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GENERALIZATION VS. SPECIALIZATION IN THE POLLINATION SYSTEM

OF HORMATHOPHYLLA SPINOSA (CRUCIFERAE)
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Abstract. This study describes the interaction between Hormathophylla spinosa, a
crucifer shrub, and its pollinators, analyzing the spatiotemporal variability of the pollinator
assemblage as well as the foraging behavior and effectiveness of the common pollinators.
The study was carried out in the high mountains of the Sierra Nevada, Spain, over four
years (1988-1991). We selected three populations of H. spinosa located along a wide
altitudinal gradient. This plant species was visited during the four years of the study by at
least 70 species of insects belonging to five orders and 19 families. The assemblage of
floral visitors of H. spinosa was composed mainly of ants and different species of solitary
bees and flies, although most pollinators were comparatively rare. There were striking
similarities between most pollinator species in the distributions of flight distance between
consecutive flowers, which were leptokurtic and highly skewed. Moreover, almost all vis-
itors acted as pollinators, depositing pollen grains enough for seed production. Insects
visiting flowers of H. spinosa can be divided into two guilds: nectarivores (small flies and
ants) and pollinivores (bees and hoverflies), which differ in pollination attributes. Flower-
visitation rates were quite different between the faster pollinivores and the slower nectar-
ivores. All nectarivorous species moved almost exclusively between flowers of the same
plant, whereas pollinivores sometimes moved between plants; and pollinivores deposited
more pollen grains per visit than did nectarivores. H. spinosa interacted most frequently
with the nectarivorous Proformica longiseta, Fannia scalaris, and Exechia dorsalis in the
two lowest elevation populations of Sierra Nevada, and with the pollinivorous Colletes sp.
and Eristalis tenax in the highest elevation population. The mutualistic interaction between
H. spinosa and its pollinators is a generalized system, where the traits of the flower allow
almost every floral visitor to act as a true, effective, pollinator. The lack of differences in
per-visit pollination effectiveness and the functional equivalence of very different polli-
nators may help to maintain this generalized system.
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INTRODUCTION

Most theoretical and empirical studies on plant—pol-
linator interactions use specialization as a central idea.
Nevertheless, recent studies point out that generaliza-
tion is at least as frequent as specialization in polli-
nation systems, with increasing evidence indicating
that most flowering plants are pollinated by a moderate
to high number of insect species, and that most floral
visitors usually visit many different hosts (Schemske
1984, Herrera 1996, Waser et al. 1996).

Several factors favor the maintenance of these types
of generalized pollination systems. A high spatial vari-
ability in the distribution and abundance of pollinator
species might restrict the potential evolutionary re-
sponse to particular pollinators in those plant species
with gene flow among subpopulations (Brantjes 1981,
Thomson 1981, Aker 1982, Howe 1984, Herrera 1988,
Horvitz and Schemske 1990, Eckhart 1991). Never-
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theless, a geographic structure of specialization can
appear when plants without or with limited gene flow
among populations are pollinated by different species
in different populations, with the result of each pop-
ulation being locally specialized to one or a few pol-
linators (Thompson 1994). Generalization is also fa-
vored within each plant population by temporal un-
predictability in pollinator assemblage (Herrera 1988,
1996, Horvitz and Schemske 1990, Eckhart 1992, Fish-
bein and Venable 1996, Waser et al. 1996, and refer-
ences therein). Indeed, when local floral visitor assem-
blages change between years, pollinator-mediated se-
lective pressures become inconsistent, and the appear-
ance of morphological and physiological traits of plants
shaped to the demand of particular visitors is unlikely
(Herrera 1988, Petterson 1991).

In addition to the importance of the spatiotemporal
heterogeneity in promoting generalization, we should
also consider that there is an opportunity for special-
ization only when different pollinators, due to inter-
specific differences in individual effectiveness, pro-
duce different outcomes from the plant’s viewpoint
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TaBLE 1. Differences between plant populations in the Sierra Nevada with respect to some
morphological and reproductive traits of the labeled H. spinosa plants.

Population
Trait A B C
Plant size (cm?) 1603 * 145¢ 1225 + 351¢ 1739 * 188
Number of flowers/plant 6739 * 5852 11621 = 2693° 7744 * 635°
Number of stamens/flower 5.78 = 0.16% 4.69 = 0.39¢ 5.84 = 0.20°
Flower diameter (mm) 6.02 £ 0.15% 5.64 £ 0.21* 6.72 £ 0.15°
Pollination failure 25.6 = 2.62 43.4 + 2.6b 10.2 = 1.8
Seed : ovule ratio 29.6 = 0.1° 30.5 £ 0.1* 40.3 £ 0.1°

Notes: Plant size is the major diameter. Pollination failure is expressed as a 3-yr average of
the percentage of abscission of unpollinated flowers. Seed: ovule ratio is the proportion of
ovules setting seeds per ripe fruit. Data are mean * 1 SE. For the Sierra Nevada populations,
means in each row followed by different superscript letters are different at P < 0.05 according
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to Scheffé’s test after one-way ANOVA analyses.

(Schemske and Horvitz 1984, 1989, Herrera 1987,
1989, Eckhart 1991, 1992, Stanton et al. 1991, Fishbein
and Venable 1996). A different scenario can develop
when very different pollinator species have the same
effect on plant fitness (Feinsinger 1983). Indeed, there
is evidence suggesting that taxonomically unrelated
pollinators can forage at flowers in similar ways, and
thereby have similar individual effectiveness (Motten
et al. 1981, Waser 1982, Feinsinger 1983, Vaughton
1992, Conner et al. 1995, Fishbein and Venable 1996).
In this case, the evolutionary process might be expected
to result in a more generalized response to whole
groups of species interacting in a similar way.

In the present paper, we study the interaction between
Hormathophylla spinosa (Cruciferae) and its pollina-
tors in the high mountains of the Sierra Nevada (Gra-
nada province, SE Spain). We quantified the number
of species visiting the flowers of this plant by surveying
the entire assemblage without any prior selection of
species (Waser et al. 1996). Moreover, to test whether
H. spinosa is locally specialized to only a few taxa,
despite being visited by many different species
throughout its distribution area, we analyzed the spatial
variability of the main visitors by studying the polli-
nation assemblage in three different populations. Ad-
ditionally, we assessed year-to-year fluctuations in the
local visitor assemblage during 4 yr for all three plant
populations. Finally, we quantified the per-visit polli-
nation effectiveness for the main visitors to determine
whether they interacted similarly with the plant. By
studying simultaneously multiple sources of potential
variation in pollination success, we seek to ascertain
whether this plant species has a generalized pollination
system and, if so, the possible factors by which this
generalization is maintained.

MATERIALS AND METHODS
Plant natural history

Hormathophylla spinosa (L.) Kiipfer (Cruciferae) is
an abundant stunted shrub of the high mountains of
southern Spain and the western Mediterranean (Kiipfer

1993). In the Sierra Nevada, this plant grows at an
altitude of between 1600 and 3340 m.

During flowering, from June to August (Gémez
1993), a typical individual of this mass-flowering spe-
cies produces ~8000 flowers grouped in inflorescences,
each bearing 4 to 22 flowers (Gémez and Zamora
1992), with 6.1 = 1.2 flowers (mean * 1 sD) open at
the same time in each inflorescence. Each flower lasts
3.6 = 1.9 d. The white to pink flowers are actinomor-
phic, hermaphroditic, and slightly protandrous. The
flower has four nectaries that produce traces of nectar
(0.039 pL per flower per day) and 769 *= 460 pollen
grains per anther (Gémez and Zamora 1992). Each
flower invariably has four ovules. H. spinosa can pro-
duce seeds by geitonogamy (Gémez and Zamora 1996).

Study area

The study was carried out in the Sierra Nevada for
4 yr (1988-1991). We selected three populations of H.
spinosa above the timberline, situated at 2160 m (Pop-
ulation A), at 2550 m (Population B), and at 3130 m
(Population C) (see Gémez 1993 for a full description).

At the beginning of the study (1988), we tagged 80
randomly chosen reproductive plants (40 in Population
A and 20 each in Populations B and C). The size dis-
tribution of the plant sample reflects the natural fre-
quency distribution of plant size in populations. All the
observations during the four study years involved these
plants. The key plant traits related to the pollination
interaction are shown in Table 1 for each plant popu-
lation.

Analysis of the diversity and abundance of the
pollinator assemblage

The sampling procedure used to determine the com-
position and abundance of the pollinator species in each
plot was to count all flower visitors seen in 1-min pe-
riods on each tagged plant. Each census thus corre-
sponded to 20 min of total observation (in population
A, we divided the 40 tagged plants in two groups of
20 each). Every 1-2 d during flowering peak (>60%
of plants at flower) in each plot, we carried out several



























