphic ovetlap that does not coincide temporarily.

bouts may include flowers of several different spe-
cies, some of which even have different shapes, siz-
es, and colors. This emphasizes that long-probascid
flies can and do forage on a wide range of flowers.
Long-tubed flowers, however, are the only ones that
offer a secure reward, and because of their size, a
significantly larger reward, and one that is not
available to most other nectarivarous insects.

Zoogeography. The southern African long-pro-
boscid flies have variable geographic ranges (Table
1}. All but ane of the species are, however, restrict-
ed to ane or the other of the two major climatic and
biatic zones of southern Africa, the winter-rainfall
zone in the southwest, and the summer-rainfall
zane, which covers the rest of the subcontinent (Fig.
1). Prasoeca ganglbaueri has the widest range and
extends from the Narthern Pravince of South Africa
through eastern southern Africa to the Kleinswart-
berg in the south {at the interior edge of the winter-
rainfall zone), a distance of over 1500 km. In con-
trast, and despite pollination research in the area,
P rubicunda is known from one specimen from the
southwestern Cape, while P nitidula is restricted
to the Cape Peninsula at the extreme southwestern

edge of the subcontinent and the center of the win-
ter-rainfall zone. Evidently also rare, Moegistorhyn-
chais sp. is known from two high-mountain sites in
the southwestern Cape.

PLANT 3SPECIES

Plants that depend on long-proboscid flies for
their pollination comprise a varied group taxonom-
ically and morphologically (Table 2). They range
from seasonal perennials, mostly geophytes with
corms, bulhs, or tubers (Amaryllidaceae, Jridaceae,
Orchidaceae, some Geraniaceae), to shrubs (Eri-
caceae, some Geraniaceae, Lamiaceae, Serophular-
iaceae}. No annuals or trees have so far heen found
with this pollination system.

Floral characteristics. Flowers of most species
have in commaon a long floral tube (Figs. 4, 5) (we
use the term here to include a corolla or perianth
tube, tepal spurs of orchids, as well as the recep-
tacular tube of Pelargonium), usually exceeding 20
mim, and usually produce ample nectar. Notable ex-
ceptions are Aristea spiralis (Iridaceae) and species

of Brunsvigia and Nerine (Amaryllidaceae}, which
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Tahle 1. Proboscis length, peak months of activity, and geagiaphic ranges of long-probascid flies in southern Africa.

Data are taken from our ohservations, the literature, and museum collections. So little is known about Prosceca rubi-
cunda that its inclusion in the Moegistarhynchus—Philoliche guild is tentative. Taxonomic affiliation: Nemestrinidas—
Moegistorhynchus, Prasoeca, Stenobasipteran; Tabanidae—Philoliche. WRZ = winter-rainfall zone, SRZ = summer-
rainfall zone. *Note that we regard M. braunsii and M. perplexus {each known only from their type collections} as

synonyms of M. langirostris.

Proboscis length Maonths an
Fly species range mm (N} the wing Geographic range
Prosoeca peringueyi guild
F. peringueyi {15-)25-40 (15} July—Sep. WRZ: 5 Namibia to N Western Cape
F. sp. nov. 32-43 (8) Aug.—Sep. WRZ: Northern Cape (Calvinia District)
Moegistarhynchus—Philoliche guild
M. langirastris® {35-142-80 {14} Sep.—Now. WRZ: Western and Northern Cape coast and
interiar
M. sp. nav. ca. 21 (1) Jan. WRZ: Western Cape
Philoliche gulosa 18-33 {9) Sep.—Nov. WRZ: Western Cape, mainly interior
£ rostrate 21-27 (7 Oct.—Nov. WRZ: Western Cape, coast and interiar
Prosoeca nitidula 18-23 {3) Qct.—Jan. WRZ Western Cape (only Cape Peninsula)
P rubicunda ca. 21 (1} Jan. WRZ: Western Cape {only Caledon District)
Prosoeca ganglbaveri guild
P ganglbaueri (1792542 (12} Jan.—Apr. SRZ & WRZ: Northern Pravinee to E Western
Cape incl. Lesotho
P. longipennis 38-40 (3 Mar—Apr. WRZ: Southern Cape
P robusta 20-46 (7) Feb—Ap:. SRZ: Mpumalangs
Stenobasipteron, wiedmannii  18-30 (9) Feb.—Apr. SRZ: Mpumalanga and KwaZulu-Natal

have floral tubes less than 10 mm long. Species
with short floral tubes have elongate stamens so that
the bady of 2 foraging fly will brush against anthers
even when its proboscis much exceeds the length
of the tube.

Flower colors fall into two major groups (Gold-
blatt et al., 1995; Manning & Goldblatt, 1996,
1997). In northern Western Cape Province and Na-
maqualand flowers are typically intensely dark red
ta purple or violet with pale nectar guides (Fig. 4).
In the rest of southem Africa, however, these colors
are rarely associated with long-proboscid fly flow-
ers. Instead, flowers are usually shades of cream to
pink, with pink to red nectar gnides (Fig. 5). A few
species may have pale blue or mauve flowers, but
species of Mivenia (Iridaceae) are exceptional in
having deep blue perianths. Again with few excep-
tions, the nectar guides consist of longitudinal
streaks. Flower form is usually zygomorphic and
bilabiate with unijlateral, arcuate stamens and style
(Figs. 4G-L, 5F, G) or with declinate stamens and
style (Figs. 4D-F, 5B-E). A few species of Erica,
Hesperantha, Ixia, Nivenia, Romulea, and one of
Lapeirousia have actinomorphic flowers (Figs. 4A—
C, 5A}

Anthers and pollen are often unconventionally
pigmented and frequently match the color of the

perianth, or are simply a dull blue-gray to mauve
{Goldblatt et al., 1995}. Some Gladiolus and Triton-
ia species with cream flowers, however, have dark
purple pollen {Goldblatt & Manning, 1999). It has
been suggested that unusually colared pollen is an
example of crypsis, making the pollen less con-
spicuolls to pollen-collecting insects (Manning &
Goldhblatt, 1996). In Pelargonium species, anthers
and pollen are bright red to orange and may con-
tribute to the floral signal to flies {Goldblatt et al.,
1995), especially if the petals are weakly marked.

Scent production is rare {Table 2). In the Irida-
ceae only Babiana sambucinag has strongly scented
flowers, while B. framesit often has lightly fragrant
flowers. In the Amaryllidaceae, species of Bruns-
vigia typically have a light sweet fragrance.

A particularly notable aspect of long-proboescid
fly pollinated plants is the range of stamen orien-
tation and length, which are directly related to the
site of deposition of pollen on the bady of a fly.
Actinomorphic flowers have symmetrically dis-
posed stamens either held close to the month of the
floral tube, or in Erica, within the tube. In Aristea
spiralis the anthers are held 16-20 mm from the
vestigial floral tube. Nivenia species either have the
anthers held at least 10 mm from the mouth of the
tube, or in the distylous N. argentee and N. steno-
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Figure 2. Moegistorhynchus longirostris, the fly with
the longest praboscis of all southem African lang-probas-
cid flies. The tongue measures between 35 and 100 mm

long. Nate the scattering of pollen over the dorsal part of
the fly’s hody.

stphon stamens of the pin {long-styled and shaort-
stamened) morph are held just abave the apex of
the floral tube. In zygomeorphic flowers, the stamens
are unilateral and either arcuate (arching above the
mouth of the tube), as in most Iridaceae, or decli-
nate (arching below the mouth of the tube), as in
Pelargonium (Fig. 4D-F), Geissorhiza (Fig. 5B), and
the amaryllids Brunsvigia and Nerine. In the latter
twa genera, the filaments are extended forward for
35-40 mm, so that the anthers are held at least this
distance fram the nectar source. Stamen length is
notably variable in Pelargonium, species of which

have anthers held clase ta, or up to, 15 mm from’

the mouth of the floral tube. Pollen depasition on
foraging flies is dorsal in species with arcuate sta-
mens and ventral in species with declinate stamens.
When anthers are held close to the mouth of the

floral tube, pollen depesition is on the frons and/or
the base of the prohoscis.

COMPARATIVE PoLLINATION ECOLOGY OF THE
THREE GUILDS

SUBDIVISION OF THE LONG-PROBOSCID FLY
POLLINATION SYNDROME

We propose recognizing three separate pollina-
tion guilds or systems within the long-probescid fly
pollination strategy. The flies that helong to each
system show little or no overlap with those of other
systems in plants visited or season on the wing,
although there is some overlap in geographic range
(Fig. 1). Within each system there are well-defined
guilds of plant species that have one or occasionally
twa fly species as their sale pollinator. A few plant
species may be pollinated by different fly species
in different parts of their ranges. Thus, Lapeirousia
silengides is pollinated only by Prosoeco peringueyi,
but L. jacguinii may be pollinated by P. peringueyi
or, on the Bokkeveld Plateau, by Proseeca sp. nov.
Likewise, L. fabricii has been recorded as pollinat-
ed by Moegistorhynchus longirostris at some sites,
by Philoliche guiosa at others, and by both flies at
one site’ {Manning & Gaoldblatt, 1997). The occa-
sional presence of two long-proboscid fly species at
a few sites has also been documented by Goldblatt
and Manning {1999) both in Western Cape and
Mpumalanga Provinces, but this appears to be a
relatively infrequent situation.

1. The Prosoeca peringueyi guild includes two fly
species, P. peringueyi and Prosoeca sp. nov. (Table
1). With complementary ranges in southern Namib-
ia and Namaqualand teo the Olifants River Valley
and the Western Karoo in South Africa (Fig. 1},
these two flies are active from July to late Septem-
ber. The range is thus restricted to the western half
of the southern African winter-rainfall zone and ac-
tivity to the cooler months of the year. The two flies
pollinate separate suites of species with similar flo-
ral presentation, but at least the widespread Babi-
ana framesii, two varieties of B. sambucing, and
Lapeirousia jacquinii share both flies as their sole
pollinators {Goldblatt et al., 1995; Manning &
Golidblatt, 1996},

Plants in the guild (Table 2) stand out in having
flowers intensely pigmented in shades of magenta,
deep purple, or violet, the lower, or all the petal or
tepal lobes in the case of actinomorphic flowers,
with cream to yvellow markings and areas of darker
pigmentation (Fig. 4). Tepal lobes are often rela-
tively smali, 12-15 mm long (e.g., Lapeirousia joc-
quinti, L. silenoides, Romulea hantamensis), but
some species of Babiana belonging to the guild
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have relatively large flowers with tepal lobes up to
28 mm long. Anthers and pollen are often shades
of mauve to violet or cream.

The floral tube in most species of the Praseeca
peringueyt guild is at least 20 mm long, and usually
in the 30-45 mm range. All members of the guild
flower in the late winter to late spring, late July to
mid September, and are geographically resiricted to
the southern African west coast and near interior
{Namaqualand and the northwestern Cape, South
Africa, and southwestern Namibia). Some plant
species in the guild have somewhat wider ranges
than their pollinators and today reproduce sexually
only by autogamously produced seed in the parts
of their ranges where no pollinating flies accur (e.g.,
Lapeirousia jocquinii, Sparaxis metelerkampiae)
{Manning & Goldblatt, 1996; Goldblatt et al., in
prep.).

2. The Moegistorhynchus—Philoliche guild,
named for the most conspicuous fly genera in the
system, includes six or seven fly species. The two
tabanids, P. rastrata and P gulesa, have the widest
ranges, collectively extending from southern Na-
mibia to the southeastern Cape (Fig. 1}. The three
Moegistorkynchus species and the one or two Pro-
seeca species of the system have narrower ranges
in the southwestern Cape (Table 1). Flies of this
system are mostly active from late spring to early
summer, mid September to November, but are still
on the wing until January locally at higher ¢leva-
tions. Species pollinated by this group of flies most-
ly have a similar floral presentation, and the par-
ticular pollinator depends on geagraphy. The same
species may be pollinated by up to three different
flies over its entire range. Although the geograph-
ical ranges of the Pr. peringueyi and Moegistorhyn-
chus—Philoliche systems overlap in western south-
emn Africa, they overlap very little in period of
activity of fly species and, as far as is known, not
at all in plants pollinated.

Plants in the Moegistorhynchus—Philoliche guild
mostly have flowers in shades of white to cream,
usnally with pink undertones, or pale to deep pink
fFig. 5). Nectar guides are deep pink or red, oc-
casionally with a white streak in the center of each
dark mark. On the southern African west coast,
flowers often have relatively large tepal lobes, 30—
50 mm long (e.g., Gladiolus angustus, G. undulotus,
Pelargonium longicaule), but Babiana tubulesa,
Lapeirousia anceps, and P appendiculatum have
fajrly small, inconspicuous tepal or petal lobes, up
to 15 mm long. The longest floral tubes (60-110
mm long} are found in west coast populations of &.
angustus, L. anceps, and P appendiculatum, and
these species are associated exclusively with a sin-

gle pollinator, Moegistorhynchus longirostris. There,
this fly has a proboscis at least 65 mm long, where-
as in central Namaqualand, to the north, it has a
proboscis only 3745 mm long. Populations of G
angustus and L. anceps elsewhere have shorter
tubes and are pollinated by Philoliche species,
which have correspondingly shorter probosces.

Several plant species from the Roggeveld and
Hantam areas of the western Karoo including Ba-
biana spathacea, Disa karooica, and Romulea syr-
ingoedeaflora (white-flowered race}, as well as sey-
eral species of Pelargonium, all of which have
cream to white flowers with red markings and elon-
gate floral tubes, present a problem in the context
of long-proboscid fly pollination. Although they
bloom from October to eatly December, when Phil-
aliche gulosa and P. restrata are on the wing, and
have flowers that appear to be adapted for polli-
nation by long-prohascid flies, no long-praboscid
species have been captured or recorded in this
area. Can the legitimate poliinator(s), whether one
of these Philoliche species or another fly species,
be extinct lacally, as suggested by 5. D. Johnson
(pers. comm.)?

Too little is known about the Western Cape spe-
cles, Prosoeca rubicunda, to confidently place it in
one of the long-proboscid fly guilds, but its appar-
ent period of activity, January, suggests that it may
be a local extension of the Moegistorhynchus—Phil-
aliche guild, which is centered in Western Cape
Province. Several plant species from the Caledon—
Bredasdorp area of the winter-rainfall zone that
flower in the summer, from November to January,
including Nivenia concinna, N. stokoet, and Trite-
niopsts flexuosa (Inidaceae) and Pelargonium cau-
califolium (Geraniaceae), have no known pollinator
although they have flowers that conform closely to
the long-praboscid fly type.

3. The Prosoeca ganglbaueri guild, named for the
most widespread and common fly species in the
system, operates in the southern summer and au-
tumn, from January to April, and largely in eastern
southern Africa in areas of summer precipitation
Fig. 1), but also in the eastern half of the winter-
rainfall zane that receives appreciable summer pre-
cipitation. As treated here, the P ganglbaueri guild
includes four fly species (Table 1). While P gan-
glhaueri extends from Northem Provinece southward
to the Kleinswartherg Mountains in Western Cape
Province, P longipennis is resiricted to the southern
Cape coastal belt. Because of the opposed season-
ality there is virtually no overlap in plant species
with the P. peringueyi and Moegistorhynchus—Phil-
oliche systems. The ranges of the flies Prosoeca lon-
gipennis and P ganglbaueri, in the south of its
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foraging on their flowe . soeca peringueyt hovering above a cluster of
vegistorhynchus longirostris about to forage on a flower of Lapeirousia anceps.
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range, overlap the eastern half of the range of flies
belonging to the Moegistorhynehus—Philoliche
guild, but the manths of activity of the flies in the
twa systems differ.

Guilds of plant species pollinated by Proseeca
ganglbauert, P longipennts, and F robusta overlap
ta some extent. For example, populations of Trito-
niapsis revoluta occur within the ranges of P gan-
glbaveri and P longipennis, Disa amoena pollinaria
have heen found on hoth P ganglbaueri and Pr.
robusta, and both flies have heen captured while
foraging on Gladiolus calearatus and Watsonia
wilmsii. Likewise, P ganglbauvert and P. longipen-
ris have been ohserved and captured pollinating
Pelargonium dipetalum in different parts of its
range. No overlap has so far heen encountered in
the species pollinated hy Stenobasipteron wisdman-
nii, and further investigation may show this fly rep-
resents a guild separate from the P ganglbaueri
guild of flies.

Flowers pollinated by flies in the Prosoeca gen-
glbaueri guild are usually pink with dark pink to
red markings, but Zaluzianskya microsiphon has
cream petals, pink on the reverse, and Gladiolus
calcaratus has white flowers. Nivenia stenosiphon is
unusual in having actinomorphie, uniformly deep
blue flowers, at least to the human eye. Thus, in
general flowers pollinated by flies of the P gan-
glbaueri guild resemble those pollinated by flies of
the Maegistorhynchus—Philoliche guild. Species
pollinated hy P iongipennis, a fly restricted to the
southern Cape coastal belt, have flowers with rel-
atively small petal or tepal lobes, mostly ca. 14 mm
long, and a corolla or perianth that ranges from
cream to pale pink or salmon, usnally with darker
pink or red on the lower (Gladiolus, Tritoniopsis),
or upper {Pelargonium), or all the lobes (Cyrtanthus
leptasiphon) (Manning & Goldblatt, 1993). Flowers
pollinated hy Stenobasipteron wiedmannii are
shades of pale blue, mauve, or pink (Goldhlatt &
Manning, 1999; Potgieter et al., 1999) and usually
have small tepal ar petal lobes, hut species palli-
nated by P. ganglbaueri and P robusta often have
large lohes.

FLORAL REWARD—NECTAR

Nectar polume. Nectar production is usually
ample, and quantities mostly range from 1.1 to 5
pl per flower in a standing crop {unhagged flowers}

(Table 3). Large-flowered species like Gladiols an-
gustus and G. vndulotus may produce up to 10 wl
of nectar per bloom. Aristea spiralis is unusual in
having flowers that offer less than 0.5 pl of nectar.
Disa draconis, D. harveiana, and D. oreophila, Pel-
argonium, sericifolium, and Hesperantha scoprlosa
produce no nectar (Table 3} and evidently depend
for their pollination on deceit, their flowers closely
resembling those of other members of their respec-
tive pollination guilds (Goldblatt et al., 1995; John-
son & Steiner, 1995, 1997; Manning & Goldblat,
1997).

Nectar sugar chemistry. In species of the Iri-
daceae, Lamiaceae, and Orchidaceae, nectar is su-
crose-rich to sucrose-dominant (ratio of sucrase to
hexose sugars greater than 1—see Table 3), but
nectar in most species of Pelargonium examined is
hexose-rich or hexose-dominant. Nectar sugar con-
centrations are moastly in the 20-30% sucrose
equivalent range, hut may be as low as 19% (Ro-
mulea hantamensis) or as high as 38% (P incras-
satum) (Table 3). Two species of Hesperantha, H.
grandiflora and H. galpinii, also produce nectar of
unusually low sugar concentration, less than 18%
sucrose equivalents.

PorLrEN PLACEMENT

Pallen placement an the bady of a fly appears to
be an important consideration in long-probascid fly
pollination systems. At all sites that we have in-
vestigated, the number of plant species utilizing a
particular long-probascid fly for their pollination
appears to he closely correlated with the numher
of pollen deposition sites (Manning & Goldblatt,
1996, 1997). Typically the frons and base of the
proboscis, the dorsal part of the head and thorax,
and the ventral part of the thorax and abdomen are
used by different plant species for pollen deposition
(Fig. 6}. In the case of some Orchidaceae, pollinaria
are usually deposited near the hase of the proboscis
{fohnson & Steiner, 1995, 1997}. The need for spe-
cific sites for pollen or pollinarium deposition is
presumably related to the behavior of long-probos-
cid flies, which are not flower constant. Instead,
they visit flowers of different species in an appar-
ently random pattern on foraging houts (Geldblatt
et al., 1995; Goldhlatt & Manning, 1999}. The de-

position of more than one pollen species at the

—

—C. Proseeca sp. nov. about to insert its proboscis into the long perianth tube of Lapeirausia oreagena. —D. Philoliche
rostraia about to forage on Tritonia fobellifolio; note the heavy deposit of purple Tritonia pollen on the dorsal part of

the thorax.
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Table 2. Floral characters of plants pollinated by long-tongued flies arranged by guild. Abbreviations: b = blue
with light throat; er = pale cream with red markings; p = pale pink or deep pink with red or purple nectar guides; v
= vivid (red, purple, or violet shades with contrasting pale nectar guides); wh = white. Seent indicated by — = absent;
+ = present; ++ = present and strong. For tube Jength we give only the functional length, nat total length—in 8.
curviscapa, B. dreget, and B. framesii, all acaulescent species, the lower part of the tube is closed and anly serves to
raise the flower above the foliage. Additional species inferred on the hasis of floral presentation to belong to particular
guilds, but with no insect visits recorded, are listed in parentheses. References, column eight, are as follows: 1 =
Galdblartt et al. (1995) and Manning & Goldblatt {1996); 2 = Manning & Goldblatt (1997); 3 = Galdblatt & Manning
{1999}, 4 = Galdblatt et al. {1999); 5 = Johnsan & Steiner {1993); 6 = Johnson & Steiner {1997}, 7 = Struck (1997);
8 = Manning & Goldblatt (1995); @ = Vegel (1954); 10 = Goldblatt & Bernhardt (1990); 11 = Patgieter et al. {1999);
12 = Goldblatt & Manuing {new data; for methodology see Goldblatt et al. {1998a), Goldblatt & Manning (1999)).

Flower

Sym- Mouth Floral
Species metry Color  Seant Pollinater part mm  tube mm Reference

Prasoece peringueyi pollination system

Geraniaceae
Pelargoniwm
echinatum Curtis z wh - Pr. peringueyi nfa nfa 7
tnerassatuin (Andr) Sims 2 v - Pr. peringueyi 28-33 3040 1
magenteum van der Walt z - Pr. peringueyi 30-35 33-39 1
serieffolium van der Walt EI - Pr. peringueyi 3540 35-60 1
Iridaceae
Babiana
curviscapa G. J. Lewis z v - Pr. peringueyi 25-28 26-36 1,12
dregei Baker z W - Pr. peringueyi 25-28 30-35 1
eckionii Klatt z ¥ - Pr. peringueyi 27-32 40-50 12
Aabellifolia G. ]. Lewis 2 v - Pr. sp. nav. 4045 40-65 1
framesii L. Bolus z v + Pr. sp. nov. and 4045 45-50 1
Pr. peringueyi 30-35 45-50 1
gendculata G. I. Lewis z v - Pr. peringueyi, 30-35 35435 1
pubescens G. ]J. Lewis z v - Pr. peringueyi 32-35 44-50 1
sambucing
var. longibracteata G. I Lewis z v ++  Pr. sp. nov. 4045 40-50 12
var. unguiculata G, J. Lewis z v + P peringueyi 40-45 40-50 12
Hesperantha
latifolia (Klatt) M. P. de Vos PR - Pr. peringueyi 15-25 20-25 1
Lapeirousia
dolomitica subsp.
dolomitica Dinter z v + Pr. peringueyi, 33-35 3540 1
jaequinii N, E. Br. z v - Pr sp. nov. and 3340 33-35 1
Pr. peringueyi 30-35 33-35 1
oreagena Schltr. a ¥ - Pr. sp. nov. 4043 53-70 1
pyramidetis subsp, regalis 2 v - Pr. peringueyi 32-34 40-47 1
Goldblatt & J. C. Manning
stlenoides (Jacq.) Ker Gawl. z v - Pr. peringueyi 3540 43-55 1
unlacen Goldhlatt z v - Pr. peringueyt 32-35 3440 1
Romulea
hantamensis (Diels) Goldblatt a v - Pr. sp. nov. 40—-45 50-70 1
Sparaxis
metelerkampiae (L. Bolus) z v - Pr. peringueyt 30-33 4045 1

Galdblatt & I. C. Manning
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Flawer
Sym- Mauth Floral
Species metry Color  Seent Pollinator patt mm  tube mm  Reference

[Inferred members of the guild—Geraniaceae: Pelargonivm cortusifolivm UHér., P crassicaule UHér. Iridaceas: Lap-
etrausia delomitica subsp. lewisiana (B. Nord.) Goldblaw, Geissarhiza kamiesmontana Goldblatt, Hesperantha ofi-
gantha Diels, H. purpirea Goldblatt, Romulea kamiesensis M. P. de Vos, Sparaxis roxburghii (Baker) Goldblau,
Tritonia marlothii M. P. de Vos, Xenoseapa wliginosa Goldblatt & J. €. Manning. Scrophulariaceae: Jamesbrittgnia
Sfruticosa {Benth.) Hilliard]

Moegistorhynehus —Philaliche pollination system

Campanulaceae
Lobelia
coronopifolia L. {pink form) a p Ph. gulosa 1820 ca 20 12
Geraniaceas
Pelargoniuvm
artteulatum (Cav.) Willd. 2 er Ph. rostrata nfa 50-75 7
barkiyi Scatt Elliot z cr Ph. rostrata nfa nfa 7
elongatum {Cav.) Salish. 2 cr Ph. gulosa and 22-34 24-32 1,2, 12
{also as P zonale) Ph. rostrata 22-31 24-32 12
{aevigatum (L.[.) Willd. z p Ph. gulosa nfa nfa ?
and Ph. rastrate, nfa nfa. 7
langicaule Jacq. z p M. longirostris 65-72 40-90 2
Ph. rostrara ca. 35 55-66 5
myrrhifolivm {L.) CHer. z o Ph. rostrata 23-27 18-23 5
oxyphyllum DC. 2 p Ph. gulosa 18-20 20-25 12
patuium Jacq. z p Ph. rostrate 25-27 15-20 2,7
peltatum (L) UHer, z p Ph. rosirate. 27-31 22-33 7,12
and Ph. gulosa 17-19 22-33 12
praemarsum (Andr) Dietr. z er M. longirastris 2740 3540 2
Irdaceae
Aristea
spiralis (L1} Ker Gawl. z  biw Ph. gulosa 16-13 ca. 1.5 12
Babiona
tubidosa (Burm. 1) Ker Gawl. 7w M. lomgirastris 70-95 65-72 2
Ceissorhize
banaspei Goldblau z p Ph. rostrata 22-24 22-30 12
and Pr. nitidulo 18-24 22-30 12
exscapa, (Thunb) Goldblatt z p M. longirastris a5-70 6580 2
confisa Goldblatt z p Ph. rastrata 25-27 3540 12
and. Ph. gulosa 22-24 3540 12
Gladiolus
angustus L. z p M. longirastris 67-70 70-110 2
carneus 1. Delaroche Z2 p Ph. rastrate. 22-24 32-37 3
andfor Pr. nitidula 18-24 32-37 3
Jaribundus Jacq. 2 Ph. rostrate 30-34 45-60 3
and Ph. gulosa 17-18 45-60 3
monticola G. J. Lewis ex z p Ph. rostrata, 25-27 22-30 3
Goldblatt & T. C. Manning Pr. nitidula 18-20 22-30 3
rhodgnthys J. C. Manning 2z p M. sp. nov. 18-20 23-27 3
& Goldblatt
undulatus Jacq. z cr Ph. rastrata 25-27 52-75 2,3
uigilans Barnard 2 p Ph. rostrata 23-25 3540 3
uirgatis Goldblatt z Ph. rostrata 18-20 23-27 3

& J.C. Manning
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Table 2. Continued.

Flower
Sym- Mauth Flaral
Species metry Color  Seent Pollinator part mm  tube mm Reference
frin
belfendenii R. C. Foster a p - Ph. gulosa 1822 30-32 4
panicufata 1). Delarache a er ~ M. longirostris 67-70 65-75 2,6
and Ph. rostratae nfa 12
paucifolia G. ]. Lewis a e -  Ph gulosa 1822 2628 4
and Ph. rostrato. ca. 16 16-13 4
Lapeirousio
anceps {L.1.) Ker Gawl. z p - M. longirastris 52-43 65-76 1,2
and Ph. gulosa 29-34 2
Jabricii (D. Delaroche) Ker
Gawl. 2z colp -~ M. langirostris 42-70 38-65 1,2
and Ph. gulose 20-34. nfa 2
Tritonte
crispa (L. £} Ker Gawl, 2 p - M. longirostris 4246 40-48 2
and Ph. gulosa 20-34. 40-48 2
fabellifolio (D. Delaroche) z p - Ph. rastrata 27-31 45-55 12
G. J. Lewis and Ph. gulosa 17-18 45-553 12
pallide Ker Gawl. 1 p - Ph. rostrate 30-34. 45-33 12
Watsonia
barbonica {(Pourr.) Goldblatt z p + Ph. rostrate, 19-22 14-18 12
Pr. nitidule, 18-19.5 14-13 12
anthaphorine and
megachilid
hees, Ph. lateralls 12
paucifolia Goldblatt z p - M. sp. nov. 18-20 22-30 12
Orchidaceae
Disa
draconis (L. [.) Sw. 2 o - M. longirostris, ca. 57 ca. 48 &
Ph. rostrata ca. 35 57-72 ¢]
harveiona Lindl. z pb - Ph. rostrote 23-27 32-38 6

[Inferred members of the guild—FEricaceae: Erica aristata Andr., E. embothriifolia Salisb., E. jasminiflora Salish., E.
junania Bolus, E. praecox Klatzseh, E. shannoniana Andr. Geraniaceae: Pelargonium alchemilloides (L) UHer.,, P.
appendiculatim (L.L) Willd., P articudatium, (Cav.) Willd., P denticulatum Jacq., P moniliforme E. Mey. ex Harv,,
P oblongatum Harv.,, P punctatum (Ande) Willd., B rediatum (Andrews) Pers., P stipulaceum (L.f.) Willd., £
suburbanum Cliff., P tetragonum (L.L) CHér. Iridaceae: Babiana brachystachys G. J. Lewis, B. spathaceo {L.f.) Ker
Gawl., Geissorhiza callista Goldblatt, G. longifolio (G. I. Lewis} Goldblatt, &. schinzii (Bakerj Goldblatt, &. stenosi-
phon Goldblatt, €. tenefla Goldblatt, Gladiolus leptasiphon F. Bolus, G. variegatus {G. ]. Lewis) Goldblatt & J. C.
Manning, fxia fucate Ker Gawl, [ splendida G. Lewis, Lapeirousie meacrospatha Bak., L. simulans Goldblatt & .
C. Manning, L. verecunda Goldblatt, Nivenig argenteq Goldblatt, Romulea albiflora Goldblatt & J. €. Manning,
Therelanthus elongatus (Schltr) G. J. Lewis, Tritonia bokeri Klatt, T coaperi (Baker) Klatt, T {anceq (Thunh.) N. E.
Br, T tugwellice L. Bolus, Watsonio dubia Klatt, B strictiffore Ker Gawl. Orchidaceae: Dise karsoica Johnson &
Linder, D). fongicornu LI, D. marlothii Bolus, D. porrecta Sw., D. salteri G. ]. Lewis.]

Proseeca ganglbaueri—Pr. rabusta pollination system

Amaryllidaceas
Brunsvigia
grandiflore Lindl. z p + Pr. gonglheaurii 3142 =10 12
gregaria B. A. Dyer z p + Pr. ganglbaurii 31-42 =10 12

striata (Jaecq.) Aiton z p + Pr. ganglhaurii 34-36 =10 12
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Table 2. Continued.

Flower
Sym- Mouth Flaral
Species metey Colar  Scent Pollinatar part mm  tube mm  Reference
Nerine
cf. angustifolia (Baker) Watson 2z p - Pr. robusta ca. 33 =5 12
howdenii 5. Watson z p - Pr. ganglhaueri 27-30 ca. 5 12
Geraniaceae
Pelargonium
carneum Jacq. 2z p - Pr. ganglbaueri 34-36 55-60 12
Pr. longipennis 38-440 55-60 a
dipetalum LHer. z  efp  — Pr. longipennis 3840 ca. 60 a
gracillimum. Foure. T p - Pr ganglhaurii 34-36 50-60 12
pinnatum {L.) UHer z otfp — Pr. longipennis 3540 5(-60 2
Iridaceae
Gladiolus
bilineatus G. Lewis 2z p - Pr. langipennis 3840 50-60 a
calcaratus G. J. Lewis z W - Pr. robusta 20-23 2840 3
engysiphan G. Lewis z er - Pr. longipennis 3840 532-60 3
macneilii Oberm. 2 p = St. wiedmannii 2329 4045 3
microcarpus G. J. Lewis z p - Pr. ganglbaueri 27-30 3540 3
martonius Herbert 2z p - Pr. ganglbauert 3142 36-52 3
appasitiflorus . B, Hook. R - Pr. ganglbaueri 28-32 40-50 12
variug F. Bolus 2 p - Pr. ganglbaueri 33-35 45-35 3
and Pr. robusta 20-30 45-55 12
Hesperantha
brevicaulis {Baker) G. J. Lewis a p - St. wiedmonnil 12-30 25-37 12
grandiflora G. ]. Lewis z p - Pr. ganglbaueri 23-25 33-36 12
scapulasa Hilliard a p - Pr. ganglbaueri 32-35 3240 12
of. woadii B. C. Foster a p - Pr. ganglbaueri 27-31 a5-3g 12
Nivenia
stenasiphon Goldblar: a b - Pr. ganglbaueri 23-25 32-38 10
Tritoniopsis
revoluta (Burm L) Goldblatt z p - Pr. ganglbaueri 23-25 ca. 40 12
Watsonia
wifmsii N. E. Br. z p - Pr. ganglbauert 33-35 4045 12
and Pr. robusta 3645 4045 12
Lamiaceae
Orthosiphon
tubiformis R. Good 2z p - St wiedmanni 23-29 28335 12
Plectranthus
ambiguns (Bal) Codd 2 b - St sp. 20-33 22-29 11
ecklonii Benth. z ma - St wiedmannii 16-21 24-26 11, 12
hilliardil Codd z b - St sp. 21-29 22-29 11
Orchidaceae
Disa
areaphile Bolus z p - Pr. ganglbaueri 19.6/2.3) 206(11) 5
amoeng Linder 2 p - Pr. ganglbayers 33-3a 25-30 12
and Pr. robusta 20-30 25-30 12
Brownieea
coerutea Hary. ex Lindl. z om - St. wiedmannii ca. 23 20-24 12
macroceras Sond. Z p - Pr. panglbaueri 19.6(2.3) 38.964) 5
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Table 2. Continued.

Flawer
Sym- Mouth Floral
Species metry Color  Scent Pollinator part mm  tube mm Reference
Scrophulariaceae
Zaluzianskye
microsiphon, {Kuntze) K. Schum. 2w - Pr. gonglbaueri 33-35 3042 12

[Inferved members of the guild—Acanthaceae: Ecbolium glabratum Vollesen, fsoglosse cooperi C. B. CL,, Rhinacan-
thus gracilis Klotzsch, Salpinctium natalense (C. B. Cl} T. J. Edwards, Siphonaglossa linifolia (Lindau) C. B. ClL.
Amaryllidaceas: Brunsvigia spp., Cyrienthus leptosiphon Snij., €. sp. nov., Merine filamentose W. F. Barker, M.
krigei W. F. Barker. Caryophyllaceae: Dianthus basuticus Burtt Davy. Ericaceae: Erica cerinthaides L. {pink form).
Geraniaceae: Pelargonium acraeum B. A. Dyer, P. caucalifolivm Jacq. subsp. coucalifolivm, P ionidiflorum (Eckl.
& Zeyh.) Steud., P transvaclense Knuth. Iridaceae: Geissorhuza fourcadei {L. Bolus) G. Lewis, Gladiolus cataractar-
um Oberm., G. saxatilis Goldblatt & J. C. Manning, G. scabridus Goldblatt & J. C. Manning, Hesperantha coccinea
{Backh. & Harv.) Goldblatt & J. C. Manning, . curoula Hilliard & Burtt, H. hutchingsii Hilliard & Burtt, A
huttonii (Baker) Hilliard & Burtt, H. pulchre Baker, NMisenia concinng N.E. Br., N. stokoei L. Guthrie, Radinosi-
phan leptostachya (Baker) N. E. Br., Tritoniopsis flexuosa (Thunb ) G. Lewis, Watsonie occudta N. E. Br. Lamiaceae:
Syneolostemon densiflorus Benth., 8. macranthus (Garke) Ashby, S. rotundifolius E. Mey., Thorneroftia longiflora N.
E. Be, T madia Codd, T succulenta {Dyer & Bruce) L. E. Codd. Orchidaceae: Dise rhodantha Schltr, D. saxicole
Schltr., Satyrium haflackii Bolus. NOTE—Hesperantha pubingruia Hilliard & Burtt may helong here, but although
it does have an elongate perianth tube, the tube itself is extremely narrow, accammedating anly the style, and it
daoes not produce nectar.

Anecdotal observations of long-probaseid flies visiting flowers but no claims for pollination or evidence of pollen
transfer to stigmas.

Ericaceae. Erica junania Balus (?Ph. restrata—E. G. H. Qliver, pers. comm.).

Serophulaniaceae. Jamesbrittenia fruticosa (Benth. Hilliard (Pr. peringueyi—Musenm record); Zaluzianskya microsi-
phon (Pr. peringueyi—Museum record).

Geraniaceae. Pelargonium alchemillnides {L.) EHer. (Ph. rostrato—Vogel, 1954); E denticulatum (unidentified fly—
McDonald in Struck, 1997); P suburbanuwm (M. longirostris—Johnson & Steiner, 1997); P tetragonum (unidentified

fly—wvan Jaarsveld in Struck, 1997).

same site on the insect’s body would frequently re-
sult in insect visits failing to accomplish pollination
as a result of stigma clogging hy foreign pollen.

In the Prosoeca peringueyi pollination guild pol-
len deposition on the ventral head or thorax is ef-
fected by Pelargonium species, on the frons or dor-
sal thorax by Lapeirousia species (normally one or
two species of a genus is present at any site), and
on the darsal tharax by Babiana species (also nar-
mally anly one species present at any site) (Man-
ning & Goldblatt, 1996). Pollen of Hesperantha lo-
tifolia, occasionally part of the guild using P
peringueyt as pollinator, is deposited on the lateral
and upper ventral thorax. In P incrassatm and P
sericifolium, which are sympatric at some sites in
Namacualand and are both pollinated by P perin-
gueyi, pollen contamination is avoided by place-
ment of their respective pallen on the ventral head
or ventral thorax of P peringueyi, the result of
shorter or longer filaments in these two species.

This pattern is repeated in the Moegistorhynchics
bongirostris—Philoliche pollination guild (Marning
& Goldhblatt, 1997). Pallen deposition on the distal

ventral thorax is effected by Pelargonium spp. (ei-
ther P praemorsum or P longicaule} or Geissorhiza
spp. (either & confusa or G. exscapa) and on the
proximal ventral thorax or lower head by P tabu-
{are. Deposition on the frons is effected by Lapei-
rousia anceps, the dorsal head or thorax by Tritonia
crispa. at some sites, and by Gladialus undulatus,
G. angustus, or L. fabricii at others. fvia paniculata
is unusual in having short stamens held within the
mouth. of the tube, and its pollen is deposited an
the frons around the base of the proboscis. Species
of Orchidaceae that have stalked pollinaria are
probably not directly involved in competition for
pollen deposition, but the number of species of Or-
chidaceae at any site is usually limited to one.
Pallen deposition in the Prosoeca ganglbaueri
guild follows this general pattern. For example, an-
thers of Brunsvigia, Nerine, and Pelargenium spp.
brush different parts of the ventral head, thorax, or
abdomen, depending on stamen length, while pol-
len of Gladiolus and Watsonia species is deposited
on the dorsal thorax. Orchid pollinaria are placed
near the base of the proboscis. Pollen placement
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by Hesperantha species, which mostly have sym-
metrically disposed, divergent anthers, is less well
defined but is always on the lateral or ventral parts
of a fly’s bady. Pollen of the important long-prohos-
cid fly plant, Zeluzianskya microsiphon, is depos-
ited on the ventral head as the anthers are held at
the abaxial side of the mouth of the floral tube.

EvVOLUTION OF THE SYSTEM

Assaciated with butterfly pollination by Vagel
(1954} in his keystone work on pollination systems
in the flora of southern Africa, long-proboscid fly
pollination appears to have no direct connection
with that strategy. Butterfly and long-proboseid fly
pollination have some similarities, notably includ-
ing plant species with odorless, long-tubed flowers.
The twa systems are, however, independent of one
another, and no species of either group of insects
share the flowers of any plant species. Moreover,
butterfly pollination in southern Africa (excluding
the highly specialized Aeropetes butterfly system—
Johnson & Bond, 1994) is frequently a part of gen-
eralist systems that use other insects, including
bees, hopliine scarab heetles, and settling maths
{Goldblait et al., 1995). In the Iridaceae, phyloge-
netie studies in Gladiolus, Lapeirousia, and Sper-
axis show that long-proboescid fly flowers are nearly
always most closely related to ancestors pollinated
by long-tongued bees (Apidae) (Galdblatt et al.,
19953, in prep.; Goldblatt & Manning, 1999). Spe-
cies of Gladiofus pollinated by lang-proboscid flies
fall in taxonomic sections where long-proboscid bee
pollination is ancestral and in which butterfly pol-
lination may not occur. In the only section of Glad-
iofus in which butterfly pollination (by the special-
ist pollinator, Aeropetes) is significant, section
Blandus, butterfly flowers most likely evalved from
long-proboscid-fiy-pollinated. ancestors {Goldblait
& Manning, 1998). Pollination by the Aeropetes but-
terfly does not occur in Bahiana or Lapeirousia,
genera in which long-proboscid fly pollination is
especially commaon, nor in Ixze or Sparaxis, or Tri-
tonia.

In most families in which long-proboscid fly pol-
lination occurs, a shift from bee to long-proboscid
fly pollination appears to be relatively straightfor-
ward, involving shifts in perianth color and marking
pattern, elongation of the floral tube, and loss of
floral odor if present in the ancestor. For example,
in most Iridaceae, long-proboscid bee flowers ate
zygomorphic and have a funnel-shaped perianth
tube of moderate length, with the upper flared por-
tion about as lang as the eylindric basal half. Uni-
lateral arcuate stamens are held ahove the mouth

of the perianth tube where they readily brush
against the body of a large bee as it forces its upper
body into the upper part of the floral tube while
extending its proboscis into the lower part of the
tube. The perianth may be almost any color, but is
not often red or cream, and the flowers are fre-
quently scented (Goldblatt et al., 1998a). Long-pro-
boseid fly flowers of the Moegistarhynchus—Philol-
iche and the Prosoeca ganglbaueri pollination
systems merely require a shift in flower coloring
toward the pale pink to cream end of the color
gpectrum, the acquisition of darker, linear nectar
guides, and an elongation of the narrow part of the
floral tube to exclude nectar feeders with mouth
parts less than 15 mm long. Nectar quality, espe-
cially sugar constituents, is much the same as is
found in long-proboscid bee flowers, but nectar vol-
ume is typically much greater and sometimes more
dilute. For example, flowers of bee-pollinated spe-
cies of Gladiolus have nectar volumes between (1.5
and 4 pl compared with 1.8 to over 10 ] in long-
proboscid fly pollinated species (Goldblatt et al.,
1998a; Goldblatt & Manning, 1999).

It is noteworthy that fly diversity is higher in the
geographically much smaller winter-rainfall zone.
Three fly species range over all of eastern southern
Africa, whereas there are 10 fly species in the two
long-proboscid fly guilds in the winter-rainfall zane.
Some of these flies are relatively widespread, but
Moegistorhynchus sp. nov. and Prosoeca sp. nov., P
rubicunda, and P. nitidula have very narrow ranges
and moreover, except far P sp. nov., they appear to
be rare, at least as far as one can judge from the
few specimens known.

TERMINGLOGY

There is unavoidable confusion when comparing
long-proboscid fly and long-proboscid (or long-
tongued} bee pollination. Long-proboseid fly polli-
nation, according to our definition, includes flies
with probosces in excess of 15 mm and usually
much more, Few long-proboscid bees have probos-
ces longer than 12 mm. Moreover, acrocerids, ta-
banids, and nemestrinids with probosces 10-15
mm long are frequently referred to as lang-probos-
eid flies to contrast them with short-tongue flies that
lap fluid. Rebelo et al. {1985) coined the term rhi-
nomyophily, which is useful but not favored by
many biologists who prefer mare direct terms (e.g.,
bird pollination vs. ornithophily, etc.). Struck
(1997} favored the term hoverfly pollination, but
that has the disadvantage of misrepresenting the
typical behavior of the flies, which grasp floral or-
gans whenever possible while foraging although
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they do hover while inserting the proboscis into 2
floral tube. We have no solution to offer and suggest
long-proboscid fly pollination for the syndrome in-
volving flies with probosces usually exceeding 15
inm, and shart-proboscid flv pollination for the syn-
drome involving flies with true sucking mouth parts
usually less than 15 mm long. Flies with lapping
mouth parts would be excluded from this definition.
The confusion between long-proboscid fly and long-
proboscid bee syndromes as regards length of
mouth parts seems unavoidable.

NECTAR CONSIDERATIONS

Although most data available for flowers polli-
nated by Diptera suggest that flies favor nectar with
hexose sugars predominant (Baker & Baker, 1983,
1990), these authors did not distinguish between
flies with shart, lapping mouth parts and those with
long, sucking mouth parts. Recent studies, howev-
er, show that nectar of plants with flowers adapted
for pollination by long-proboscid flies is often su-
crose-tich to sucrose-dominant (Goldblatt & Bern-
hardt, 1990; Goldblatt et al., 1995; Manning &
Goldblatt, 1996, 1997; Goldblatt & Manning,
1999). The hroader survey here in general confirms
this observation, but the data indicate that this may
simply be the result of the taxa involved. Most Ir-
idaceae belonging to subfamily Ixioideae {(which in-
cludes most species pollinated by long-proboscid
flies) have sucrose-rich nectar as do all species of
the family with flowers adapted for pollination by
bees. Significantly, nectar of Aristea spiralis, the
only species of Iridaceae with long-proboscid fly
flowers and not a member of Ixioideae, has hexose-
rich nectar. It also produces nectar from perigonal
nectaries (Goldblatt & Manning, 1996), unlike spe-
cies of Ixioideae, which have septal nectaries
{Goldblatt, 1990, 1991). Flowers of some other fam-
ilies with long-proboscid fly flowers (e.g., Lami-
aceae, Orchidaceae) also have sucrose-rich nectar.
However, Geranlaceae does not follow this pattern:
species of Pelargonium that have heen examined
(Manning & Goldblatt, 1996, 1997) have, with the
exception of B cortusifolium, hexose-rich to hexase-
dominant nectar, Among long-proboscid fly flowers
then, nectar sugar chemistry may simply be a re-
flection of systematic affiliation or nectary type, and
not the result of selection by long-probascid flies

for a preferred type of nectar. This reflects the con-
clusions of van Wyk (1993} and van Wyk et al.
(1993} that the nectar sugar characteristics of flow-
ers are highly conserved and that nectar sugar pat-
terns often reflect taxonomic affinities rather than
pollination systems.

Nectar concentration is relatively constant, al-
though it seldom rises above 32% sucrose equiva-
lents and seldom dips below 20%. The two species
of Hesperantha in the Prosoeca gangibaurii guild
are exceptional in having nectar concentrations be-
low 20%. Concentrations above 32% may make the
nectar too viscous to be easily sucked into the pro-
boscis.

A Co-EvoLvED SvSTEM

As suggested by Feinsinger (1983) for sphinx
moths, it seems that long-proboscid flies and their
flowers have probably evolved through reciprocal
selection. Frequent visits from long-proboscid flies
select for long-tubed flowers, which in tum select
for longer-proboscid flies capable of reaching the
nectar within the tubes. This pattern fits the Red
Queen effect (van Valen, 1973; Futuyma, 1979}, in
which species may coevolve indefinitely, some be-
caming extinct in the process, or else arrive at a
static, nonevolving equilibrium. Evolution within
this system may not, however, he all that simple.
Population densities of long-proboscid flies appear
to be highly erratic (Goldblatt et al., 1995; Gold-
blatt & Manning, 1999}, a situation comparable to
that for sphiny moths, as noted by Gregory (1963—
1964}. But whereas shorter-proboscid moths visit
these flowers, taking advantage of nectar welling up
in the tubes, there do not seem to be alternative
shorter-proboscid insects available for most long-
proboscid fly flowers to use this resource when their
primary pollinators are not available. Instead, those
long-proboscid fly flowers that are self-incompatible
simply fail to repraduce or reproduce poorly in cer-
tain seasons at certain sites {Goldblatt & Manning,
1999}

Fail-safe mechanisms for self-pollination appear
to be quite common among species pallinated by
long-prohoscid flies. We know now that of the ten
species of Lapeirausia with flowers adapted for pol-
lination by long-probascid flies, four at least are
self-compatible and autogamous and two are self-

—

Figure 4. Hepresentative examples of flower farm in species pollinated by the lang-proboscid flies of the Prosaece
peringueyi pollination guild. —A. Romulea hantamensis. —B. Lapeirousia oreogena. —C. Hesperantha oligantha. —
D. Pelorgonium ericifolium. ~E. P. magenteum. —F. P, crassicaule. —G. Lapeirousia pyramidalis. —H. L. dolomitica.
—. L sioloeea. —J. L silenoides. —K. Sparaxis metelerkampioe. —L. Tritonio marlothit.
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Figure 5. Representative examples of flower form in species pollinated by the long-proboscid flies Moegistarfynchis
longirasiris and Philoliche gulose. —A. Ixia paniculate. —B. Geissorhizo exscopa. —C. Pelargonium longicoule. —D
P appendiculatum. —E. ! moniliforme. —F. Babiana tubulose. —G. Lapeirousia anceps.
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Figure 8.
of a fly in a guild of plant species pollinated by Moegis-
torhynchus longirostris. —A. Ieie paniculote (frons and
proboscis base). —B. Tritonia erispa (dorsal tharax), —C.
Lapeiransia fabricii (dorsal thorax). —D. Pelargoninm ap-
pendiculgtum (ventral thorax). —E. Geaissarhiza exscapa
{ventral abdomen).

Differential pollen deposition on the body

incompatible (Goldblatt et al., 1995, and unpuh-
lished data). At least one species of Hesperantha
(H. latifolia) and the Ixia and Sparexis species
known to be pollinated by long-proboscid flies are
facultatively autogamous, whereas in Gladiofus self-
incompatibility appears to he frequent (Goldblatt et
al., 1998a, in prep.). Some populations of Gladiolus
species with long-proboscid fly flowers have set no
capsules for three years for which we have obser-
vations when their pollinators were absent. Al-

though in Pelargonium self-compatibility appears
ta be the rule (Struck, 1997}, autogamy cannot nor-
mally take place because of mechanical protandry.
There is therefore no barrier to geitonogamaus pol-
lination in this genus in which inflorescences pro-
duce numerous flowers contemporaneously but pol-
lination must be mediated by an external agent.
Proboscis length is typically shorter than the flo-
ral tube, a feature that long-proboscid fly pollina-
tion shares with sphinx moth pollination. This en-
sures that a visiting insect must push its body into
flowers so that its proboscis will extend as deeply
as possible into the tube and reach the nectar res-
ervoir. Orchid genera are one notable exception. In
deceptive flowers of Disa amoena and the Disa dra-
conis complex (Johnson & Steiner, 1997}, spur
lengths may be shorter than the prohascis length
and pollinaria are attached to the upper third of the
proboscis. Other exceptions are Aristea spiralis and
species of Brunsvigia and Nerine that are pollinated
by long-prohoscid Ries; in these taxa floral tubes
are less than 10 mm long. These flies, however,
have Dodies large enough and prohosces long
enough that they will consistently hrush against an-
thers and accumulate depasits of pollen on their
ventral thoraces and abdomens. Nectar produced
by such short-tubed flowers is obviously accessible
to a range of other insects, and we have observed
effective pollination by bees in Aristea spiralis. We
have not recorded visits to any ather of these shart-
tubed species by insects other than long-proboscid
flies. The considerable distance of the anthers from
the mouth of the tube also makes it unlikely that
even large hees would normally contact anthers
when foraging for nectar in such flawers because
their bodies are so much shorter than the filaments.

Long-ProBosciD FLY POLLINATION IN THE
HiMALAYAS

Attention was first drawn to long-proboscid Ay
pollination in Asia by Fletcher and Son (1931), who
briefly described visits to {and inferring pollination
of} Roscoea purpurea (Zingiberaceae) by the tabanid
fly Chorizoneura langirostris (praboscis 50-60 mm
long). Subsequently, Dierl (1968} described in de-
tail the behavior of this fly in the course of its visits
to flowers {presumably foraging for nectar} on Ros-
coea. The Himalayan region is floristically rich and
includes several plant species with long-tubed flow-
ers that may also be pollinated by this fly, e.g.,
other species of Roscaea and Rhodadendron spp.
(Ericaceae). This pollination guild awaits more ex-
tensive investigation. Involving different fly genera
and plant species, the Himalayan system presum-



Volume 87, Number 2
2000

Goldblatt & Manning
Long-Proboscid Fly Pollination

169

ably evolved independently of the long-praboascid
fly guilds of southern Africa.

Taxanamic DisTriBuTiON oF Long-PRoOBOSCID
FLY POLLINATION

According to our survey, at least 83 species have
been shown to be pallinated solely by long-probos-
cid flies. Based on their nearly identical floral pre-
sentation, it seems reasonable to infer that at least
90 more species also have this pollination strategy.
Even if this figure is grossly underestimated, there
seems no doubt that long-proboscid fly pollination
is of relatively minor importance in the flora of
southern Africa, which comprises aver 20,5300 spe-
cies of flowering plants {Goldblatt, 1997). Never-
theless, long-proboscid fly pollination assumes
more than marginal importance in at least two fam-
ilies in southem Africa, Geraniaceae and Iridaceae.
Precise figures are not available for Geraniaceae,
but Struck {1977} has estimated that 25% of the
southern African species of Pelargonium are pol-
linated by long-proboscid flies, although the exact
definition of the system that he entertained is not
clear. In Iridaceae we have more accurate figures.
Some 103 of the approximately 1023 species in
southern Africa appear to have this pollination sys-
tem exclusively and ane or two mare (e.g., Hesper-
antha coccinea—S3. D. Johnson, pers. comm.; Ar-
istea spiralis, Watsonia barbonica—Table 2) may
have a cambined lang-proboscid fly and other in-
sect pollination. Thus, about 10% of southern Af-
rican Iridaceae have adopted this pollination strat-
egy. This is substantially more than the estimated
64 species {6.3%) of the southern African Iridaceae
that are predicted on the basis of floral morphology
to be pollinated by sunbirds (Goldblatt et al.,
1999a).

Among the Iridaceae, long-prohoseid fly polli-
nation appears to be most well developed in Lap-
eirousia, in which 10 species, or 30% of the total
in temperate southern Africa, have flowers polli-
nated by long-proboscid flies. The system is alsa
well developed in Gladiolus {Goldblatt & Manning,
199%; Manning & Goldblatt, 1999), in which 27
species are considered to have flowers adapted for
this particular pollination strategy (17% of the
southern African species), and long-proboscid fly
pollination is inferred for hetween 10 and 20% of
the southern African species of five other large gen-
era, Bobigna, Geissorhiza, Hesperantha, Ivia, and
Tritonia.

Long-proboscid fly pollination assumes more
modest importance in Ericaceae (Rebelo et al.,
1985) and Orchidaceae, although prominent in

Brownleee and Disa, and we have yet to assess its
significance in Amaryllidaceae and Lamiaceae. The
strategy seems likely in Acanthaceae, but it has yet
to be confirmed in that family. In the remaining
families in which it accurs, lang-probascid fly pol-
lination is decidedly rare and is evidently confined
to just one or a few species. Curiously, evolution of
the system seems highly labile in several genera of
the Iridaceae and in Dise (Orchidaceae). In Disa
and Gladiolus it has evolved repeatedly in different
lineages (Johnson et al., 1998; Goldblatt & Man-
ning, 1999}, an estimated nine times in the latter
genus.

CONSERVATION

Long-proboscid fly pollination poses important
concerns for conservation. Plants pollinated by a
single insect, or no mare than two over their entire
tange, clearly are at more significant risk than those
that are pollinated by several different insects
{Bond, 1994). Long-proboscid flies may be regard-
ed as keystone species, for several plant species
depend on particular flies for their pollination and
sexual reproduction. Conservation of plants with
these specialist pollinators must involve conserva-
tion of their pollinators, an undertaking fraught with
unusual difficulties. Both Nemestrinidae and Ta-
banidae have complex life cyeles. Tabanidae have
carnivorous, aquatic larvae that require wetland
habitats for their larval development, which may
take place some distance from sites of the plant
species on which the adults feed. Female tabanids
also require a blood meal during their adult phase
before egg-laying can proceed. This makes the
presence of suitable host mammals essential. Ne-
mestrinidae have an equally complex life history.
Although no details of the life cyeles of long-pro-
boscid flies are known, all members of the Nemes-
trinidae so far studied have parasitic larvae, often
on locusts. Obviously, large, relatively undisturbed
sites with a diversity of habitats are necessary for
the completion of the life cycles of nemestrinids
and tabanids.
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