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EXPLOITATION OF A SPECIALIZED MUTUALISM BY A

DECEPTIVE ORCHID1
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Plants that lack floral rewards may nevertheless attract pollinators through mimetic resemblance to the flowers of co-occurring
rewarding plants. We show how a deceptive orchid (Disa nivea) successfully exploits a reciprocally specialized mutualism between a
nectar-producing plant (Zaluzianskya microsiphon) and its long-proboscid fly pollinator (Prosoeca ganglbaueri). Disa nivea is a rare
southern African orchid known only from habitats that support large populations of Z. microsiphon, which it closely resembles in both
general morphology and floral spectral reflectance. Significant covariation in floral traits of Z. microsiphon and D. nivea was detected
among populations. Where mimics are uncommon, flies do not appear to discriminate between the flowers of the two species. Pollination
success in D. nivea was much higher at a site with abundant Z. microsiphon plants than at a site where Z. microsiphon was rare.
Exploitation of a highly specialized mutualism appears to demand a high degree of phenotypic resemblance to a rewarding model by
a deceptive mimic, as exemplified by D. nivea. The majority of deceptive orchids, on the other hand, exploit relatively generalized
pollination systems and thus require only a vague resemblance to rewarding plants in the community in order to attract pollinators.

Key words: advergent evolution; Batesian mimicry; convergent evolution; deceptive; exploitation; long-tongued fly; mutualism;
orchid; specialization.

Although exploitation of mutualisms is widespread (e.g.,
Springer and Smith-Vaniz, 1972; Janzen, 1975; Anderson and
Midgley, 2002), we have only a sketchy understanding of the
ecology and evolution of such interactions (Bronstein, 2001).
Conventional mutualism theory predicts that exploiters may
have dire consequences for the evolution and persistence of
obligate partnerships and could drive mutualisms to collapse
(see Boucher et al., 1982; Howe, 1984; Soberon and Martinez
del Rio, 1995). However, new conceptual and theoretical mod-
els (Bronstein, 2001; Yu, 2001; Yu et al., 2001; Morris et al.,
2003) suggest that mutualists and exploiters can coexist. This
indeed seems to be the case, as some of the most obligate
specialized mutualisms coexist with exploiters and have prob-
ably done so for millenia (e.g., Pellmyr et al., 1996; West et
al., 1996; Anderson and Midgley, 2002).

Batesian mimicry in plants can be considered a type of mu-
tualism exploitation (Bronstein, 2001). The strategy of a
Batesian mimic is to procure pollinators of other reward-pro-
ducing plants without actually supplying any rewards of their
own (see Fig. 1). The potentially negative effects apply to both
the pollinators and the model(s) in the following ways (see
Fig. 1): first, pollinators stand to lose fitness by wasting time
and energy by visiting nectarless flowers; second, models may
lose fitness when growing amongst mimics because pollinators
may move away from areas where they have experienced nec-
tarless flowers or develop preferences for other phenotypes
associated with higher levels of rewards.

Biologists have recognized the existence of floral mimicry
for over a century (see Wiens, 1978; Little, 1983; Dafni,
1986), but the number of cases that have been formally in-
vestigated remains few relative to protective mimicry in ani-
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mals. It is only recently that biologists have begun to use both
experimental and phylogenetic evidence to identify floral mim-
ics (Dafni and Ivri, 1981; Nilsson, 1983; Johnson, 1994, 2000;
Johnson et al., 2003a). What has seldom been considered is
whether specialization in the exploited mutualism has an in-
fluence on the evolution of a mimic. Bronstein (2001) pre-
dicted that specialized mutualisms should most commonly be
exploited by highly specialized exploiters, and we believe that
this generality should also hold for floral Batesian mimicry.
Conversely, deceptive species that exploit generalized polli-
nation systems should possess a more generalized set of floral
traits (cf. Nilsson, 1983; Gumbert and Kunze, 2001).

Relationships between plants and their pollinators are sel-
dom reciprocally specialized, with most characterized by high
levels of generalization on the part of pollinators and moderate
generalization on the part of plants (Waser et al., 1996; John-
son and Steiner, 2000). The basis for this generalization and
asymmetry is simply the need for pollinators to retain flexi-
bility in their foraging, given that floral rewards from a given
plant species are uncertain in both space and time (Waser et
al., 1996). Even plants seldom show specialization for a par-
ticular pollinator, as the risks of such specialization would nor-
mally outweigh the benefits (Aigner, 2001).

In this study, we focus on the exploitation of an unusually
specialized mutualism between Zaluzianskya microsiphon
(Kuntze) K. Schum. (Scrophulariaceae) and the long-probos-
cid fly Prosoeca ganglbaueri (Nemestrinidae). Prosoeca gan-
glbaueri appears to be the exclusive pollinator of this species
in the Drakensberg region (Johnson et al., 2002; Figs. 2, 3).
Furthermore, flowers of Z. microsiphon in the Drakensberg
region appear to be the most important sources of nectar for
P. ganglbaueri during a large proportion of its flight season.
This is despite the fact that the fly has been recorded as a
visitor to many different plant species across its range in South
Africa (Goldblatt and Manning, 2000).

While documenting the interaction between these two spe-
cies, we came across several sites where plants of Z. micro-
siphon were intermingled with plants of Disa nivea H.P. Lin-
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Fig. 1. Hypothesized reciprocal effects on fitness among species in a
Batesian mimicry system.

der (Fig. 4), a rare, nectarless orchid about which nothing was
known of its reproductive biology. Given that inflorescences
of this orchid bear a resemblance to those of Z. microsiphon
(Figs. 2–5), we surmised that D. nivea may be a floral mimic
that depends on P. ganglbaueri for its pollination (Figs. 4, 6).

In order to test the hypothesis that the orchid D. nivea is
adapted to exploit the relationship between Z. microsiphon and
the fly P. ganglbaueri, we sought answers to the following
questions: (1) Does D. nivea depend on the long-proboscid fly
P. ganglbaueri for its pollination? (2) Does D. nivea occur in
association with Z. microsiphon? (3) Does D. nivea show sim-
ilar floral dimensions and spectral reflectance to Z. microsi-
phon? (4) Is variation in floral morphology among populations
of Z. microsiphon matched by variation in the floral morphol-
ogy of D. nivea? (5) Is the pollination success of D. nivea
higher at sites where Z. microsiphon is common than at sites
where it is rare?

MATERIALS AND METHODS

Study species—Zaluzianskya microsiphon (Scrophulariaceae), the putative
model in this system, is a nectar-producing species that is adapted for polli-
nation by long-proboscid flies (Johnson et al., 2002). Pollen of Z. microsiphon
is deposited on the base of the flies’ proboscis and on the hairs on the ventral
parts of their heads (fig. 2 in Johnson et al., 2002). Johnson et al. (2002)
showed that Z. microsiphon is self-incompatible and thus reliant on pollinator
visits for seed set. The species occurs widely in the Drakensberg region (Fig.
7). In this region it has been observed flowering between January and March
(B. Anderson and S. D. Johnson, personal observations; herbarium material
in NU).

Disa nivea is a nonrewarding orchid that is endemic to the Drakensberg
region having been recorded from just five sites (Fig. 7). This orchid flowers
between January and March and bears a strong overall resemblance to Z.
microsiphon (Fig. 4). Prior to this study, its pollinator was unknown. Breeding
system data indicates that this species is partially self-compatible, but fully
dependent on pollinators for seed set (J. Jersakova and S. D. Johnson, Uni-
versity of KwaZulu-Natal, unpublished data).

Prosoeca ganglbaueri (Nemestrinidae) is widespread throughout the Drak-
ensberg region, where it has a flight period from January to March. Apart

from Z. microsiphon, this fly is known to pollinate at least seven species in
the Drakensberg region, and these form a guild characterized by cream or
pink flowers with dilute nectar and often long corolla tubes (Johnson and
Steiner, 1995; Goldblatt and Manning, 2000). The length of the proboscis of
this fly varies from 19 to 42 mm between populations (Goldblatt and Man-
ning, 2000; B. Anderson and S. D. Johnson, unpublished data).

Study sites—The study was carried out between January and February
2002–2005 at all five sites where D. nivea is known to occur, namely Sani
Pass, Bushmansnek, Ramatseliso’s Gate, Qachasnek, and Matatiele in the
Drakensberg region of southern Africa (Fig. 7). Zaluzianskya microsiphon
was recorded from all of these sites. We recorded the approximate number of
flowering individuals of Z. microsiphon and D. nivea within 100 3 100 m
plots at each site. At all of the study sites, Z. microsiphon represented the
only numerous rewarding plant belonging to the P. ganglbaueri guild (Gold-
blatt and Manning, 2000). Approximately 30 flowering plants of Brunsvigia
grandiflora Lindl. (Amaryllidaceae) were found 750 m from the Matatiele
study site. Approximately 40 flowering plants of Hesperantha grandiflora G.J.
Lewis (Iridaceae) were found 50 m from the Bushmansnek study site, and at
Qachasnek, ca. 50 individuals of Gladiolus oppositiflorus Herb. were found
intermingled with small patches of Z. microsiphon (Iridaceae). All of these
species are also pollinated exclusively by P. ganglbaueri but bear pink flowers
and are very different in appearance to Z. microsiphon and D. nivea.

Pollinator observations—Approximately 86 h of observations were carried
out at the five sites over a period of 26 d to determine the pollinators of Z.
microsiphon and D. nivea. Insects visiting the flowers and those seen near the
Z. microsiphon and D. nivea populations were captured and examined for D.
nivea pollinaria. Disa nivea pollinaria are easy to recognize because of their
characteristic placement position on the proboscis and large size. In addition,
no other large Disa species were flowering in close proximity. To obtain a
measure of the diversity of other species whose flowers are visited by P.
ganglbaueri, non-orchid pollen was removed from all of the flies captured at
the study sites by rubbing their bodies with a small block of fuchsin gel,
which was subsequently mounted on a slide for examination under a com-
pound microscope (Beattie, 1971). Pollen was identified using a reference
collection made from pressed plants collected at the study sites. We stopped
counting pollen grains when more than 1000 of any one plant species were
encountered. Data on pollen loads were also obtained from flies captured by
us at Witsieshoek, Royal Natal, and Sentinel (Fig. 7) and museum specimens
collected from Giant’s Castle, Garden Castle, and Ngeli (Fig. 7). Many of
these specimens were captured while sunning themselves on rocks, therefore
reducing bias towards a certain host plant.

Floral traits—To estimate the degree of morphological similarity between
the two plant species, we measured inflorescence height, flower width, and
flower depth of both Z. microsiphon and D. nivea at each site. Measurements
were made in the field from one flower on each of 20 plants per species,
except in the case of the Sani Pass site, where three pressed plants of each
species were measured. No data for inflorescence height and flower width of
either species were obtained for the Matatiele site. We used univariate re-
gression to determine whether mean inflorescence and flower dimensions for
D. nivea covary with those of Z. microsiphon across the study sites.

To obtain an objective estimate of similarity in flower color in Z. micro-
siphon and D. nivea, spectral reflectance over the UV-visible range (300–700
nm) was determined for five flowers of each species using an Ocean Optics
(Dunedin, Florida, USA) S2000 spectrometer and Ocean Optics DT-mini deu-
terium tungsten halogen light source (200–1100 nm). Readings were taken
through a fibre-optic reflection probe (UV/VIS 400 micron) held at 458 and
about 5 mm from the surface of the petal.

Pollinator morphology—To establish whether there is covariation between
flower and pollinator dimensions, we measured the length of the proboscis of
flies captured at each of the study sites. The proboscis of P. ganglbaueri can
be telescoped in and out by a combination of musculature action and hae-
molymphal pressure in a manner similar to that of bee-flies (Grimaldi, 1988;
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Figs. 2–6. Flowers pollinated by the long-proboscid fly Prosoeca ganglbaueri in the Drakensberg region of South Africa. 1. Nectar-producing flowers of
Zaluzianskya microsiphon visited by P. ganglbaueri. Scale 5 10 mm. 2. Flower of Z. microsiphon. Scale 5 20 mm. 3. Inflorescences of Z. microsiphon (left)
and Disa nivea (right). Scale 5 25 mm. 4. Flower of D. nivea. Scale 5 13 mm. 5. Long-proboscid fly P. ganglbaueri posed next to a flower of D. nivea. The
fly is carrying two pollinaria of D. nivea at the base of its proboscis. Scale 5 8 mm.

Gilbert and Jervis, 1998). The proboscis of nemestrinid flies consists of two
parts: a membranous, basal part that can extend and contract and a much
longer anterior section of fixed length. We measured only the anterior section
of the proboscis in order to standardize all measurements. Then, using 10
fresh flies with proboscis lengths varying between 21.7 and 42.4 mm, we
made a crude correction value to calculate the length of the fully extended
proboscis. On each of these flies, we measured the length of the fixed anterior
section and then manually stretched out the proboscis to ascertain the fully
extended length. The correction value obtained was 20.25 6 2.06%, which
is similar to the value of 28% reported for bee-flies by Grimaldi (1988). This
conversion factor was used to obtain a crude functional length of fly probos-
cides in this paper. Univariate regression was used to determine the relation-
ship between flower depth of the two plant species and the mean proboscis
length of P. ganglbaueri across the five study sites.

Pollination success—The pollination success of Z. microsiphon was esti-
mated from the proportion of flowers that set fruit and from the mean number
of seeds in fruits. A single flower capsule was haphazardly chosen from each
of 26 plants at Ramatseliso’s Gate and 23 plants at Qachasnek. Pollination
success for D. nivea was estimated more directly by examining a single hap-
hazardly selected flower on each of 59 plants at Ramatseliso’s Gate and 34

plants at Qachasnek and recording whether or not pollinaria had been removed
and whether or not there was pollen present on the stigma. This was done at
two sites: Ramatseliso’s Gate, where there were approximately 10 times as
many Z. microsiphon plants as there were orchids, and Qachasnek, where the
number of individuals of Z. microsiphon and D. nivea was approximately the
same. These two sites were chosen because they are matched in terms of
altitude and aspect, yet differed in the proportions of the two species.

RESULTS

Pollination observations—At four of the five study sites,
P. ganglbaueri was the only insect species observed to visit
flowers of Z. microsiphon, and all captured flies carried con-
spicuous pollen loads of Z. microsiphon on the ventral surface
of the head and proboscis (Fig. 2; Table 1). At Bushmansneck
we captured an additional, unidentified nemistrinid pollinating
Z. microsiphon.

Pollen from Z. microsiphon made up the overwhelming ma-
jority of pollen loads (Table 2) on flies at each of the 11 lo-
calities sampled (Table 2). Only a single fly at one of the sites
did not have Z. microsiphon pollen on its body. Only two other
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Fig. 7. Distributions of Disa nivea and Zaluzianskya microsiphon. Study
sites: S (Sani Pass), B (Bushmansnek), R (Ramatseliso’s Gate), Q (Qachas-
nek), and M (Matatiele).

TABLE 2. The percentage of individuals at each site carrying pollen
loads from three plants (Zaluzianskya microsiphon, Brusvigia gran-
diflora and Gladiolus oppositiflorus) within the P. ganglbaueri pol-
lination guild, where ‘‘other’’ represents unidentified pollen. Num-
bers in parentheses are median number of pollen grains counted.
*denotes museum specimens.

Site # flies Zaluzianskya Brunsvigia Gladiolus Other

Sani 10 100 (56) 0 (0) 0 (0) 90 (12)
Bush 4 100 (54) 0 (0) 0 (0) 50 (2)
Rama 20 100 (1000) 0 (0) 0 (0) 35 (0)
Qacha 7 100 (150) 0 (0) 86 (150) 0 (0)
Matat 3 100 (80) 67 (10) 0 (0) 30 (0)
Sent 8 88 (8) 0 (0) 0 (0) 75 (3)
Witsies 8 100 (245) 0 (0) 0 (0) 88 (9)
Garden* 1 100 (180) 0 (0) 0 (0) 100 (6)
Giants* 5 100 (75) 0 (0) 0 (0) 80 (12)
Ngeli* 1 100 (50) 0 (0) 0 (0) 100 (1)
Royal* 1 100 (320) 0 (0) 0 (0) 100 (15)

TABLE 1. Number of individuals of Zaluzianskya microsiphon and Disa nivea at each site, and the number of captured nemistrinid flies and their
loads of D. nivea pollinaria.

Site
Hours
(days)

Individuals/1000 m2

Zaluzianskya Disa
Foraging bouts on

Zaluzianskya
Foraging bouts

on Disa Flies captured
Flies with

pollinaria (%)
Pollinaria per

fly (6 SD)

Sani 4 (1) 400 500 1 0 10 30 1.3 6 0.58
Bush 19 (6) 300 30 23 2 24 3 2.0 6 1.73
Rama 48 (11) 800 90 123 61 19 53 1.9 6 0.74
Qacha 10 (3) 90 150 7 2 10 30 3.3 6 1.53
Matat 5 (1) 100 30 4 0 5 20 2.0 6 0.00
Sent 10 (2) 1000 0 20 0 8 0 0
Witsies 10 (2) 200 0 10 0 8 0 0

plants (B. grandiflora and G. oppostiflorus) made significant
contributions to the pollen loads, and this was only at a single
site in each case (Table 2). Most flies also carried a very small
number of unidentified pollen grains (Table 2).

Prosoeca ganglbaueri was the only insect species observed
to carry pollinaria of D. nivea. Direct observations of visits to
the flowers of this orchid were made at three sites, totalling
65 separate foraging bouts, all of which also included visits to
Z. microsiphon (Table 1). However, 12.5–53% of captured flies
from four of the study sites were found to carry pollinaria of
D. nivea. Between one and five pollinaria were attached to the
base of the flies’ proboscides at these sites (Table 1).

Floral traits—The mean widths of flowers of D. nivea and
Z. microsiphon were similar at each site and had a significant
positive relationship across four populations (Fig. 8). Inflores-
cence height, on the other hand, varied greatly within each site
for both Z. microsiphon and D. nivea, and there was consid-
erable overlap both within and between sites (Fig. 8). No sig-
nificant relationship was detected for mean inflorescence
height of the two species (Fig. 8). Mean flower depth for the
two plant species was similar at each site and showed a highly
significant relationship (Fig. 8). Flower depth varied signifi-
cantly among populations for both plant species (Z. microsi-
phon, F 5 552, P , 0.01; D. nivea, F 5 201, P , 0.01; Fig.
9).

Flower color was very similar to the human observer, ap-
pearing cream (Figs. 2–6), and the mean reflectance spectra
of the two species were also very similar, particularly in the
300–500-nm wavelengths (Fig. 10).

Pollinator morphology—The proboscis lengths of flies var-
ied significantly between sites (F 5 44.59, P , 0.00001; Fig.
9). The average functional proboscis lengths of the flies were
similar to or slightly shorter than the corolla tube of Z. micro-
siphon at all of the five sites (Fig. 9). At one site (Bushman-
snek), some individuals of P. ganglbaueri had much longer
proboscides than the flower corolla lengths while others were
closely matched, suggesting a bimodal distribution of probos-
cis lengths (both morphs were seen foraging on Z. microsi-
phon). The unidentified nemistrinid found pollinating Z. mi-
crosiphon at this site has a proboscis length closely matching
that of the short-tongued P. ganglbaueri. Average flower
depths of both plant species were significantly correlated with
the average functional proboscis length of the flies captured at
each site (Z. microsiphon, R2 5 0.83, P 5 0.033; D. nivea,
R2 5 0.71, P 5 0.049).

Pollination success—Measures of both seed set and fruit
set were almost equally high at both sites for Z. microsiphon
(Fig. 11). In contrast, male and female pollination success of
D. nivea was very much lower at Qachasnek than at the Ra-
matseliso’s gate site (Fig. 11). Zaluzianskya microsiphon
plants greatly outnumbered D. nivea plants at the Ramatseli-
so’s gate site (Table 1; Fig. 11).



1346 [Vol. 92AMERICAN JOURNAL OF BOTANY

Fig. 8. Relationships between the morphology of Zaluzianskya microsi-
phon and Disa nivea at sites in the Drakensberg region, South Africa. Bars
are standard errors. Regression analysis is based on mean trait values at each
site. Letters refer to site names, where S 5 Sani pass, B 5 Bushmansnek, Q
5 Qachasnek, R 5 Ramatseliso’s Gate, and M 5 Matatiele.

Fig. 9. Average (1 SD) corolla lengths for Zaluzianskya microsphon
(Zalu length), spur lengths for Disa nivea (Disa length), and functional pro-
boscis (Functional prob) length of fly pollinators. Letters refer to significant
differences (LSD test, P , 0.05) between sites for corolla, spur, and proboscis
lengths, respectively. Numbers at the base of each column refer to sample
size. The full names for the study sites are Sani Pass, Bushmansnek, Ramat-
seliso’s Gate, Qachasnek, Matatiele.

Fig. 10. Spectral reflectance of flowers of Zaluzianskya microsiphon (pu-
tative model) and Disa nivea (putative mimic).
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Fig. 11. Fruit set and seed set of Zaluzianskya microsiphon, pollen de-
position and pollinaria removal of Disa nivea, and relative densities of D.
nivea and Z. microsiphon at two sites. Bars indicate standard deviation.

DISCUSSION

Is Disa nivea a floral mimic?—Disa nivea satisfies many
of the criteria needed to characterize a floral Batesian mimic
(see Dafni and Ivri, 1981; Ackerman, 1986; Johnson, 1994).
It has a similar flowering phenology to Z. microsiphon and
occurs in close association with its model (and mostly at lower
densities). The plants also share a common pollinator, the
long-proboscid fly P. ganglbaueri. These pollinators were of-
ten captured with several pollinaria of D. nivea on the base of
their proboscides, indicating that they had visited the orchid
on more than one occasion. This is probably due to the very
similar spectral reflectance of flowers of the two plants and
also similarities between other morphological traits such as
inflorescence height and floral dimensions. Not only are the
widths of D. nivea and Z. microsiphon very similar, but they
were also found to covary across sites. Neither species has a
floral scent detectable to humans. Finally, our data also suggest
that when the mimic outnumbers the model, then the fitness

of the mimic is likely to decrease, although this is not conclu-
sive as it is based on comparison of just two populations.
Although differences in pollination success of the orchid be-
tween two of the sites may simply be due to difference in
pollinator abundance, vis-à-vis the magnet species effect
(Johnson et al., 2003b), flowers of Z. microsiphon were well
pollinated at both sites, as adjudged by high seed set in this
self-incompatible species. Our interpretation is that flies oc-
curred at both sites, but discriminated between D. nivea and
Z. microsiphon only at sites where the mimic was common
and frequently encountered.

How specialized is the exploited mutualism?—Although
not as specialized as yucca or fig mutualisms, the mutualism
between Z. microsiphon and P. ganglbaueri is unusually re-
ciprocally specialized for a pollination mutualism (Waser et
al., 1996). At the population level our results (and those of
Johnson et al., 2002) indicate that Z. microsiphon is pollinated
by a single fly pollinator species at most study sites in the
Drakensberg region. Furthermore, the species is self-incom-
patible and thus unable to set seed in the absence of insect
visits (Johnson et al., 2002).

Although P. ganglbaueri pollinates a large number of plants
across its range (Goldblatt and Manning, 2000), we found no
more than two rewarding guild members co-flowering at any
of the study sites. Of these plants, Z. microsiphon was by far
the most numerous, forming extensive populations of several
thousand plants. In contrast, the other plants of this guild were
comparatively rare and localized. These observations were
corroborated by the finding that Z. microsiphon pollen made
up the great majority of the pollen loads from flies at each
site. In comparison, large pollen loads from other flowers were
localized (e.g., G. oppositiflorus, one site) and loads from oth-
er flowers were insignificant. This suggests that at this time of
year, flies depend heavily on Z. microsiphon for their nectar
requirements and that Z. microsiphon is by far the most im-
portant food plant for P. ganglbaueri over much of its range
in the Drakensberg region. Thus, our results are similar to Fox
and Morrow (1981) who found that herbivorous insects may
function as generalists over their entire range, but may be
highly specialized at the local level. The data also supports
the prediction of Thompson (1994) that local specialization
may be important in mutualisms as well as parasitisms and
plant–herbivore interactions.

How specialized is the exploiter?—Disa nivea is a special-
ized exploiter on two different levels. First, it appears to ex-
ploit a single pollinator species across most of its range. Sec-
ond, it appears to exploit or mimic a single plant species across
its entire range, tracking corolla length and flower width of Z.
microsiphon across several sites and having a very close color
match. Zaluzianskya microsiphon is the only nectariferous spe-
cies in the P. ganglbaueri guild that bears any resemblance to
D. nivea (these are the only two white/cream-colored flowers
in a predominantly pink guild) and is the only species consis-
tently sympatric with D. nivea. Thus Bronstein’s (2001, p.
279) prediction that ‘‘highly specialized mutualisms should
most commonly be exploited by highly specialized exploiters’’
appears to hold.

Is the resemblance between mimic and model the result of
advergent or convergent evolution?—Johnson et al. (2003a)
pointed out that floral similarities among unrelated plant spe-
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cies that share pollinators can arise through two different evo-
lutionary pathways. Advergent evolution describes the scenar-
io when phenotypes of some plant species remain unchanged,
while selection acts on the phenotypes of a second group,
bringing about a resemblance to the first group. Convergent
evolution is the more familiar scenario when a common se-
lective pressure is applied to all members of the guild bringing
about an overall resemblance. This distinction serves to draw
attention to two very different origins of the selection pres-
sures applied to floral traits. Convergent evolution is based
primarily on innate pollinator preference and was traditionally
believed to underlie much of the evolution of floral syndromes.
Advergent evolution on the other hand is based primarily on
conditioned pollinator preferences. There has been an increas-
ing realization that pollinators select flowers more on the basis
of conditioned preferences than innate preferences (Chittka
and Thomson, 2001) and thus that advergent evolution may
be more common in nature than was previously thought to be
the case. Advergent evolution is exemplified by floral mimicry
because the resemblance between species is entirely due to
evolutionary modification of the mimic and not the model
(Johnson, 1994, 2000; Johnson et al., 2003a).

While our results show clearly that the mutualism between
Z. microsiphon and P. ganglbaueri is exploited ecologically
by D. nivea, it is more difficult to demonstrate that the floral
traits of the orchid have evolved in response to foraging pref-
erences of flies conditioned by feeding on Z. microsiphon (i.e.,
advergent evolution, sensu Johnson et al., 2003a), as opposed
to simple innate preferences of flies, in which case the simi-
larity could simply be due to convergent evolution within a
floral guild.

We examined three morphological traits (flower color, flow-
er width, and flower depth), all of which were found to be
similar in D. nivea and Z. microsiphon. We argue that the
strikingly similar reflectance spectra of D. nivea and Z. micro-
siphon is likely the result of advergent (assymetrical) evolu-
tion. If cream colors evolved in response to innate preferences
by P. ganglbaueri, then we would expect convergent evolution
for this color among all the approximately 20 plant species
that depend primarily on this fly for their pollination. However,
Z. microsiphon is the only rewarding species in the guild with
cream flowers, almost all of the others having pink flowers
(Goldblatt and Manning, 2000). A similar argument could be
advanced for flower size, as P. ganglbaueri pollinates flowers
with a range of sizes, including several with massive flowers
such as those of Brunsvigia grandiflora (Amaryllidaceae). We
interpret the significant relationship between mean flower
width of D. nivea and Z. microsiphon in different populations
(Fig. 8) as trait-tracking of the latter taxon by the former.

In contrast, the significant relationship between mean flower
depth of the two species is unlikely to be due to advergent
evolution because this is unlikely to be a trait that affects con-
ditioned foraging preferences by pollinators. Instead, this re-
lationship is likely to reflect independent adaptation to polli-
nator proboscis length in the two plant species, as indicated
by the significant correlations found between flower depth and
average proboscis length of the flies.

Conclusion—This study demonstrates that D. nivea pos-
sesses a remarkably specialized pollination system based on
the exploitation of the mutualism between Z. microsiphon and
its pollinator P. ganglbaueri. The success of this exploitation
by D. nivea is based on its apparent adaptive resemblance to

the flowers of Z. microsiphon. Disa nivea probably represents
one extreme on the continuum from deceptive orchids with a
specialized phenotype that mimics a single plant species (cf.
Nilsson, 1983; Johnson, 1994, 2000; Johnson et al., 2003a) to
those with a highly generalized phenotype approximating that
of ‘‘typical’’ plants visited by generalist pollinators (cf. Nils-
son, 1983; Johnson et al., 2003b). It is unlikely to be a coin-
cidence that well-developed floral mimicry in orchids is as-
sociated with exploitation of highly specialized pollination
systems, such as those involving oligolectic bees and long-
proboscid flies (Nilsson, 1983; Johnson, 1994, 2000).
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