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Abstract: We assessed nectar production patterns, the breeding system, and overall pollinator dependence of Psittacanthus schie-
deanus (Schlecht. & Cham.) G.Don (Loranthaceae), a mistletoe species that blooms in the late summer of the eastern cloud forests
of Mexico and whose flowers are mainly visited by hummingbirds. Despite differences in nectar production rates over the lifespan
of a flower, the daily nectar secretion of 3.6-7.2 mg sugar/flower/day was high compared to other hummingbird-adapted plant spe-
cies. Hand-pollination experiments showed that this plant is self-compatible, with only a slight advantage of cross- (xenogamous)
and geitonogamous hand-pollinated flowers over autonomous hand-pollinated flowers. Hence, the high production of nectar by
P. schiedeanus flowers represents an important ecosystem resource that may mediate interactions with a wide variety of floral
visitors. Although P. schiedeanus set selfed fruits autonomously, this plant requires hummingbirds to achieve its full reproductive
potential.
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Resumen: Determinamos la importancia de los patrones de produccion de néctar, el sistema reproductivo, y la dependencia general
de un polinizador de Psittacanthus schiedeanus (Schlecht. & Cham.) G.Don (Loranthaceae), una especie de muérdago que florece a
finales del verano de los bosques de niebla en el este de México cuyas flores son visitadas principalmente por colibries. A pesar de las
diferencias en las tasas de produccion de néctar a lo largo de la vida de una flor, la secrecion diaria de néctar de 3.6-7.2 mg aztcar/
flor/dfa fue alta comparada con otras especies de plantas adaptadas a colibries. Los experimentos de polinizacién manual mostraron
que esta planta es autocompatible, con solo una ligera ventaja por flores manualmente cruzadas con flores de la misma planta (geito-
nogamia) o de una diferente (xenogamia). Entonces, la produccién alta de néctar por flores de P. schiedeanus representa un recurso
importante en el ecosistema que puede mediar interacciones con una gran variedad de visitants florales. Aunque P. schiedeanus forma
frutos por autogamia, esta planta requiere a los colibries para lograr su potencial reproductivo maximo.

Palabras clave: colibries, Loranthaceae, México, muérdagos, polinizacion, produccién de néctar, Psittacanthus.

he genus Psittacanthus (Loranthaceae) is a New World

aerial hemiparasite distributed from Mexico to Argen-
tina on a wide range of angiosperm and gymnosperm hosts
(Kuijt, 2009). In contrast to other mistletoes, Psittacanthus
is distinguished by its large and conspicuous-red, yellow, or
orange flowers and bulky haustorial connections to the host
trees, and by large fruits which lack endosperm (Chdzaro
and Oliva, 1988; Kuijt, 2009). In his recent monographic
treatment of the genus, Kuijt (2009) considered 119 species
in the genus, 51 of which are newly described. In his mono-
graph, Kuijt (2009) recognized 11 species of Psittacanthus
for Mexico: P. angustifolius Kuijt, P. auriculatus Eichler,
P. breedlovei Kuijt, P. calyculatus G. Don, P. macrantherus
Eichler, P. mayanus Standl. & Steyerm., P. palmeri (Wat-
son) Barlow & Wiens, P. ramiflorus G. Don, P. rhynchan-

thus (Benth.) Kuijt, P. schiedeanus (Schlecht. & Cham.) G.
Don, and P. sonorae (Watson) Kuijt. Although Psittacan-
thus is distributed throughout Mexico (Chdzaro and Oliva,
1988; Vdzquez-Collazo and Geils, 2002), it is most com-
mon in the central and southern regions ranging from sea
level to 3,300 m above sea level. Parrot-flower mistletoes of
the genus Psittacanthus are considered to be the most dam-
aging pathogens to attack commercially important conifer-
ous and other hardwood timber stands throughout Mexico
(Vazquez-Collazo and Geils, 2002). More than 50 genera
of angiosperms and conifers have been reported as hosts of
Psittacanthus in Mexico, and several non-native plant gen-
era (Vazquez-Collazo and Geils, 2002). The most common
Psittacanthus species reported on conifers (Pinus and Ab-
ies) are P. angustifolius and P. macrantherus (Kuijt, 1987,
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2009; Mathiasen et al., 2007). In arid environments and
lowland, tropical deciduous forests, P. sonorae (Sonora and
Baja California), P. rhynchanthus (Balsas drainage), and
P. palmeri (subtropical Central Plateau) parasitize almost
exclusively Bursera species, and P. auriculatus (Tehuacdn-
Cuicatldn arid region) and P. breedlovei (Chiapan Central
Depression) are most commonly found on Acacia species
(Kuijt, 2009). However, most Psittacanthus species often
use more than one species of host. Despite their negative
economic impact, parrot-flower mistletoes are ecologically
important in forest ecosystems as they provide food, cover
and nesting sites for a variety of birds, mammals and insects
(reviewed in Watson, 2001; Mathiasen et al., 2008).

Although mistletoe plants are parasites of trees, most
are not damaging pathogens and do not impact economi-
cally valuable crops and forest products but actually play
key roles in forest ecosystems associated with these para-
sitic flowering plants (reviewed in Watson, 2001; Mathiasen
et al., 2008). Coevolutionary relationships with birds (in-
volving pollination and seed dispersal) have fueled several
adaptive radiations, thus producing one of the most diverse
and fascinating life forms on our planet. The coevolution
of mistletoes with their avian vectors has resulted in elabo-
rate seed dispersal mechanisms and in attractive and nutri-
tious fruits that provide valuable food for many bird species
throughout the world. Approximately 90 bird species from
10 families are considered mistletoe fruit specialists, exhib-
iting a range of behavioral and morphological adaptations
to their narrow diet (Mathiasen et al., 2008 and references
therein). Elaborate pollination mechanisms involving birds
have also evolved in some of Loranthaceae species (e.g.,
Ladley and Kelly, 1995; Ladley et al., 1997). Many tropical
and subtropical mistletoes in Loranthaceae have large, col-
orful flowers borne in groups that produce large amounts of
sugar-rich nectar that attract avian pollinators. However, the
basic reproductive biology of most Neotropical Loranthace-
ae, and specifically Psittacanthus species, has not been de-
scribed. In Tristerix corymbosus, Aizen (2005) reported that
hummingbird cross-pollination had a slight advantage with
respect to self hand-pollination in a population near Bari-
loche, Argentina. The only detailed study of hummingbird
pollination in Psittacanthus has been recently accounted
for P. calyculatus in Tlaxcala, Mexico (Azpeitia and Lara,
2006). They found that anthesis in the species is initiated
by anther dehiscence, and stigma receptivity followed only
24 h later. The flowering period lasts from July to Novem-
ber in the studied area, roughly corresponding to the local
mild and humid period. As in T. corymbosus, Aspeitia and
Lara (2006) found that P. calyculatus is predominantly an
outbreeding plant, even though self-pollination can also be
effective.

Here we report the results of a breeding-system study to
assess the overall dependence of Psittacanthus schiedeanus
on hummingbirds for pollination and sexual reproduction. If
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pollinator services by hummingbirds are effective and pre-
dictable, we expect an obligate dependence on humming-
birds for reproduction, and the existence of a mechanism
of reproductive assurance such as facultative, autonomous
self-pollination. In addition to testing for autogamous seed
production and self-compatibility, we also estimated self-
and cross-pollinated flowers to assess the role of outbreed-
ing in P. schiedeanus, and nectar production patterns are
described.

Materials and methods

Study system. Psittacanthus schiedeanus (Schlecht. &
Cham.) G.Don, parrot-flower mistletoe, is a shrubby (up
to 3 m in height) hemiparasite distributed along the east-
ern rim of the Sierra Madre Oriental between 1000 to 1800
m above sea level in Mexico to Panama. It parasitizes tall
trees in evergreen montane forests (Burger and Kuijt, 1983;
Chazaro and Oliva, 1988; Lépez de Buen er al., 2002; Kui-
jt, 2009). Throughout its geographic range, it parasitizes
branches of more than 20 native and introduced host tree
species (Chdzaro and Oliva, 1988; Lopez de Buen and Or-
nelas, 1999). In central Veracruz, the most severe infections
occur on Liquidambar styraciflua var. mexicana (Oested.)
(=macrophylla) (Altingiaceae) (Lopez de Buen and Ornelas,
1999; Lopez de Buen et al., 2002). Reproductive plants with
terminal and secondary inflorescences can produce several
hundred flower buds that differentiate and develop during
June and July. The floral buds (7.5-8.5 cm long) are more
or less straight, slender, slightly widening below tip. Long-
pedicelate (10-30 mm long, n = 360, J.F. Ornelas, unpub-
lished data) flowers are arranged in 3.5 pairs of triads with

Figure 1. Typical inflorescence of Psittacanthus schiedeanus

showing open flowers and floral buds at various developmental

stages. Note that the petals strongly curl around and the filament

holding out the anthers in all directions inserted low on the petals.
Photo by Juan Francisco Ornelas.
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peduncles 1-2 cm long. Peduncle and pedicels are bright or-
ange-red to yellow when exposed, especially in fruit (Kuijt,
2009). The flowers of P. schiedeanus are actinomorphic and
hexamerous (Figure 1). Flowers last open c. 6 d in the study
area. As senesces the orange-yellow flower, or parts of it,
turn red. When the flower opens to near the base, the six
petals strongly curl around and the filament holding out the
anthers (34 mm long, n = 341, J.F. Ornelas, unpublished
data) in all directions inserted low on the petals. Flowers
open to different degrees, and filament length and level of
filament implantation may be related to pollination mode
(figure 1). The narrow petals diverge greatly during anthe-
sis, and no discernable floral tube (8 mm long, n = 338, J.F.
Ornelas, unpublished data) is then present. The filaments are
extremely long (71 mm long, n = 341, J.F. Ornelas, unpub-
lished data), and are similarly spread out during flowering.
Several to many adjacent flowers in an inflorescence open
simultaneously (Kuijt, 2009). The most common pattern in
the flower color is for the proximal part of the filamentous
petals to be bright orange (often brilliantly so) and the tips
to be bright yellow. The brilliant hues of the hermaphro-
ditic flowers suggest that birds, especially hummingbirds
are the primary pollinators. Several hummingbird species
(Campylopterus curvipennis, Amazilia beryllina, A. cya-
nocephala, Lampornis amethystinus, Lamprolaima rhami,
Atthis heloisa), parrots (Pionus senilis), flowerpiercers (Di-
glossa baritula), butterflies, and bees have been observed
visiting flowers of P. schiedeanus in the study region (Lépez
de Buen and Ornelas, 2002; J. F. Ornelas, unpublished data).
Nocturnal floral visitors are not known for P. schiedeanus.

Flowers mature into 13.8 X 9.5 mm, purplish-black fleshy,
lipid-rich fruits containing one seed which weight averages
335 mg (Lépez de Buen and Ornelas, 2001). Fruit ripen-
ing occurs asynchronously from November to April. Fruits
are consumed and dispersed by a variety of birds, the most
frequently observed are: Bombycilla cedrorum, Ptilogonys
cinereus, and Myiozetetes similis (Lépez de Buen and Orne-
las, 1999, 2001, 2002; Ramirez and Ornelas, 2009).

Study area. The study was conducted in central Veracruz,
Mexico during the flowering seasons of July-August 2003
and 2004, in two cloud forest remnants located near the city
of Xalapa (La Pitaya, Coatepec, 19°30°N, 96°57"W, at 1381
m above sea level; Rancho Viejo, San Andrés Tlalnelhuayo-
can, 19°35°N, 96°01°W, at 1461 m above sea level). The
region is characterized by frequent and prolonged immer-
sion within orographic clouds. Climate is mild and humid
throughout the year with a dry-cold season from November
to March. The most common trees species in the fragments
are Liquidambar styraciflua var. mexicana, Quercus ger-
mana, Q. leiophylla (Fagaceae), Platanus mexicana (Plat-
anaceae), and Acacia pennatula (Leguminosae) (Lépez de
Buen and Ornelas, 1999).

Natural patterns of nectar production. The amount of nectar
secreted by a flower may not be clearly revealed when natu-
ral patterns of nectar production are measured, particularly
among species that positively respond to nectar extraction
by their pollinators (Ordano and Ornelas, 2004). We quan-
tified nectar production to determine whether flowers re-
ward pollinators equally over time and when the pollinators
sought out such resources. Inflorescences of 8 mistletoes
plants growing on A. pennatula were bagged in July-August
2003 with bridal netting before bud opening. Nectar was
extracted the following day without removing the flowers
from the plant (non-destructive method). Nectar production
was measured repeatedly throughout the life of individual
flowers at 24-h intervals during six days to minimize the
effects of evaporation in the quantification of nectar produc-
tion. Nectar volume was measured using graduated micropi-
pettes (10 uL) and a ruler. Sugar concentration (percentage
sucrose) was measured with a pocket refractometer (Ameri-
can Optical 10431, Buffalo, New York, USA; range of
concentration 0°-50° BRIX scale) and the amount of sugar
produced was expressed as milligrams of sugar after Bolten
et al. (1979) and Kearns and Inouye (1993). Two hundred
flowers were examined.

In a different group of plants, we measured the nectar for
which buds of selected inflorescences were excluded from
floral visitors to let nectar accumulate. The accumulated
nectar was extracted the following day after the exclusion
at 0800. The one-day sampled flowers (24-h interval of nec-
tar accumulation) were removed from the plant after nectar
measurements (destructive-method) and the same proce-
dure was repeated on groups of flowers in which nectar was
let to accumulate 2, 3, 4 and 5 days (48, 72, 96, and 120-h
intervals of nectar accumulation). Nectar production was
measured as described above.

Pollination experiments. To evaluate the relative importance
of pollinators, the following manual-pollination experi-
ments were performed. In mid-August 2004, we selected
flowering branches of 8 reachable mistletoe plants growing
on A. pennatula and recently opened flowers were individu-
ally tagged and assigned per plant the following pollination
treatments. To test for within-flower, autonomous self-pol-
lination and autogamous fruit set, we bagged the flower by
enclosing the flowering branch in a pollination bag made of
I-mm tul mesh (Treatment 1: autogamy, n = 77 flowers).
To test for self-compatibility, we hand-pollinated flowers
of a given flowering branch by brushing anthers from other
flower of the same individual and excluded pollinators by
enclosing the flowering branch as described (Treatment 2:
geitonogamy, n = 85 flowers). To test for cross-compatibil-
ity, we hand-pollinated flowers of a given flowering branch
with pollen from other individuals and excluded pollinators
by enclosing the flowering branch as described (Treatment
3: xenogamy, n = 93 flowers). Finally, we assessed natural
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pollination and fruit set from a different group of flowers
that remained open to pollinators (Treatment 4: open pol-
lination, n = 81 flowers). Hand-pollination (Treatments 2
and 3) was applied once on 3-d old flowers when stigma
receptivity is higher (M. M. Ramirez, unpublished data).
Two months until fruit maturation we counted the number
of fruits per pollination treatment, measured with a calliper
and weighted (0.001 g).

Statistical analyses. We used repeated-measures ANOVA to
analyze plant differences regarding nectar production (vol-
ume and amount of sugar) over each flower’s lifespan. The
model includes the effects of days (flower age) as repeated
factors (i.e. within-subject factors) and the effects of plants
as between-subject factor. To evaluate the effects of flower
age (day treatment) on accumulated nectar, we used nested
analyses of variance (ANOVAs) with type III sum of squares
on nectar volume (microliters) and sugar production (mass
of sugar in milligrams). Nectar volume and total sugar pro-
duced here were intercorrelated response variables (volume
vs. sugar, r = 0.32, n =202, P =0.0001). Therefore, we first
performed nested multivariate ANOVAs (MANOVA) incor-
porating these response variables. In the model, flower age
was a fixed factor and plant factor was nested within flower
age (day treatment). Using a MANOVA followed by uni-
variate ANOVAs as described above, will reduce the prob-
ability of inflating the type I error rate. Nectar volume and
mass of sugar data were log (x+1) transformed before statis-
tical analyses to achieve normality, but untransformed data
(mean =+ standard error) are reported in figure 2. Pollination
treatment and fruit production (fruit set) were tested with
a G-test of independence with Yates’ continuity correction.
We used a Fisher’s exact test to test whether fruit production
differed between pollination treatments (flowers excluded
to pollinators, exposed to natural pollination, geitonogamy
and xenogamy). All statistical analyses were run using Stat-
View and SuperANOVA (Abacus Concepts, Inc.).

Results

Nectar replenishment rates among flowers decreased over
their lifespan (repeated-measures ANOVA; flower age ef-
fect; nectar volume, FS,1340 =1394.45, P=0.0001; sugar pro-
duction, F5,1325 = 1044.03, P = 0.0001). Flowers subjected
to daily repeated nectar removal replenished about 2 times
more nectar per day on day 1, 2 and 3 than they did from
day 4 on (Figure 2a). Sugar production followed the same
pattern over time described for total nectar volume (Figure
2b). Patterns of variation were also affected by plant (nectar
volume, F7,1340 =33.98, P =0.0001; sugar production, F7.1325
=19.81, P =0.0001), and the plant x flower age interactions
(nectar volume, F35’1340 = 14.69, P = 0.0001; sugar produc-
tion, me =11.27, P =0.0001) were also significant.

Flower age affected subsequent nectar production nega-
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tively in P. schiedeanus. A MANOVA showed that flower
age (day treatment) significantly influenced total nectar pro-
duction for both dependent variable (volume and amount of
sugar, Wilks’ A = 0.542, F |, , = 14.73, P = 0.0001). Plant
individuals (nested within day treatments) were significant-
ly heterogeneous for the two dependent variables (Wilks” A
=0.546, F,,,=2.79, P = 0.0001). Because the MANOVA
was significant, we then followed with univariate ANO-
VAs. Daily nectar accumulation varied significantly over
time, decreasing with flower age (one-way ANOVA, F_,
= 30.74, P = 0.0001). Undisturbed flowers accumulate c.
17 microliters on day 1 after 24 h of accumulation but de-
creases as they aged from day 2 on (Figure 2a) likely due
to evaporation and/or reasorption. Daily sugar production
also varied significantly over time (one-way ANOVA, F_,
=24.05, P =0.0001), decreasing with flower age. An undis-
turbed flower accumulates c. 2 milligrams per day on day
1 and 2 after 24-48 h of accumulation, but then steeply de-
creases from day 3 on (Figure 2b).

When flowers that experienced repeated removals are
visually compared with those undisturbed flowers that ac-

cumulated nectar over time, the total amount of fluid and
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Figure 2. Cumulative nectar after repeated removals (open circles)

and accumulated nectar over time (closed circles) of Psittacanthus

schiedeanus flowers. Data are means + 1 SD. (a) Nectar volume (in
microliters), (b) sugar production (in milligrams).
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Table 1. Fruit set (number of fruits / number of flowers) and fruit size in Psittacanthus schiedeanus for flowers exposed to pollination treatments.

Fruit size data are means + 1 SE.

Pollination treatment Number of Number of Fruit set Fruit width Fruit length Fruit weight
flowers fruits (mm) (mm) (g)
Autonomous self-pollination 77 14 0.18 9.19+0.2 13.73+0.3 0.75+0.04
Geitonogamous hand-pollination 85 32 0.38 9.36x0.1 13.70£0.2 0.71+0.03
Xenogamous hand-pollination 93 33 0.35 9.36x0.1 13.77£0.2 0.75+0.02
Open pollination 81 18 0.22 9.46+0.1 14.01+£0.3 0.76+0.04

sugar secreted was markedly different between nectar treat-
ments (Figure 2); undisturbed flowers secreted about half
the amount of fluid or sugar secreted by flowers subjected to
repeated nectar removal (Figure 2).

Flowers from all pollination treatments set fruit. Out-
crossed (xenogamy), hand-pollinated flowers set fruits as
well as flowers exposed to geitonogamous crosses, natural
pollination (control), and flowers excluded from pollination
(autogamy) (Table 1). However, fruit production was not in-
dependent of pollination treatment (G = 11.36, df =3, P <
0.01). Fruit set (in relation to flower number) was somewhat
higher in geitonogamous hand-pollinated flowers (37.6%)
than xenogamous hand-pollinated flowers (35.5%), flowers
open to natural pollination (22.2%) and excluded, autoga-
mous flowers (18.2%). Fruit set was significantly higher (P
= 0.044 in a Fisher’s exact test) in geitonogamous flowers
than in autogamous flowers; fruit set in xenogamous flowers
differed marginally from autogamous flowers (P = 0.06).
There were no significant differences among fruit set in the
remaining comparisons (P > 0.1 in Fisher’s exact tests; see
also Table 1). Because hand self-pollinated flowers set al-
most as many as cross-pollinated (P = 0.88 in a Fisher’s
exact test), we consider P. schiedeanus to be fully self-com-
patible. However, open- and hand-pollinated flowers set
more fruits than autonomous self-pollinated flowers. Thus,
although P. schiedeanus set selfed fruits autonomously, this
plant requires hummingbirds to achieve its full reproductive
potential. Lastly, no significant differences in fruit size were
observed among treatments (P > 0.1, Table 1).

Discussion

We used nectar production after repeated removal as a nec-
tar sampling technique to investigate maximum nectar out-
put to floral visitors across the flower’s lifespan (see also
Herndndez-Conrique et al., 2007). By repeatedly removing
nectar, we may have stimulated replenishment of the fluid
and therefore natural secretion patterns may have been ob-
scured. However, nectar accumulation data avoid this prob-
lem but underestimates the capacity of the plants to respond
to repeated nectar removal by floral visitors (Ordano and
Ornelas, 2004). By emptying all nectar from the same set
of flowers at daily intervals, we minimized the effects of

evaporation observed among flowers left to accumulate nec-
tar, so it is unlikely that variation in nectar replenishment
rates is due to microclimate differences over the flower’s
lifespan. The result of decreased nectar accumulation over
time ties in well with the result that hummingbird-adapted
flowers do usually increased total nectar production when
drained repeatedly. In P. schiedeanus, the magnitude of the
response to the removal effect can be explained in part by
the large number of floral visitors. Hence, the high produc-
tion of nectar by P. schiedeanus flowers (and the number
of flowers produced per plant) represents an important eco-
system resource that may mediate interactions with a wide
variety of plant visitors, depending on seasonal and spatial
availability. The sugar totals (3.6-7.2 mg sugar per flower
per day) are high compared to values of other humming-
bird-visited species (reviewed in Ornelas et al., 2007). For
hummingbirds, P. schiedeanus represents a rich resource
compared to other hummingbird-pollinated flowers of the
cloud forests in the region (e.g., Lara and Ornelas, 2003; Or-
nelas et al., 2004), other late summer flowers in this region
(Lara and Ornelas, 2002), flowers from other Psittacanthus
species (Azpeitia and Lara, 2006), or from other humming-
bird-adapted species (Herndndez-Conrique et al., 2007,
Lara and Ornelas, 2008). Although Neotropical mistletoe
flowers are highly variable in terms of nectar production,
values for P. schiedeanus are high to median for Neotropical
mistletoe flowers (Cruden et al., 1983; Opler, 1983; Stiles
and Freeman, 1993; Tadey and Aizen, 2001; Ornelas ef al.,
2007). Thus, the high nectar production rates, the large flo-
ral display (number of flowers open per day and number of
inflorescences per plant), flower longevity, and the extended
flowering time (3 mo) suggest that allocation to pollinator
attraction is large in P. schiedeanus.

Autonomous, within-flower self-pollination has been
proposed as a feature characterizing the breeding system of
many Loranthaceae (Aizen, 2005; Azpeitia and Lara, 2006).
Despite self-compatibility, P. schiedeanus exhibits a limited
capacity for self-pollination, about one third of full seed set.
Therefore, this plant requires the service of its hummingbird
pollinators to achieve full reproductive success. Although
spatial separation of androecium and gynoecium is charac-
teristic of many bird-pollinated members of Loranthaceae
(e.g., Ladley et al., 1997), there is no particular mechanism
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promoting autonomous self-pollination that we have de-
tected in P. schiedeanus. The fitness consequences of self-
fertilization are largely determined by how self-pollination
occurs in P. schiedeanus. Within-flower self-pollination
(autogamy) may be advantageous, since it can provide re-
productive assurance under conditions of pollinator scarcity
without much seed or pollen discounting (see also Aizen,
2005). In contrast, between-flower self-pollination (geito-
nogamy) seems to provide no reproductive assurance and
can cause severe seed and pollen discounting. The potential
for selfing is greatest in species with a massive floral dis-
play such as P. schiedeanus, because having many flowers
promotes the transfer of self-pollen to other flowers on the
same genetic individual. Although geitonogamy is function-
ally cross-pollination involving a pollinating agent, geneti-
cally it is similar to autogamy since the pollen grains come
from the same plant. The striking variation among individu-
als in the size of their floral display and the longevity of the
flowers introduces problems for interpreting the relatively
high fruit set value in P. schiedeanus after hand geitonoga-
mous pollination. Given that the fruit size and fruit set val-
ues of geitonogamous and xenogamous hand-pollination
were similar (38% and 35%, respectively; see Table 1)
and higher than that under natural conditions (22%), and
that fruit set by self-pollination was relatively high (18%),
suggests that P. schiedeanus could produce all progeny by
self-pollination. If so, geitonogamy may be a mechanism
for reproductive assurance when flower visitation rates are
low, particularly in cases in which plants are growing on
host trees isolated from conspecifics. Several authors have
suggested that geitonogamy leads to high rates of self-fer-
tilization in self-compatible species, and reduces reproduc-
tive success in those that are self-incompatible (de Jong et
al., 1993). Further observations on how pollination occurs
in self-compatible P. schiedeanus are needed to determine
how common geitonogamy is under natural conditions, and
which floral visitors and foraging behaviors promote geito-
nogamous crosses. The extent of geitonogamous pollination
under natural conditions undoubtedly varies a great deal
within and between species, depending on factors such as
daily flower number, plant density, flower longevity, nectar
production patterns and pollinator behavior. When selfing
requires pollinator visits (geitonogamy), allocation to at-
traction remains important for both selfed and outcrosses
seed production (Lloyd, 1987). Thus, even at high selfing
rates, species requiring pollinator visits for seed production
are expected to devote considerable resources to attraction
(Goodwillie et al., 2009). Although the cost of geitonoga-
mous selfing can increase with an increase in display size
and flower longevity (e.g. Ishi and Sakai, 2001), more work
linking the evolution of mating strategies to the ecology of
the floral displays is required to move the study of mating
strategies beyond the outcrossing-selfing paradigm (Barrett,
2003).
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